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With standard tissue culture techniques it has 
been possible to determine the etiologic agent 
of only 20%-35% of upper respiratory illnesses 
in adults [l-4]. However, in 1965 Tyrrell and. 
Bynoe reported successful attempts to increase 
the efficiency of virus recovery from patients 
with upper respiratory tract illness using human 
embryonic tracheal and nasal organ cultures. 
They found that organ cultures were more sensi- 
tive than conventional tissue cultures for isolation 
of some rhinoviruses; in addition, they isolated an 
ether-labile virus, strain B814, which could be 

, grown only in organ culture and which produced 
common cold-like illnesses in volunteers [S]. In 

1966, Hamre and Procknow described the re- 
covery of a new virus, using standard tissue cul- 
ture techniques, from 5 students, 4 of whom had 
an upper respiratory tract illness [6]. The proto- 
type strain, 229E, was ether-labile, possessed an 
RNA core, measured approximately 89 rnp, and 
yet was apparently unrelated to any of the myxo- 
viruses of man. In 1967, we described the isola- 
tion of 6 new ether-labile viruses (hereafter re- 
ferred to as National Institutes of Health organ 
culture [NIH O.C.] viruses) from patients with 
upper respiratory illnesses; these agents could be 
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isolated only in human embryonic tracheal organ 
cultures [7]. The B814 virus, the 229E virus, and 
the NIH O.C. viruses were all shown to possess a 
similar morphology which resembled that of-the 
avian infectious bronchitis virus (IBV) but was 
distinct from that of the myxo- or paramyxovi- 
ruses [7-91.’ Subsequently, it was found that 
mouse hepatitis virus (MHV) shared the com- 
mon morphologic features of these viruses 
[IO-131. 

As a group, the “IBV-like” viruses of man 
are fastidious in their host-cell requirements: 
neither the B814 nor the 6 NIH 0-C. -viruses 
could be adapted to grow in a monolayer tissue 
culture system; 229E virus was isolated. in 
such tissue culture, but only with difficulty. 
Virus 229E was isolated originally after a sec- 
ond blind passage in human embryonic kidney 
(HEK) cells; attempts to isolate this virus in 
human diploid cell strain (HDCS) WI38 cultures 
after 4 blind passages were unsuccessful although 

.it was adapted subsequently to grow in these 
‘.cells [6], Virus 229E was capable of producing 
respiratory illness in volunteers after I passage 
in human. embryonic tracheal organ cultures 
,[I 11. 

In an attempt to study the incidence of 2$E 
virus infection in a population, of civilian adults, 
complement. fixation (CF) tests were performed 
on paired sera obtained during a previously re- 
ported cross-sectional study of upper respiratory 
illness which spanned 2 years (1962-1964) [2]. 
Five of 256 patients developed serologic (CF) 
evidence of 2298 virus infection. ‘At the same 
time, various experimental cell cultures were 

’ D. A. J.. Tyrrell. Presentation at Pan American Health 
Organization, First International Conference on Vaccines 
against Viral and Rickettsial Diseases of Man (November, 
1966). 
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under evaluation for their sensitivity to rhino- 
viruses and strain 229E. We therefore took ad- 
vantage of this opportunity by attempting to 
isolate virus strains resembling 229E from the 
original specimens of these 5 patients in such 
cell cultures. In addition, specimens were ob- 
tained from patients with upper respiratory tract 
illnesses who participated in a more recent 
(1965- 1967) cross-sectional study.’ With the 
use of semi-continuous human embryonic in- 
testine (HEI) cell cultures, a virus similar to 
229E virus was isolated from 3 of the 5 patients 
with serologic evidence of infection and from 
6 patients in the more recent study whose sero- 
logic response to 229E virus was not known at the 
time of the attempts at isolation. The recovery 
of these 9 virus strains represents the only re- 
ported isolation of viruses similar to 229E virus 
from natural infections since the original descrip- 
tion of this agent. A description of these virus 
strains and certain observations concerning their 
epidemiology form the basis of this report. 

Materials and Methods 

Human embryonic intestine (HEI) tissue 
culture. HEI tissue culture tubes (MA- 177) 
were purchased from Microbiological Associ- 
ates. The intestine was obtained from a 3’/s- 
lb stillborn male infant with an estimated gesta- 
tional age of 34 weeks. This fibroblast cell strain 
could not be grown consistently beyond the 
twentieth passage; passages 13-17 were used for 
isolation of the 229E related viruses. Growth me- 
dium consisted of Eagle’s minimum essential me- 
dium (MEM) in Earle’s balanced salt solution 
(BSS), supplemented with 0.1 mmole each of 7 
“nonessential” amino acids, 1 mmole sodium 
pyruvate, 10% inactivated (56 C for 30 min) fetal 
calf serum, 100 units of penicillin, and 100 pg 
of streptomycin per milliliter; maintenance me- 
dium consisted of equal parts of Eagle’s MEM in 
Earle’s BSS and Medium 199 in Hanks’ BSS 
supplemented with 2% inactivated calf serum and 
antibiotics as above [14]. 

nesses. In the 1962-1964 study, 0.2 ml, of freshly 
collected nasopharyngeal wash fluid (veal in- 
fusion broth with 0.5% bovine albumin) was in- 
oculated into 2 roller tubes each of Hep-2, 
rhesus monkey kidney (MK), and HDCS WI26 
or WI38 [2]. In the 1965-1967 study of NIH 
employees, 0.85% NaCl was used as nasal wash 
fluid, and this Ruid was immediately diluted ap- 
proximately ‘/2 in veal infusion broth with 0.5% 
bovine albumin These specimens were inoculated 
within 1 hr of collection into 2 roller tubes each of 
Hep-2, MK, WI26 and/or W138, human aorta 
(AT-39), and HEK cultures [15]. The remaining 
nasal fluid was stored at -60 C. Tissue cultures 
were obtained from commercial sources, main- 
tained as previously described, incubated at 33- 
34 C on drums rotating at 12 revolutions per hour, 
and obsei-ked for cytopathic effect (CPE) twice 
weekly [16). MK cultures were tested for hem- 
adsorption at 5-7-day intervals, and a single 
blind subpassage of the HEK culture harvests 
was made at 21 days. Acute phase sera were 
obtained at the time the washings were collected 
and convalescent sera about 3 weeks later. Five 
specimens from the 1962-1964 study and all 
specimens from the more recent study (1965- 
1967) were also inoculated as above into HE1 tis- 
sue culture; although some specimens were 
inoculated into HE1 cultures within I hr of collec- 
tion, most had been stored at -60 C prior to 
inoculation. . 

Organ cultures. Human embryonic trachea1 
organ cultures were prepared and maintained 
by a modification of the method of Hoorn and 
Tyrrell asdescribed previously [7, 17, I8 1. 

Source of specimens and virus isolation pro- 
cedures. Specimens were -obtained on or be- 
fore the fourth day of illness from employees of 
the NIH who had acute upper respiratory tract ill- 

Electron nzicroscopy. One to 5 ml of tis.&re 
culture or 0-C. fluid was clarified: by low- 
speed centrifngation at 2,000 rpm for IO-15 min 
in the PR-2 International centrifuge, and then 
centrifuged at 11 I,000 X g for 60 or 90 min in 
the SW-39 rotor of a Spinco model L ultra- 
centrifuge. Pellets were resuspended in O.l- 
0.2 ml of 1% ammonium acetate, negatively 
stained with 2% phosphotungstic acid (PTA) 
at pH 5.0 or 7.0, and spread on formvar-coated 
copper grids [7]. All electron micrographs were 
taken with a Siemens Elmiskop, 1A at mag- 
nifications of X 40,000-80,000. 

’ A. 2. Kapikian, H. D. James. Jr., S. J. Kelly, K. MC- 

Intosh, and K. M. Chanock, “Etiology of topper respiratory 
tract illnesses among civilian adults” (in preparation). 

Viruses and sera. Dr. Dorothy Hamre kindly 
supplied 229E virus and guinea pig antiserum. 
The virus had been purified by the terminal 
dilution technique in WI38 cultures. 

Chloroform sensiriuity, .5-iodo-2-deoxyuridine 
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sensitivity, and acid lability tests. These tests 
were performed as previously described [16, 
19-221. The 229E-related viruses isolated in 
HE1 cells were adapted to HDCS W138, and 
tests were performed in tube cultures of HDCS 
W138. 

InJectivity titrations. HEI or WI38 cultures 
were used in infectivity titrations. Tenfold dilu- 
tions of virus were made in Hanks’ BSS con- 
taining 0.5% gelatin, 100 units of penicillin 
per milliliter, and 100 pg of streptomycin per 
milliliter. Two-tenths milliliter of the appro- 
priate virus dilution was inoculated into each of 
2-4 tube cultures; the cultures were examined 
for the appearance of CPE 3 times weekly for 
approximately 2 weeks. Infectivity titers were 
based on CPE and calculated by the method of 
Reed and Muench 1231. 

cultures were examined at 2-3-day intervals 
for approximately 2 weeks, since CPE with the 
229E-related viruses did not appear before the 
fifth or sixth day. Serum neutralizing end points 
were calculated according to the method of Reed 
and Muench and were expressed as initial Serum 
dilutions [23]. 

Results 
c 

Inoculation of‘ suckling mice. Swiss mice of 
the CD-i strain were obtained from Charles 
River Mouse Farms, Incorporated, Wilmington, 
Massachusetts. Retired breeders from this mouse 
colony were tested and found to be free of CF 
antibody to MHV, strain A59 [24]. One litter each 
of suckling mice, O-3 days old, was inoculated in- 
tracerebrally with 0.01 ml of tissue culture har- 
vests of viruses 489, 5 11, 515, and 844 and ob- 
served for 21 days. If a mouse developed illness, 
it was sacrificed and brain suspension was pas- 
saged to additional suckling mice intracerebrally 
and intraperitoneally; in addition, such suspen- 
sions were inoculated into HDCS WI38 cultures. 

Complement fiation (CF) tests- 229E virus 
was inoculated into 32-0~ bottles of WI38 cultures 
and allowed to adsorb for 1 hr. Fluids harvested 
after 2 freeze-thaw cycle& about 48 or 72 hr after 
inoculation, were employed as CF antigen. CF 
tests with appropriate controls were performed 
as previously described [7]. CF tests involving 
large numbers of paired sera could not for prac- 
tical reasons be completed in a single day of 
testing. Therefore, such CF results reported in 
this study were from tests performed several 
days in succession. 

Isolation and growth in tissue culture. The 
3 nasal wash specimens which yielded 229E- 
related viruses from the 1962-1964 study were 
obtained within a 7-week period, March 2 to 
April 13, 1964, while the 6 virus-positive nasal 
wash specimens from the 1965-1967 study were 
obtained during the first 3 months of 1967 (tabIe 
1). The specimens were inoculated into roller 
tube cultures as stated in the Methods section. 
None of the inoculations into rhesus MK, Hep- 
2, HDCS WI26 or W138, AT-39, or HEK cultures 
gave CPE. However, all 9 specimens produced 
CPE on initial passage in HEI tissue culture. 
The CPE was characterized by a gradual elonga- 
tion of the cells throughout the monolayer be- 
ginning on the fifth or sixth day after inoculation; 
specific foci were not evident. Gradually, small 
granular round cells appeared throughout the 
monolayer. The cell sheet was rarely destroyed 
completely. At times uninoculated HE1 tissue 
cultures appeared sbmewhat “stringy,” aId for 
this reason recognition of virus-specific CPE 
was occasionaNy difficult, especially at the be- 
ginning of the study. 

Table 1. Source of “IBV-like” viruses recovered in 
human embrybnic intestine cultures from nasal wash-’ 
ings taken from patients with upper respiratory ill-’ 
nesses 

Patient number Age Sex Date of specimen 

Neutralization rests. Equal volumes of virus 
and fourfold dilutions of inactivated serum (56 
C for 30 min) were incubated at room tempera- 
ture for 2 hr. Two-tenths milliliter of the mix- 
ture was inoculated into each of 2 WI38 cultures. 
These were examined for CPE at a time when a 
simultaneous titration indicated that approxi- 
mately 32-320 TCD,, of virus were present. The 

2 

489 _. . . _. 21 female VW4 
511 . . . . . 33 female 419164, 
515 _. . . 24 female 4/13/64 
840.. . . . . . . 39 male L/23 j67f 
844.. . . . . . . 41 male t/30/67 
862 .._. . ._. 31 male 3/3/67 
865 . . . . 54 female 3/7/67 
868 . . . 36 female 3/P/67 
a79 . . . _ 21 female 3/16/67 

*CPE was visualized in HEI,. but specimen was not 
available for further testing. Therefore WI,. which did not 
show CPE, wai passaged to HEI, which demonstrated typical 
CPE. 

, 
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Electron microscopic and fillration studies. 
HEI culture harvests were clarified and con- 
centrated by ultracentrifugation and examined 
by electron microscopy. Figure 1 shows repre- 
sentative particles~ seen in the harvests of isolate 
489. Morphologically similar particles were seen 
in harvests of each of the other 8 isolates. A 
comparison of the isolates with strain 229E (fig- 
ure 2), and avian IBV (figure 3), revealed their 
remarkable similarity. The particles usually ap- 
peared round or elliptical, but many were some- 
what pleomorphic. A characteristic feature of 
the particles was the widely spaced club- or 
pear-shaped surface projections, which were 
narrow at the base, about 10 rnp wide at the 
outer edge, and approximately 20 rnp in length. 
The mean of the largest diameter (including 
projections) of 67 samples of the 9 isolates was 
152 rnp f 6 rnp (i.e., ~k.2 X standard error [SE] 

of mean) with a range of 104-250 mp; the mean 
of the shortest diameter of these 67 samples was 
107 rnp =t 4 rnp (i.e., ~t2 X SE of mean) with a 
range of 76-l 60 rnp. Details of the morphology 
of this group of viruses have been described else- 
where [7-10, 251. In filtration studies, in which 
Swinnex-25 filter units attached to 20-ml vacuum 
tubes were employed, virus strain 844 passed 

through a 450-mg, 220-mp, and lOO-rnr but 
not a 50-rnp or IO-rnr Millipore filter [26,27]. 

Attemprs to grow agenls in organ cuf/ure 
(O.C.). Attempts were made to cultivate these 
agents in human embryonic tracheal O.C. and 
to detect them by electron microscopy using 
methods described previously [7]. Three pas- 
sages of the original specimens obtained from 
5 of the patients with serologic evidence of 229E 
virus infection (in the 1962-1964 study) were 
made in human embryonic tracheal O.C. Virus 
particles could not be visualized in the third 
passage O.C. harvests by electron microscopy. 
HEI-positive harvests of viruses 489, 511, 515, 
and 844 were also passaged 3 times in O.C., and 
again virus particles could not be visualized by 
electron microscopy. Ciliary action of the organ 
cultures was unaffected by these 4 isolates during 
the 3 passages. Titrations in HE1 or WI38 tissue 
cultures of harvests of first, second, and third 
O.C. passages revealed that growth in 0.C: of 
low-titered inocula of strains 489, 511, and 515 
could not be detected, while a higher-titered 
inoculum of strain 844 appeared to initiate rep- 
lication at a low level (table 2). 

Determinalion of nucleic acid type. Viruses 
489, 511, 515, and 844 were tested for nucleic 

,. ‘, 

Figures l-3. Figure I: two particles found in tissue culture harvests of isolate 489. negatively stained with PTA. The bar in 
all 3 figures represents 100 nip. X144.060. Figure 2: 229E virus, negatively stained with PTA. X 144,CKlO. Figure 3: inrectious 
bronchitis wrus, Beaudettc 42 strain. negatively staind with PTA. X 14J.000. 
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Table 2. Attempts to grow 229E-related viruses in’organ culture 

Titer’ in TCDso/0.2 ml (log,,) Visuakation Of particles by 
electron microscopy of 

Passage history Pooled 
Strain 

of material Pooled Pooled Harvests from indicated day of 
inoculated harvests harvests 3d passage in O.C. 

3d pas- 
Tissue culture harvests 

into O.C. lnoculum 1st pas- 2d pas- (dv) 
sage in z 

assage level) (titer* in 
snge in har- ku,.,o.* ml [log,,)) 

0.c.t 0.c.t 4 7 12 2-12 vests 

489 HEI2 2.5 < I .o < I.0 t1.0 <I.0 < 1.0 < I.0 No Yes(HEIz)(3.5) - 
jli HEI, 3.0 < 1.0 < 1.0 < I.0 t1.0 < I.0 <I.0 No Yes (HE1,)(4.0) 
515 HEI, 2.5 1.5 < 1.0 < I.04 <l.O < I.0 <I.0 No Yes (HEIJ (2.0) 
844 HEI,W138, 5.0 2.0 3.0 N.T. N.T. N.T. 0.5 No Yes W%W138,?j) (5.0) 

* Titrations of viruses 489, 51 I, and 515 were performed in HEI tube cultures, whereas titrations of virus 844 were performed 
in HDCS, WI38 tube cultures. 

t Pools of Ruids harvested at 2-3 day intervals for 12 or 13 days after inoculation. 
$ Day 3. 
5 The same passage as that inoculated into O.C. 

Table 3. Effect of 5-iodo-2-deoxyuridine (5-IUDR) 
and 5-IUDR plus thymidine on virus multiplication 

Infectivity titer in indicated medium* 

Virus Maintenance MM+ MM + IO-“U 
medium 10-‘.J m 5-IUDR & 
(MM)t 5-IUDR IO-‘.“thymidine 

489 __ 3.5 3.5 4.0 
511 4.0 4.0 4.0 
515 
w..... -:_: 

4.0 3.5 3.5 
3.5 4.0 4.0 

Polio virus 
type I (LSC- 1) 5 6.5 76.5 $6.5 

Vaccinia 4.5 <0.8 4.5 

* Infectivity titer expressed as log,, TCD&0.2 ml. 
t MM as described in Materials and Methods. 

acid type. Multiplication of these 4 viruses was 
not inhibited by IO-‘-” M Siodo-Zdeoxyuridine 
(SIUDR), a concentration inhibitory for DNA 
viruses. As seen in table 3, vaccinia virus (a 
known DNA virus} was markedly inhibited by 
S-IUDR while poliovirus type 1 (a known RNA 
virus) was unaffected. Vaccinia virus multiplica- 
tion was not inhibited when lo-’ M thymidine 
was added to the maintenance medium contain- 
ing 5-IUDR. These findings suggest that the 
nucleic acid core of these 4 viruses was RNA. 

Chloroform sensilivify. Table 4 shows that 
all 9 virus strains were inactivated by chloroform. 
The table also shows that a control virus, rhino- 
virus IA (a known chloroform-resistant virus) 
was resistant to inactivation by chloroform, 

Table 4. Stability of 229E-related viruses + 

Chlorororm sensitivity test Acid lability test 
Infectivity titer Infectivity titer 

Virus 
(TCD,o/O.2 ml [log,& (TCD,,/O.2 ml [log,o]) 

Treated with Untrcated 
chloroform 

pH 2.-l+ &I 7.0’ 

489 _. <0.8 2.3 <0.8 3.0 
511 
515. _:-- 

<0.8 4.8 <0.8 4.5 
(I.0 5.0 <0.8 4.5 

840. _.. 4 I.0 73.5 < I .o 3.0 
844 <0.8 2.3 <o.s 4.5 
862 _. <I.0 73.5 <I 0 2.5 
865 < I.0 53.5 <I 0 2.5 
868 11.0 2.5 < 1.0 2.5 
879 . <0.8 3.0 < I .o 3.0 
Rhinovirus 

IA __.__. ,> 3.5 23.5 71.5 53s 
Herpes 

simplex . . <I.0 3.5 N.T. N.T. 
Polio virus 

we 1 
(LSC-I) -. N.-l-. N.T. 5 5.5 76.0 

*3hrat25C. 

while another control virus, herpes si;plex (a 
known chloroform-sensitive virus) was in- 
activated by chloroform. 

Acid Iability. Each of the 9 virus isolates 
exhibited at least a IOO-fold reduction in in- 
fectivity titer after exposure to pH 2.7 for 3 hr 
at 25 C. (table 4). The table also shows that 
rhinovirus IA (a known acid-labile virus) dem- 
onstrated at least a IOO-fold reduction in infec- 
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tivity titer, while the infectivity of poliovirus 

tvpe 1 ( a known acid-resistant virus) was unaf- 
f&ed after exposure to pH 2.7 for 3 hr. 

palhogenicity in WtiCe. Virus strains 489, 
511, 515, and 844 were inoculated into suckling 
mice as described in Materials and Methods. No 
illness was observed in mice inoculated with 
strains 489, 515, and 844; 4 of 8 mice inoculated 
with virus 511 died on the fourth day after in- 
oculation. However, brain suspensions passaged 
intracerebrally and intraperitoneally to addi- 
tional suckling mice failed to Ijroduce illness; in 
,ddition, such SuSpenSiOnS inoculated into WI38 
cultures failed to produce CPE. 

serologic studies. 10-32 TCD,o of each of the 
9 isolates were neutralized by a 1: 160-l: 1280 
dilution of 229E guinea pig antiserum which had 
a homologoUS titer of 1:320-l : 1280 against 32- 
100 TCDso. This would indicate that each of the 
9 isolates was similar, if not identical, to 229~ 
virus. 

in addition, 2 patients had such rises in antibody 
to strain 229E alone, while 2 others had such rises 
only to the strain which they shed. 

Eficiency oJ techniques for detection of virus 
in/ecGon. The CF test was a more sensitive in- 
dex of 229E infection than virus isolation. Table 
6 shows that, during the period of 229E pteva- 
lence in 1966-1967, 22 of 89 individuals exhibited 
evidence of infection; 21 of the 22 developed a 
fourfold or greater CF antibody rise, whereas 

only 9 of the 22 shed virus detectable in HE1 
cultures. 

Table 5 shows that 8 of the 9 patients from 
whom the 229E-related viruses were isolated had 
a significant CF antibody response to 229E virus. 
In neutralization tests, 3 of the 9 virus-positive 
patients exhibited significant increases in anti- 

body to both strain 229E and their own isolate; 

Table 5. Serologic response of individuals from whorn 
229E-related viruses were recovered 

Reciprocal oineu- Reciprocal of neu- 
lralizing antibody Walking antibody Reciprocal 

Patient Serum titer against titer against in- of CF anti- 

number tested 32 TCD,o dicatcd TCDw body titer 

of 229E of patient’s to 229E 

virus isolate virus 

489 . Acute 
Conv. 

511 _ Acute 
Conv. 

515 Acute 
Conv. 

840 Acute 
Conv. 

844 . Aculc 
Conv. 

862 _ Acute 
COW. 

865 . Acute 
Conv. 

868 Acute 
Cow. 

879 Acute 
Conv. 

<4 
16 
24 
64 
8 

64 
4 

32 
<4 
16 

<4 
6 

<4 
12 
24 
64 
24 
24 

<4 (32) <8 
6 (32) 16 

<4 (1Lw 2 
12 (1,000) 16 
6 (32) <2 

24 (32) 8 
4 (32) 4 

24 (32) 32 
<4 (32) a 
24 (32) 532 
24 (32) <4 
48 (32) 16 

6 (10) <4 
16 (IO) 16 
8 (32) 8 

24 (32) 16 
<4 (IO) <4 

8 (10) 8 

Clinical findings. kach of the 9 virus-posi- 
tive patients was cultured either on the day of 
onset (1 of 9) or the day after onset of symptoms. 
Their average age was 33 years, with a range of 
21-54 years. The most common symptoms re- , 
corded were coryza (in all 9), nasal congestion 
(in 8), sneezing (in 7), and sore throat (in 5). 
Less common were headache (in 4), cough (in 
31, muscle or general aches (in 3), ‘and chills and 
feverishness (in 2). The chief complaint in 8 of 
the 9 patients was coryza or nasal congestion; 
1 patient’s chief complaint was sneezing. None 
of the patients had an abnormal temperature 

‘elevation on the day of examination. 
Epidemiologic observations. Sera obtained 

from pediatric patients with acute respiratory 
illnesses from several populations were tested by 
the CF technique for evidence of 229E infec- 
tion. Only 1 of 892 paired sera obtained from 
October, 1962, through August, 1965, from in- 
fants and children admitted to Children’s Hos- 
pital, Washington, D.C., for predominantly 
lower respiratory tract i!lness, exhibited serologic 
evidence of 2298 infection. In a similar study 
of 222 infants and young children admitted to 
ChiIdten’s Hbspital from December, 1966, 
through April, 1967, none of these patients de- 
veloped an antibody rise for 229E virus. In addi- T 

Table 6. Evidence of infection wilh- 229E-related 
viruses during period of prevalence (December, 1966 
through April, 1967) 

Number of individuals 

Virus Virus not Total 

isolated isolated 

CF antibody rise . _ 8 13 21 
No CF antibody rise I 61 68 

- 
Total 9 80 89 
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Table 7. Serologic (dF) evidence of 229E virus infection by month and year in civilian adults with upper respira- 
tory illnesses 

1962 1963 1964 1965 1966 1967 

Months 
NO. 

No. with 
No. 

No. with No. with 

tesled 
>_bfOld t4-fold No. No.wh >4- Nzd >4-ro,d No. No. with 14- No. No. with >4- 

rise lested 
rise tested fold rise rise tested fold rise tested fold rise 

Jan.-Feb. * 24 0 28 2 (7%) 38 1t 26 March-April 5 54 0 (9%) 

22$ 
3 

(14%) 30 0 46 May-June 13 (9%) 27 0 I 0 
18 0 

July-Aug. 
8 0 

. 24 0 19 0 
Sept.-Oct. 

9 0 
_. 4 0 25 0 40 I 35 0 

Nov.-Dec. 28 0 19 0 37 ot 21 3 (14%) ::: I:: 

NOTE. For 1962-1964.5 (2%)of256 had rises: for 1965-1967.23 (7%)of317had rises. 
* Not studied. 
t From December, 1965, through February, 1966, 18 (31%) of 59 parients developed 2Cfold rises to NJH 6.C. viru;strains 

OC38 (664) and OC43 (690): 5 NIH O.C. viruses (663, OC38. OC43, 691, 703) were recovered in O.C. from 5 of these 18 pa- 
tients [7 J. 

$ NIH O.C. virus 501 recovered in 0.C from I patient who did not develop 229E CF antibody rise 17). 

tion, none of 261 paired sera obtained from June, 
1964, through June, 1965, from infants and young 
children with predominantly lower respiratory 
tract illnesses studied in Jamaica, Trinidad, 
Hong Kong, Cairo, Singapore, or New Delhi as 
part of a World Health Organization collaborative 
program, demonstrated evidence of 229E in- 
fection [28]. 

In the first period of the cross-sectional study 
of acute respiratory illness among NIH ern- 
ployees which extended from October, 1962, to 
May, 1964, infection with strain 229E was not 
detected for the first 15 months of the investiga- 
tion (table 7). During the next 4 months, 5 of 50 
patients studied developed a CF antibody rise to 
229E virus. Over-all, in the first period, 5 (2%) 
of 256 patients exhibited serologic evidence ,of 
229E virus infection. During the second period, 
which extended from September, 1965, through 
August, 1967, 229E virus infection was detected 
during 2 separate 4- and 5-month intervals. In- 
fection was infrequent during the first interval, 
from October, 1965, through January, 1966; but 
during the second interval, from December, ‘1966 
through April, 1967, 21 (24%) of 89 patients de- 
veloped a rise in CF antibody to strain 229E. 
Over-all, during the 1965-1967 period, 23 (7%) 
of 317 patients exhibited serologic evidence of 
infection. During the interval in which 229E was 
prevalent, infections. with rhinovirus and other 
cytopathic or hemadsorbing viruses were un- 
common. Detailed data will be published in the 
future. As indicated previously, serologic evi- 

dence of infection with 229E virus was not de- 
tected among pediatric patients hospitalized 
with predominantly lower respiratory tract ill- 
ness in the Washington, D.C., area during the 
interval when 229E virus was prevalent among 
adults with upper respiratory tract illness. 

During- 1965-1967, 152 (48%) of ‘317 adults 
studied had detectable CF antibody (1:4 or 
greater) for 229E virus, while 48 (15%) had serum 
antibody levels of I:8 or greater. In contrast, 
only 4 (2%) of 222 infants and young children 
studied during the period December, 1966, 
through April, l9@7, possessed serum CF antibody 
at a titer of I :4 or greater, 

Discussion .. . 

Viruses resembling avian IBV’ and ‘MHY in 
morphology have recently emerged as possible 
important etiologic agents of acute upper res- 
piratory illnesses in adults. Only 12 isolations 
from ., natural infections have been reported: 
B814, the first “IBV-like” virus isolated from 
man could be cultivated only in human embryonic 
tracheal 0-C. [5]; 229E and 4 serologically identi- 
cal strains were recovered in HEK cultures [6]; 
and 6 NIH O.C. strains (501, 663, OC38 [664], 
OC43 [690], 691, and 703) were isolated in hu- 
man embryonic tracheal O.C. [7]. Two of the 
6 NIH O.C. strains (OC38 and OC43) were sub- 
sequently adapted to suckling mouse brain, but 
none of the 6 strains grew in monolayer tissue 
culture [29]. The 9 strains recovered in this study 



were found to be similar, if not identical, to strain 
229E by one-way neutralization tests and, in 
addition, to possess similar morphologic and bi- 
ophysical properties. 

The 9 229E-related strains were recovered on 
initial passage in semi-continuous HEI tissue 
cultures; they could not be isolated on initial 
passage in conventional tissue cultures. In addi- 
tion, since the technique of O.C. passage followed 
by electron microscopic examination of pooled, 
concentrated O.C. harvests had proved to be a 
sensitive system for the recovery of NIH O.C. 
viruses, this technique was applied both to sev- 
eral clinical specimens yielding agents resembling 
strain 229E and to several tissue-culture-adapted 
strains as well. In all cases, attempts to detect 
virus by electron microscopy in O.C. harvests 
failed, although titration of such harvests showed 
in 1 case that low-grade replication of virus prob- 
ably occurred. It appears, therefore, that HEI 
tissue culture is preferable to 0-C. for isolation 
of certain strains of “IBV-like” viruses such as 
these 229E-related agents. It should be noted, 
however, that the 6 “IBV-like” strains recovered 
in O.C. in this laboratory could not be adapted 
to grow in HE1 tissue culture [K. McIntosh, 
unpublished studies]. Therefore, for isolation 
of “IBV-like” viruses, it would appear to be 
necessary to employ both HE1 tissue culture and 
O.C. However, additional ways to facilitate the 
growth of “IBV-like” viruses such as 229E and 
others must be found since HE1 cultures, al- 
though more sensitive than any conventional 
tissue culture or O.C. system, were much less 
sensitive than the mehsurement of CF antibody 
rises for detection of 229E infection. 

The serologic survey of 229E virus infection in 
various population groups revealed that infection 
with this agent was rare in infants and children 
with lower respiratory tract illnesses. In the 1962- 
1964 study of upper respiratory tract illness 
a,mong adults, 5 (2%) of 256 individuals had sero- 
logic evidence of 229E infection. It was note- 
worthy that these 5 infections occurred from 
January through April, 1964, when rhinovirus 
and other known respiratory virus infections 
were uncommon but upper respiratory tract ill- 
nesses were prevalent; during this period 229E 
virus infection was associated with 5 (10%) of the 
50 illnesses sampled. In the 1965-1967 study of 
upper respiratory tract illness in adults, 23 (7%) 
of 3 I7 patients developed serologic evidence of 
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229E infection. It was striking that 21 of the 23 
infections occurred during a Smonth period 
(December, 1966April, 1967) when infections 
with rhinoviruses and other cytopathic or hemad- 
sorbing viruses were uncommon while upper res- 
piratory tract illness remained prevalent. Dur- 
ing this S-month period, 21 (24%) of 89 patients 
studied developed serologic (CF) evidence of 
229E infection. It was previously reported that 
5 NIH O.C. viruses were recovered in O.C. from 
specimens obtained from 9 patients during a 3- 
month period of the previous year (December, 
l965-February, 1966) [7]. In addition, in a sero-, 
logic survey using as antigen 2 serologically iden- 
tical NIH O.C. viruses (strains OC38 and OC43) 
originally recovered in O.C., and subsequently 
adapted to grow in the brain of suckling mice, 
I8 (3 1%) of 59 patients (including the 5 patients 
above who yielded NIH O.C. viruses) developed 
serologic evidence of infection with these viruses 
during this 3-month period (December, l965- 
February, 1966) [29]; only 1 of the 59 patients 
developed a CF antibody rise to 229E virus dur- 
ing this period. It was of interest that, in these 
CF antibody surveys, patients with serologic evi- 
dence of 229E infection rarely developed con- 
current CF antibody rises to the OC38 and OC43 
mouse brain antigens (301. 

These observations suggest that “IBV-like” 
viruses may be etiologic agents of a portion of 
respiratory illnesses which occur during the win- 
ter season, when the prevalence of rhirlovirus and 
other known respiratory virus infections is often 
low, but that of upper respiratory tract illnesses 
quite high [2-41. ’ 

The occurrence of a typical common-cold-like 
illness in the 9 patients from whom. 229E-like 
viruses were isolated is consistent with the clini- 
cal findings in volunteer studies with B814 and 
229E viruses [5, 111. 

Summary 

Nine virus strains resembling “IBV-like” virus 
2298 of Hamre were recovered in human fetal 
intestine fibroblast cultures from nasopharyngeat 
washings of adults with acute upper respiratory 
tract disease. Eight of the 9 virus-positive in- 
dividuals developed serologic (CF) evidence of 
229E virus infection. The virus isolates exhibited. 
properties typical of the “IBV-like” virus group: 
distinctive morphology, resistance to 5-IUDR, 
and chloroform sensitivity. Measurement of CF 
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antibody response was found to be approximately 
twice as sensitive as virus recovery for detection of 
infection. Standard monolayer tissue cultures as 
well as human fetal tracheal O.C. were ineffec- 
tive for recovery and recognition of the 229E re- 
lated isolates. A seroepidemiologic survey in- 
dicated that 229E virus infection was rare in 
children with lower respiratory tract disease. 
However, such infection occurred in IO%-24% of 
adults with upper respiratory tract illnesses dur- 
ing 2 of 4 winters-a season when rhinovirus in- 
fection was uncommon but respiratory disease 
morbidity was high. 
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Rotaviruses are the single most important etiologic 
agents of severe diarrhea1 illness of infants and young 
children world-wide (24,124,171,288,336,342,348,355). 
Although diarrheal diseases are one of-the most com- 
mon illnesses of infants and young children throughout 
the world, they assume a special significance in less 
developed countries, where they constitute a major 
cause of mortality among the young. 

The scope of the problem in the United States was 
highlighted during the Cleveland Family Study; in this 
study, infectious gastroenteritis (considered nonbac- 
teriql) was found to be the second most common dis- 
ease experience, accounting for 16% of approximately 
25,000 illnesses over a period of about 10 years (139). 
Although diarrheal diseases are not a prominent cause 
of mortality in infants and young children in the United 
States, a recent analysis revealed that between 1973 
and 1983,5539 children 1 month to 4 years of age died 

A.Z. Kauikian and R. M. Chanock: Laboratorv of Infec- 
tious Diseases, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Bethesda, Maryland 
20892. 

from.diarrheal diseases (average 504 deaths per year); 
this comprised 2% of the total postneonatal deaths or 
10% of the preventable porlion (284). 

The toll from diarrheal diseases in developing coun- 
tries is staggering. An analysis of vital statistics by the 
World Health Organization indicates that diarrhea1 dis- 
eases are responsible for a lzirge proportion of the total 
reported depths in developing countries, accounting 
for as many as 15-34% of all deaths annually in certain 
countries (742). It is likely that most of these deaths 
occurred primarily during infancy and early childhood. 
In 1975 it was estimated that 450,OOO.OOO diarrheal ep 
isodes occurred in infants and young children less than 
5 years of age in Asia, Africa, and Latin America and 
that l-4% of the episodes were estimated to be fatal 
(553). In this estimate, the deaths of 5-18 million in- 
fants and young children were attributed to diarrhea1 
illness. More recently, it was estimated that in these 
regions there were 3-5 billion cases of diarrhea and 5- 
10 million deaths associated with diarrhea in a l-year 
period (1977-1978), ranking diarrhea first among in- 
fectious diseases in the categories of both frequency 
and mortality (723). In another analysis of selected 
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. ..c..i. ,.“, studies, it was estimated that 144 m iIIi&i ‘fii’1 Elibti 
diarrhea1 episodes and 4.6 m illion deaths from  diarrhea 
occur every year in children less than 5 years of age 
in Africa, Latin America, and Asia (excluding China) 
(613). 

HISTORY 

Despite the magnitude of the problem of infantile 
diarrhea1 diseases, the search for important etiologic 
agents-bacterial, viral, or parasitic-was unreward- 
ing until the 1970s. This was especially disappointing 
for virologists because with the advent of tissue culture 
technology, scores of enteric viruses were discovered 
in the 1950s and 196Os, but none was found to be an’ 
important etiologic agent of infectious diarrhea 
(116,122,333,460,774). 

This frustration ended with the discovery in 1972 by 
Kapikian et al. (354) of the 27-nm Norwalk tirus and 
its association with viral gastroenteritis in older chii- 

,. ” 
I.‘, 

&en. &d &h.&~~ll~iQed by the discovery in 1973 by 
Bishop et al. (48) of the 70-nm human rotavirus and 
its association with severe diarrhea in infants and 
young children. Both of these fastidious agents were 
discovered without the use of tissue culture technol- 
ogy; by necessity, their identification relied on direct 
visualization by electron m icroscopy. The Norwalk 
virus was identified in feces by immune electron m i- 
croscopy, whereas the first human rotavirus was vis- 
ualized b$ thin section electron m icroscopy of duo- 
denal mucosa. Shortly afterwards, rotavirus was 
identified in feces by electron m icroscopy by Flewett 
et al., Bishop et al., and ofherS (49,177,352,451). The 
Norwalk virus is the cause of 40% of community out- 
breaks of nonbacterial gastroenteritis in older children 
and adults, and althqugh this virus is associated with 
m ild gastroenteritis in infants and young children, it is 
not the cause of severe diarrhea in this age group 
(24,124,348). 

It soon became apparent that the 70-nm particle (Fig. 
I), subsequently designated roravirus, was an impor- 

FIG. 1. Human rotavirus particles observed in a stool filtrate (prepared from a stool of an infant 
with gastroenteritis) after incubation with phosphate-buffered saline and further preparation for 
EM. The particles appear to have a double-shelled capsid. Occasional “empty” particles are seen. 
Scale bar: 100 nm. (From refs. 332 and 352 with permission.) 
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tant etiologic agent of infantile diarrhea, causing 35- 
50% of hospitalization for this condition during the first 
2 years of life (171,288,342). In a relatively short pe- 
riod, investigators from many countries reported the 
detection of rotaviruses in feces of pediatric patients 
with diarrhea1 illness, and it was soon apparent that 
rotaviruses were the long-sought-after major viral eti- 
ologic agents of severe diarrhea of infants and young 
children. 

Although the human rotaviruses were discovered in 
1973, it should be noted that in 1963, Adams and Kraft, 
using thin-section electron microscopy, described 
virus-like particles in intestinal tissue of mice infected 
with the epizootic diarrhea of infant mice (EDIM) virus 
(1,22). These particles were similar to those observed 
by Bishop et al. (48). In 1963, Matherbe et al. (408) 
described the isolation of a 70-nm virus designated SA- 
11 (simian agent I I). This virus, derived from a rectal 
swab obtained from a healthy vervet monkey, was re- 
covered in vervet monkey kidney cell culture. In 1967, 
Malherbe and Strickland-Cholmley (409) described an- 
other virus similar to SA-I I, the 0 (Offal) agent. The 
0 agent was isolated in vervet monkey kidney cell cui- 
ture from the mixed washings of intestines of cattle 
and sheep. In addition, in 1969, Mebus et al. (444) dem- 
onstrated the presence of 70-nm virus particles in 
stools from calves with a diarrhea1 illness and showed 

\ that this agent could be passaged serially in calves with 
/ production of disease. In 1971, Mebus et al. (443) re- 

ported successful cultivation of the Nebraska calf diar- 
rhea virus (NCDV) in primary fetal bovine cell cul- 
tures; in 1972, Femelius et al. (173) reported that the 
NCDV resembled the reoviruses morphologically but 
was distinct antigenically. The mm-me, simian, 0, and 
bovine agents were later found to exhibit characteristic 
rotavirus morphology and to share agroup antigen with 
other rotaviruses (180,338,339,352,388,466). 

In 1943, Light and Hodes (393) induced a diarrhea1 
illness in calves by feeding a filtrate of stools from 
infants with diarrhea. About 30 years later, following 
the detection of human rotaviruses, rotavirus particles 
were visualized in a stool filtrate from a calf that de- 
velobed illness during this study (285,286). Unfortu- 
nately, it could not be determined whether these par- 
ticles represented human or bovine rotavirus. 

CLASSIFICATION 

ROtdVhSeS are classified as a genus in the family 
Reoviridae (430). This family contains six distinct gen- 
era: Reovirus, Orbivirus, Rotavirus, Phytoreovirus, 
Fijivirus, and a presently unnamed group of cyto- 
plasmic polyhedrosis viruses. Antigenically, rotavi- 
ruses are distinct from the reoviruses by complement 
fixation (CF) and immune electron microscopy (IEM), 

from type 1 reovirus by neutralization, from reovirus 
types 2 and 3 by radioimmunoassay (RIA), from a large 
number of orbiviruses by CF, and from bluetongue 
virus by IEM (130,181,327,338,339,352). Rotaviruses 
have not been tested serologically against the other 
genera of the Reoviridae. Classification is described in 
detail in Chapters 2,45. and 48. 

INFECTIOUS AGENTS 

Morphology and Morphogenesis 

Rotaviruses have a distinctive morphologic appear- 
ance by negative-stain electron microscopy. Complete 
particles measure -70 nm in diameter and have a dou- 
ble-layered icosahedral protein capsid that consists of 
an outer and an inner layer (Fig. I). Within the inner 
capsid is the core that contains the 1 I segments of dou- 
ble-strand RNA. The complete particles are also des- 
ignated “smooth” particles because the outermost 
margin of the outer capsid layer has a well-defined, 
smooth circular appearance. Single-shelled particles 
measure -55 nm in diameter and are designated 
“rough” particles because they lack the smooth outer 
layer and the capsomeres of the inner capsid project 
to the periphery, giving a circular “bristly” appear- 
ance. The core, which appears to be hexagonal in out- 
line (not shown in the figure), measures -37 nm in 
diameter (156,181,291,352,413,505,518,545). 

The term rotavirus is derived from the Latin word 
“rota,” which means wheel, and was suggested be- 
cause the sharply defined circular outline of the outer 
capsid gives the appearance of the rim of a wheel 
placed on short spokes radiating from a wide hub 
(174,180). Rotaviruses resemble the reoviruses and or- 
biviruses morphologically; thus, morphology alone 
cannot distinguish these viruses (473,489,505,750). 
However, subtle morphological differences can some- 
times be observed. The sharply defined circular outline 
of the outer capsid of rotaviruses differs from the com- 
paratively indistinct outer capsid of orbivinrses; the 
distinct outer capsid of the reoviruses is often not as 
sharply defined as that of the rotaviruses. A small pro- 
portion of human rotavirus preparations may contain 
flattened tubular structures 54-100 nm (mean 70 nm) 
in width and of varying length; these structures have 
been shown by IEM to be related antigenically to the 
virion (162,181,291.367,368,504). In one study, both 
large (75-80 nm in diameter) and small (50 nm in di- 
ameter) tubular structures were observed. By IEM, 
both types of tubules reacted not only with homolo- 
gous human rotavirus antiserum but also with heter- 
oiogous bovine rotavirus antiserum, suggesting that 
these structures were related to the inner capsid (366). 
It has been proposed that they may be the result of 
aberrant assembly of viral capsid material (368). The 
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complete tubular forms may have a cap-like structure 
on either end and are -1000 nm in length. 

Recent studies of the three-dimensional structure of 
unstained, unfixed, double- and single-shelled rotavi- 
rus particles using cryoelectron microscopy and image 
‘processing techniques have yielded some important 
new information on the ultrastructure of rotaviruses 
(524). These and other findings relating to ultrastruc- 
ture and morphogenesis are described in Chapter 48. 

Physicochemical Properties 

Double-shelled (“complete” or “smooth”) rotavi- 
rus particles have a density of I.36 s/cm3 in cesium 
chIoride (CsCI) and have a sedimentation coefftcient 
of 520-530s. Single-shelled particles (“rough”) have 
a density of 1.38 p/cm’ and a sedimentation coefficient 
of 380-400s (77,156,244,339,350,519,545,546.645). 
“Empty” particles (penetrated by negative stain when 
viewed by electron microscopy) have a density of 
1.29-l .30 g/cm” in CsCI (156,545,645). Infectivity is 
associated with the double-shelled particles (1.36 g/ 
cm3). The buoyant density of the core particle is 1.44 
g/cm’ in CsCf, and its sedimentation coefficient is 280s 
(38). 

The infectivity of SA-1 I virus as measured by plaque 
titration in tissue culture is stable or relatively stable 
following treatment with ether, genetron, chloroform, 
repeated freeze-thawing, sonication. or incubation at 
37°C for I hr or at ambient temperature (25°C) for 24 
hr (169). After 5 min incubation at 50°C. SA-I I loses 
80% of its infectivity; after 30 min, 99% of infectivity 
is lost (169). Incubation with trypsin enhances infec- 
tivity of SA-1 I and is necessary for infectivity of 
human rotaviruses for tissue culture (167,372,580,603). 
The enhancement of viral infectivity by proteolytic en- 
zymes such as trypsin, pancreatin, or elastin is now 
recognized as essential for isolation and cultivation of 
human rotaviruses and other fastidious strains 
(169,206,531,580). At pH 3.5 or 10.0, SA-I I retains 
infectivity, although there is some loss of titer (505). 
Below pH 3.0 or above pH 10, the outer capsid of 
human rotavirus collapses, but the particles do not dis- 
integrate. Following exposure to acid buffers at a pH 
of 2.0 or to stomach acid at a pH of 1.8 or 2. I, rota- 
viruses are rapidly inactivated (729). The inactivation 
of rotavirus at low pH observed in this and other stud- 
ies is an important property that must be taken into 
consideration in vaccine development because major 
emphasis is being given to live oral vaccines (243,707). 
Hemagglutination activity is reduced following treat- 
ment with chloroform, following repeated freezing and 
thawing, or incubation at low pH (pH 2.0) and is lost 
following treatment with ethanol or methanol. it is not 
reduced by treatment with alkaline solutions (pH 10.6) 
or diethylether (45). 

SA- 11 loses most of its infectivity following incu- 
bation in 2M MgCl2, CaCl*, or NaCl for 15 min at 50°C. 
whereas infectivity is stable in MgS04 (596). SA-II 
also loses most of its infectivity after freezing in 2 M 
MgC& or 2 M CaC12. Infectivity of human rotavirus is 
stabilized by low levels of CaClz (I .5-15 mM) or stron- 
tium chloride (0.15-15 mM) but not by MgCl2. 

Human rotavirus and SA- 11 lose infectivity follow- 
ing treatment with chelating agents such EDTA or 
EGTA (169). Chelating agents convert double capsid 
particles (density of 1.36 g/cm’ in CsCI) to single capsid 
particles (density of 1.38 g/cm’) by reducing the con- 
centration of calcium; this cation is necessary for main- 
tenance of intact virions (I 14,587). ,The loss of the 
outer shell apparently activates the endogenous RNA 
polymerase. 

Chaotropic agents such as CaCIZ or potassium thi- 
ocyanate degrade calf rotavirus single capsid particles 
to 37-nm core particles with a density of I .44 g/cm’ in 
CsCIZ (38). This change is associated with loss of po- 
lymerase activity. 

Hospital disinfectants such as ethanol, 0.95 by vol- 
ume (95% v/v), and Biogram (a chlorinated phenolic 
compound), 5% v/v, are more effective than 4% or IO% 
w/v formaldehyde for inactivation of SA-I1 (64,647, 
648,704); 95% ethanol is the most effective of the dis- 
infectants thus far tested (45,647). Sodium hypochlor- 
ite solution containing 11% available chlorine (chloros) 
used at a 3% solution is not effective in reducing in- 
fectivity of lamb rotavirus (607). An extensive survey 
of the effect of numerous commercially available’dis- 
infectant formulations on the infectivity of rotaviruses 
has demonstrated the relative resistance of human ro.- 
taviruses to a wide range of other chemical disinfec- 
tants in common use (397,620). 

Genetics 

The genetics of rotaviruses, including the gene or- 
ganization and the coding assignments, are presented 
in detail in Chapter 48. Only key points that relate to 
the present chapter are presented here. 

Genome 

The rotavirus genome contains 11 segments of dou- 
ble-strand RNA which range in molecular weight 
(MW) from 2 x IO5 to 2.2 x 10h daltons (171.288,324, 
328.329,440,489,545,673). The estimated MW of the 1 I 
segments is II x 10’ to 14 x Iod daltons. The RNA 
segments fall into four size classes based on contour 
length measurements by electron microscopy and con- 
firmed by nucleotide sequence analysis of nine of the 
11 genes (see Chapter 48). The distribution of the 11 
segments into these four size classes is evident using 



K-zgolyacrylamide gel electrophoresis (PAGE) of RNA 
>,[Fig. 2) (165,205,328). Characteristically, these RNA 
segments are numbered in order of migration during 
PAGE, with the slowest RNA segment designated 
gene 1, etc. There are four large segments, two medium 
segments, three smaller segments, and the two small- 
est segments. This pattern contrasts with that of the 
reoviruses, which contain 10 RNA segments that are 

, distributed into three size classes-large, medium, and 
small. These size designations are relative because the 
10th (i.e., smallest) RNA segment of reovirus is larger 
than the live smallest segments of rotavirus (288). 

Some rotaviruses do not display the characteristic 
RNA migration pattern described above. For example, 
murine rotavirus segment IO migrates close to segment 
11 (605); avian rotavirus segment 4 migrates close to 
segment 5, and segments 10 and II are difficult to re- 
solve (674); segment 11 was missing from a bovine ro- 
tavirus and appeared to be transposed between seg- 
ments 6 and 7 (522); and two lapine rotaviruses had 
patterns of 4,3,3,1 and 4,2,4,1 instead of the usual 
4,2,3,2 distribution shown in Fig. 2 (672). In some 
human rotavirus strains, the 10th and 1 Ith RNA seg- 
ments migrate more slowly than usual, yielding a 
“short” pattern characteristic of almost all subgroup 
1 human rotaviruses (which are, in almost every in- 
stance, serotype 2) (325,382,542). A human strain with 

-“F “long” RNA pattern was recently described which 
kxhibits the unusual combination of subgroup 1 and 
serotype 3 antigenic specificities (371,476). Moreover, 
several “super-short” patterns of RNA migration in 
which the 10th gene segment migrated even more 
slowly than the “short” pattern rotavituses have been 
observed for viruses recovered from humans and bo- 
vines (6,421,522). These strains also exhibit subgroup 
I antigenic specificity. In addition, several human, por- 
cine, bovine, ovine, rodent, and avian rotavirus 
strains, which do not share the common group antigen 
of conventional (Group A) rotaviruses, have quite dis- 
tinct RNA migration patterns (59,71,75,171,311,312, 
440,511,543,676). Such strains have been designated 
non-group A rotaviruses (also referred to as “parar- 
otaviruses”). 

Because human rotaviruses initially could not be 

I II 

propagated in tissue culture, comparison of the migra- 
tion patterns of RNA during PAGE became an im- 
portant laboratory and epidemiologic technique for 
characterization of strains (165,542). The term “elec- 
tropherotyping” was applied to this method of differ- 
entiating strains (542). It soon became apparent that 
human rotaviruses exhibited a wide variety of electro- 
pherotypes and that these patterns differed from those 
observed with animal rotavirus strains. Furthermore, 
rotaviruses derived from animals exhibited a species- 
specific pattern (or set of patterns). However, it was 
not known whether differences or similarities in elec- 
trophoretic pattern had any relationship to antigenic 
specificity of the human strains as defined by neu- 
tralization (i.e., serotype). Subsequent studies indi- 
cated that viruses of the same serotype can exhibit 
different electropherotypes and that viruses of the 
same electropherotype can belong to different sero- 
types (29,193,218). 

The extent of genetic relatedness among rotavirus 
strains has also been studied using labeled (+)ssRNAs 
transcribed from viral cores as hybridization probes as 
shown in Fig. 3 (186,187,189,193,196,252.428,453, 
456,628). The (+)ssRNAs represent messenger RNAs 
that are transcribed from the negative strand of ge- 
nomic RNA by the viral polymerase. These 
(+)mRNAs appear to be colinear and coterminal with 
genomic (-)RNA. None of the 32P-labeled (+)ss- 
RNAs transcribed from the Wa strain of human ro- 
tavirus hybridize with denatured dsRNAs of the bo- 
vine NCDV or simian rotavirus SA-1 I to yield labeled 
dsRNAs with an electrophoretic mobility character- 
istic of genomic RNA. Similarly, (+)ssRNAs of 
NCDV do not hybridize with denatured dsRNA of Wa 
strain or SA-1 I to yield labeled dsRNA with the elec- 
trophoretic mobility of genomic RNA. Also, 
(+)ssRNA probes transcribed from SA-I I exhibit 
specificity when tested against .genomic RNA of Wa 
or NCDV. 

Examination of rotaviruses obtained on a single day 
from children with gastroenteritis in Venezuela re- 
vealed numerous electropherotypes by PAGE (193). 
However, when these rotaviruses were tested with hy- 
bridization probes prepared from the human Wa (se- 
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FIG. 2 Polyacrylamide gel electrophoresis pattern of RNA from human rotavirus strain D (se- 
rotype I, subgroup II). The 11 segments of double-strand RNA comprising the rotavirus genome 
are identified. (From refs. 328 and 751 with permission.) 
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FIG. 3. RNA-RNA hybridization as used for (a) study of 
genetic relatedness among rotaviruses and (b) analysis 
of ggnotype of rotavirus reassortants. Single-strand (ss) 
=P-labeled RNA transcripts (probe) of the bovine UK ro- 
tavirus or the human D rotavirus were hybridized to den- 
atured, genomic double-strand (ds) RNAs of the UK or D 
rotavirus (reaction of D transcripts with UK genomic 
RNAs not shown). After hybridization at 65°C for 14 hr, 
the hybridized RNAs were pelleted and subjected to poly- 
acrylamide gel (10%) electrophoresis. The resulting pat- 
tern was visualized by autoradiography. Note that incu- 
bation of denatured human D rotavirus dsRNAs with the 
bovine UK rotavirus ss probe did not result in formation 
of genomic length hybrids visualizable by autoradiog- 
raphy (first lane). However, the homologous reaction of 
ss-labeled bovine UK rotavirus probe and bovine UK ro- 
tavirus dsRNAs yielded hybrids that exhibited the elec- 
trophoretic mobility of bovine rotavirus genomic RNAs 
(second lane). Similarly, in a homologous reaction the ss 
human D rotavirus probe produced hybrids with the elec- 
trophoretic mobility of human D rotavirus genomic RNAs 
(fifth lane). Analysis of reassortant 47-l-i indicated that 
only the ninth gene was derived from its human 0 rota- 
virus parent, whereas the remaining 10 genes were de- 
rived from its bovine UK rotavirus parent. (Courtesy of Dr. 
Karen Midthun; after ref. 252 with permission.) 

rotype 1) or DS-I (serotype 2) virus, the RNA seg- 
ments of each rotavinis hybridized .significantly to 
either the Wa probe or the DS-I probe but not to both. 
This observation led to the suggestion that there are 
at least two distinct families of human rotavirus 
(191,193). Additional studies revealed that gene seg- 
ments with similar migration patterns by PAGE did not 
necessarily exhibit homology by hybridization: con- 

i virsely; sbirie’$ne segments thai exhibited homology 
by hybridization varied in their electroptioretic migra- 
tion (193). 

Gene Coding Assignments 

The polypeptides comprising the capsids of human 
and animal rotaviruses appear to be similar. There has 
been some disagreement concerning (a) their number, 
(b) their precise location in the inner or outer capsid, 
(c) their molecular weight, (d) whether they are- struc- 
tural or nonstructural, and (e) whether they are gly-. 
cosylated or nonglycosylated (I 71.288). Also, coding 
assignments for some genes are still in dispute. How- 
ever, it appears that there is general agreement on the 
coding assignments for most genes (see Chapter 48). 

The gene coding assignments were established in 
various ways, including: (a) correlatidn of phenotype 
and genotype following the reassortment of genes dur- 
ing coinfection by two distinct rotaviruses; (b) atialysis 
of the reaction of monoclonal antibodies with various 
gene products; (c) isolation of individual dsRNA seg- 
ments followed by in vitro translation of the fraction- 
ated denatured dsRNAs and analysis of the polypep- 
tide products; and (d) translation of isolated 
( + )ssRNA transcripts produced by the viral polym- 
erase, followed by identification of the products. The 
peptides of SA-I I have be&n studied more thoroughly 
than those of other rotaviruses, in part because this 
virus was among the first of this group of agents to be 
propagated efficiently in cell culture (408). As shown 
in Fig. 4, RNA segments I, 2, 3, and 6 code for the 
inner capsid polypeptides VPI, VP2, VP3, and VP6, 
respectively; segments 4 and 9 code for the major outer 
capsid polypeptides VP4 (formerly designated VP3 but 
renamed VP4 when RNA segment 3 was conclusively 
found to encode a structural protein) and VP7, re- 
spectivelL (396). Segment II codes for a polypeptide 
of uncertain location which may be the precursor to 
the minor outer capsid polypeptide VP9 or may be a 
nonstructural protein (171,184,419). Segments 5, 7, 8, 
and 10 code for nonstructural proteins. 

VP4 is cleaved by proteolytic enzymes such as tryp- 
sin to form cleavage products designated VP5* (MW 
60,000) and VPS* tMW 28,000). Proteolytic cleavage 
of VP4 protein potentiates infectivity by enhancing 
penetration of virus into celk. VP4 is a multifunctional 
protein because, in addition, it has the following func- 
tions: (a) It is responsible for hemagglutination activity 
of certain rotaviruses; (b) it plays an important role in 
virulence of heterologous rotaviruses for mice; and (c) 
it induces neutralizing antibodies that can protect 
against experimental rotavirus illness (297,299,323, 
373,419,491,497). The 6th gene product encodes VP6, 



which’ contains the major subgroup antigen as well as 
the antigen that acts as the main determinant of group 
reactivity. The 9th gene (or 7th or 8th gene in certain 
viruses) encodes the neutralization protein VW, which 
is largely responsible for serotype specificity defined 
by neutralization with hyperimmune antiserum (419). 

Propagatioh and Assay in Cell Culture 

Although various animal rotaviruses, such as SA-11 
and the 0 agent, grow readily in cell culture, the human 
rotaviruses are rather fastidious agents; until recently, 
these viruses had not been grown efliciently in any 
tissue culture system (4,9,! I, !9,25.!42, !66,409,425, 
437,439,44!,443,463,582,662,663,680,690,745,747, 
756). Initially, human rotaviruses were observed to in- 
duce an abortive infection of cells in culture; viral an- 
tigens were produced, but infectious virus could not 
be passaged serially. The first human rotavirus that 
grew well and could be passaged serially in cell culture 
was a mutant of the Wa human rotavirus (serotype I) 
that emergedduring 11 serial passages of this strain in 
gnotobiotic piglets (748). Efficient growth Qf the mu- 
tant required pretreatment of virus with trypsin. 

Because attempts to propagate the noncultivatable 
human rotavirus DS-1 (serotype 2) in piglets were not 
successful, another strategy to cultivate this virus was 
adopted (250). This strategy took advantage of the 
well-known property of the Reoviridae to undergo ge- 
netic reassortment with high efficiency during coin- 
fection in cell culture. Cell cultures were coinfected 
with a “noncultivatab1.e” human rotavirus (such as 
OS-!) and a cultivatable bovine rotavirus ts mutant. 
Subsequently, the growth yield from the coinfected 
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cultures was analyzed for cultivatable reassortants 
(i.e., viruses with a mixed genotype) which were phe- 
notypically similar to the human rotavirus parent. Res- 
cue of noncultivatable human rotavirus was achieved 
using 2 types of selective pressure which favored cul- 
tivatable reassortants with the neutralization specific- 
ity of the human rotavirus parent: (a) The bo.yine.ro- 
tavirus ts mutant parent and reassortant bearing IS 
genes were selected against by incubating cultures in- 
oculated with the growth yield at restrictive temper- 
ature; and (b) viruses with bovine rotayirus neutrali- 
zation specificity were selected against by incubating 
the growth yield with bovine rotavirus antiserum. The 
reassortants that were selected in this manner grew 
efficiently in cell culture, produced plaques at the re- 
strictive temperature, had the neutralization specific- 
ity of the noncultivitable human rotavirus parent, and 
were of mixed genotype. With this technique, 33 of 52 
human rotaviruses were successfully rescued, and the 
serotypic diversity of these viruses was demonstrated 
by conventional neutralization assays (255). In addi- 
tion, as noted before, these studies yielded information 
concerning the genes that code for certain rotavirus 
proteins, such as (a) proteins that stimulate neutral- 
izing antibodies (i.e, VP4 and VP7). (b) protein bearing 
the subgroup antigen (i.e., VP6), and (c) the protein 
responsible for restriction of growth of human rota- 
viruses in cell culture (i.e., VP4). It should also be 
noted that the generation of rcitavirus reassortants mayi 
have an important application in development of vac- 
cines, as will be described., 

Recently, efficient techniques were developed f&r 
the direct cultivation of most human rotaviruses in cell 
culture (580,695). This was achieved by pretreatment . 
of virus with trypsin (10 kg/ml), incorporation of tryp- 
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FIG. 4. The figure on the left is a schematic representation of the rotaviru‘s double-shelled par- 
ticle. The figure on the right (from ref. 524) shows surface representations of the three-dimen- 
sional structures of a double-shelled particle (on the left half) and a particle (on the right half) 
&which most, if not ail, of- the, quler shell and a small portions of the inner shell mass have been 
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sin (1 &ml) in the maintenance medium, the use of 
roller tube cultures of simian MA104 ceils, and incu- 
bation of inoculated cultures at 37°C. Following growth 
in roller tube cultures, most human rotavirus strains 
also produced plaques under an overlay medium con- 
taining 0.6% purified agar, 3 &ml acetylated trypsin. 
and 50 *g/ml DEAE dextran. Virus in over 75% of fecal 
samples known by other tests to be rotavirus-positive 
can be cultivated successfully ip roller tube cultures 
using the above procedures. However, this method has 
not proved to be efficient for the cultivation of rota- 
viruses from rectal swab specimens. Primary AGMK 
or cynomoigus MK cell cultures may be more efticient 
than MA104 cultures for isolation of rotaviruses from 
clinical specimens (273,726). The non-group A rota- 
viruses are also fastidious viruses, since only one non- 
group A rotavirus (a strain belonging to group C) has 
been successfully grown in cell culture (566.661). 

ANkGENIC COMPOSITION 

Designation of Serotypes and Subgroups 

Human rotaviruses were initially studied for anti- 
genie relationships by IEM, enzyme-linked immuno- 
sorbent assay (ELBA), specific CF, and neutraliza- 
tion of foci of abortive infection in cell culture 
(32,lS2.199,550,670.773,777). These foci were de- 
tected by immunofluorescence. and hence the tech- 
nique was designated neutralization of immunoflu- 
orescent foci (NIFF) (32,182,670). Initially, strains 
derived from cross-sectional studies were classified by 
speciticCF or ELBA into two distinct groups desig- 
nated types 1 and 2 (199.773.777). in addition, rota- 
viruses were classified by the NlFF technique into 
three distinct groups (32). It was generally assumed 
that the various techniques just described measured 
the same antigenic specificity and that once the fas- 
tidious .human rotaviruses were cultivated in cell cui- 
ture, conventional neutralization assays would con- 
firm the relationships established in the earlier studies. 

The situation became more complex when analysis 
of rotaviruses from humans and a variety of animal 
species was performed by the immune adherence hem- 
agglutination assay (IAHA) (335,337). Calf rotaviruses 
(NCDV or UK), the 0 agent, rhesus rotavirus, and the 
DS-1 strain of human rotavirus reacted with type I 
antiserum that had been defined previously by CF and 
ELISA. Thus, certain animal rotaviruses appeared to 
belong to the same antigenic group as a human rota- 
virus. Up to that time, animal rotaviruses, some of 
which grew in ceil culture, had been considered to be 
antigenicaliy distinct from one another and also from 
human rotaviruses. 

These discordant observations were resolved when * 
examination of reassortants of human rotavirus Wa 
and bovine rotavirus UK revealed that different genes 
coded for (a) the major protein involved in neutrali- 
zation of infectivity and (b) the antigen detected by 
1AHA (326). In view of these findings, it was suggested 
that the term “serotype” be reserved to identify neu- 
tralization specificity and that the term “subgroup” be 
used to identify the specificity that had previously been 
defined by specific CF, IEM, ELBA. and 1AHA (337). 
It was shown that gene 9 of the human Wa virus coded 
for the outer capsid protein VP7, which is primarily 
responsible for neutralization by hyperimmune anti- 
serum, and that gene 6 coded for the subgroup antigen 
which is located on the major inner capsid protein, VP6 
(326). Thus, in designating the antigenic composition 
of a rotavirus. these two specificities must be consid- 
ered. For example, the human Wa virus is serotype I 
and subgroup 11, whereas the human DS-1 virus is se- 
retype 2 and subgroup I. The arabic numbers are re- 
served for serotype, and the roman numerals designate 
subgroup (20). 

‘\ i 

Thus far, with few exceptions, all subgroup I human 
rotaviruses possess slower-moving RNA segments IO 
and 11 (“short pattern”) or an even-slower-moving 
RNA segment IO (“super-short” pattern of serotype 
8) than do subgroup II human rotaviruses (“long pat- 
tern”) (3,6,7,272,325,421,476.621)1 This makes it pos- 
sible to identify subgroup I viruses by PAGE, but this 
technique is not of value in determining the serotype 
of a “long” RNA pattern human rotavirus because 
four serotypes (1,3,4.9) exhibit this pattern 
(31~112,302,749). A single human subgroup Ii strain 
with the “short” pattern has been described (621). 
However, with this exception, human vu-uses with the 
short pattern form a homogeneous group that is se- 
rotype 2 by neutralization. The mobility of the IOth- 
1 I th gene segments of rotaviruses is not helpful in cias- 
sitication of viruses from other species because almost 
ail animal strains tested thus far exhibit the “long pat- 
tern”, although most strains belong to subgroup I 
(302). A “super-short” RNA pattern of two bovine 
rotavirus strains (subgroup 1) were recently described 
(664). Studies with reassortants derived from a human 
subgroup 1 and a human subgroup l! rotavirus dem- 
onstrated that the 10th and I Ith gene segments were 
not involved in subgroup specificity (211,697). It 
should be noted that several human and animal rota- 
viruses have been detected which cannot be classified 
into either subgroup I or II (296,637). 

The development of techniques for cultivation of 
human rotaviruses in cell culture made it possible to 
identify virus serotype by conventional assays which 
include (a) neutralization of cytopathic effect (CPE), 
(b) reduction of virus yield in tube cultures, (c) plaque 
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reduction, and (d) viral interference (219,302.304,383, 
579,636.6S4,696.746). The criterion for establishing a 
distinct serotype is a reciprocal 20-fold or greater dif- 
ference in serum antibody titer when a candidate se- 
rotype is tested against prototype viruses representing 
established serotypes (302,746). With this standard. six 
distinct human rotavirus serotypes have been identi- 
fied (Table 1). The uniformity of serotypes initially 
characterized (i.e., serotypes l-4) in different ioca- 
tions is striking (32,182.698,746,749). The four U.S. 
serotypes appear to be similar, if not identical. to the 
four Japanese serotypes. In addition, the three sero- 
types established in early English studies by NIFF are 
similar to three of the serotypes established by stan- 
dard plaque reduction neutralization (32,182). For this 
reason. the numbering system assigned in the early 
English studies has been adopted (20). 

TABLE 1. Group A rotavirus serotypes determined by 
neutralization* 

Human rotavirus Animal rotavirus 
reference strains reference strains 

Serotype (subgroup) (subgroup) 
1 Wa, K8. KU, D, M37, None 

DB. RV4(li)* 
2 DS-1, S2, KUN, 390. None 

HN126, RV5, 1076 

i (1) 
.I 3 P. M, Walk, 57114 Simian SA-11, 

MO, Ito. Nemoto, Rhesus monkey 
YO, McN, RVl, MMU18006. 
RV3 (II), AU-1 (I) canine CU-1, 

feline (TAKA) (I); 
equine H-2 (not I 
or II), FI-14 (both I 
and ii), El (II): 
lapine Cl 1, ALA 
(I), R2 (Ii); murine 
EW(EDIM), EB 
(not I or ii); 
porcine MDR-13, 
CRW-1 B (I) 

4 St. Thomas No. 3 Porcine 88-2 (I); 
and 4, Hosokawa. porcine Gottfried, 
Hochi. VA70 (II) SB-1A (Ii) 

5 None Porcine OSU, EE. 
equine H-l (I) 

6 None Bovine NCDV, UK, 
WC3 (I) 

7 None Chicken Ch.2, turkey 
Ty.1 (not I or II) 

8 69M, 837, B3!3,57M 
(1) 

9 WI-61, F45 (It) ’ 
* According to VP7 specificity when known. Data from 

refs. 1,3,4,6.7,20.32,40,60,112,118.221.245,251,25~,255, 
272.296,298.302,304,313,383.421,439,456,474,486,513, 
579.580,649.666,688.695,696,698,746, and 749. 

\I * Subgroup antigen as determined by ELISA or IAHA 
! is shown In parentheses. 

. -,/ 

Although the sharing of subgroup specificity by cer- 
tain animal and human rotaviruses was surprising, !he 
sharing of neutralization specificity by certain human 
and animal viruses was unexpected (302,304,746,749) 
(Table 2). Initially, rhesus rotavirus and strain SA- I I 
were shown by plaque reduction to be similar, if not 
identical, to human rotavirus serotype 3. Further stud- 
ies that involved extensive reciprocal cross-neutrali- 
zation tests among human and animal rotaviruses re- 
vealed that: (a) serotype I, 2, 8, and 9 strains are 
restricted to humans; (b) serotype 4 strains have a 
broader host range which includes humans and pigs; 
(c) serotype 3 viruses have the broadest host range 
which includes humans, monkeys, dogs, cats, horses, 
pigs, mice, and rabbi&; (d) serotype 5 strains are re- 
stricted to horses and pigs, whereas serotype 6 and 7 
strains are restricted to calves or birds, respectively. 
It is of interest that the porcine rotavirus strains Gott- 
fried and SB-2, which share serotype specificity, be- 
long to different subgroups: The former is a subgroup 
11 virus, whereas the latter belongs to subgroup I (302). 
This is the first example of strains that share neutral- 
ization but not subgroup specificity. I! is surprising that 
this dissociation has not been observed more often, 
since serotype and subgroup specificities are encoded 
by different genes. 

Antigenic Specificities of Various Proteins 

The VP6 Protein 

VP6, which is located on the inner capsid of the 
virus, has a molecular weight of 41,000 and constitutes 
51% of virion protein (396). Murine monoclonal anti- 
bodies to the VP6 of human Wa (serotype 1, subgroup 
II) or rhesus rotavirus (serotype 3. subgroup I) react 
with almost all mammalian group A rotaviruses in var- 
ious immunoassays (249,251,253.601). Although other 
structural proteins may show some group reactivity 
under selected conditions, VP6 specifies the major 
group reactivity measured by such assays. However, 
two monoclonai antibodies that immunoprecipitate 
VP6 had a more restricted activity (251). One of these 
antibodies induced by rhesus rotavirus reacted only 
with subgroup I viruses; the other antibody, induced 
by Wa rotavirus, reacted only with subgroup II vi- 
ruses. When reassortant viruses of known genotype 
derived from coinfection of cells with Wa (a subgroup 
II rotavirus) and UK (a subgroup I rotavirus) were 
studied, it was observed that the monoclonai antibody 
with subgroup II specificity reacted only with reas- 
sortants whose sixth gene was derived from Wa virus, 
whereas the subgroup I specific monocionai antibody 
reacted only with reassortants whose sixth gene was 
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derived from the UK rotavirus. None of the other ro- 
tavirus genes segregated with monoclonal antibody 
reactivity. Thus, the sixth rotavirus gene codes for the 
major inner capsid protein VP6 that specifies subgroup 
reactivity (251,601). It is of interest that a non-neu- 
tralizing monoclonal antibody directed to VP2 (a com- 
ponent within the inner capsid) had a subgroup reac- 
tivity pattern similar (but not identical) to a reference 
VP6 subgroup II monoclonal antibody (657). The VP6 
protein also contains a separate domain that is the 
major determinant of group A rotavirus antigenic reac- 
tivity (162,214,601). The site of attachment of VP6 
subgroup monclonal antibodies on rhesus rotavirus 
(RRV) has been visualized clearly by IEM (Fig. 5). 
These antibodies attach to the inner but not the outer 
capsid of the rhesus rotavirus. 

Most group A rotaviruses are classified into either 
subgroup I or subgroup II. Human ‘strains belong to 
either subgroup 1 or II, whereas animal rotaviruses 
(with few exceptions) belong to subgroup I. A few an- 
imal strains cannot be subgrouped, and some share 

’ . 

both subgroup I and II specificitieS (296,302). The ma- 
jority of human rotaviruses recovered during epide- 
miological studies belong to subgroup II, although 
subgroup I Strains may occasionally predominate. 

As noted in Chapter 48, the amino acid cotiposition 
of the VP6 protein of several rotavirus strains has been 
determined, but the epitopes corresponding to group 
and subgroup specificities remain to be elucidated 
(63,115,170,238,287). 

It was assumed until recently that all human and 
animal rotaviruses share common antigenic determi- 
nants present predominantly on VP6. However, sev- 
eral human and animal rotavirus strains do not share 
these determinants. Rotaviruses that share the group 
antigen are now classified into group A, whereas ro- 
taviruses that lack this an:igen are classified as non- 
group A viruses J75,310,51!). The latter viruses also 
do not share subgrdup antigens with group A viruses. 
The non-group A viruses have been given various 
names such as pararotaviruses, rotavirus-like viruses, 
hovel rotaviruses, antigenically distinct rotaviruses, 

FIG. 5. Direct IEM of RRV after incubation with monoclonal antibody (mouse ascites fluid) to , 
subgroup domain of major inner structural protein (VP6) of RRV. Antibody is not seen on the 
outer margin of the double-capsid rotavirus particle in A, whereas antibody is clearly visible on 
the particles in B, which lack the outer capsid. (From Kapikian et al., unpublished observations.) 

. . 



I  

a n d  a d u l t d i a r r h e a  ro tav i ruses ( 7 5 ,3 1 0 ) . They  current ly  
a r e  classi f ied into g r o u p s  B , C , D , E , F, a n d , te n ta -  
tively, G . G r o u p  B  v i ruses h a v e  b e e n  recove red  f rom 
h u m a n s , p igs.  cattle. s h e e p , a n d  ra ts; g r o u p  C  v i ruses 
h a v e  b e e n  recove red  f rom h u m a n s , p igs,  a n d  fe r r e ts; 
g r o u p  D  v i ruses h a v e  b e e n  recove red  f rom chickens;  
g r o u p  E  v i ruses h a v e  b e e n  recove red  f rom pigs;  g r o u p  
F  v i ruses h a v e  b e e n  recove red  f rom chickens;  a n d  vi- 
ruses  te n ta tive ly d e s i g n a te d  g r o u p  G  h a v e  b e e n  re -  
cove red  f rom ch ickens ( 7 5 ,6 7 6 ) . R e c e n tly, a  g r o u p  B  
ro tav i rus was  impl ica ted as  t he  cause  o f (a )  severa l  
l a r ge  ou tb reaks  o f seve re  gast roenter i t is  in  C h i n a  
which  p r e d o m i n a n tly invo lved  a d u l ts, a n d  (b )  a  m i ld 
o u tb r e a k  o f d i a r r h e a  in  n e o n a tes  ( 1 0 1 ,1 2 7 ,3 1 0 - 3 1 2 , 
5 9 8 ,6 3 1 ,7 2 4 ) . In  c o n trast, re lat ively fe w  h u m a n  strains 
o f a  g r o u p  C  ro tav i rus h a v e  b e e n  d e tected,  b u t th e s e  
h a v e  b e e n  d is t r ibuted in  var ious  c o u n tries ( 6 1 a ,7 4 ,7 8 a , 
1 0 0 ,3 1 1 ) . T h e  i m p o r ta n c e  o f n o n - g r o u p  A  ro tav i ruses 
o u tsid e  o f C h i n a  h a s  n o t b e e n  d e fin e d  ( 7 8 ,1 3 8 ,1 5 5 ,5 4 3 ) . 

T h e  V P 7  Pro te in  

T h e  V P 7  g lycopro te in  is th e  m a jor  n e u tral izat ion a n -  
tig e n ’o f r o tav i ruses d e tec ted  by  h y p e r i m m u n e  a n ti- 
s e r u m  a n d  serves as  th e  bas is  fo r  d e te r m i n a tio n  o f se-  
r o typ e  ( 2 8 ,3 6 3 ,3 8 7 ,4 1 9 ,4 2 2 ,4 6 5 ,5 6 3 ,5 8 9 ,5 9 1 ,6 1 7 ) . V P 7  
is loca ted  o n  th e - o u te r  capsid,  h a s  a  m o lecu lar  w e i g h t 
o f 3 4 ,0 0 0 , a n d  const i tutes 3 0 %  o f th e  v i r ion p r o te in,  
th u s  m a k i n g  it (a )  th e  s e c o n d  m o s t a b u n d a n t r o tav i rus 
,p r o te in  a n d  (b )  th e  m a jor  const i tuent  o f th e  o u te r  cap -  
s id ( 3 % ) . T h e  V P 7  o f var ious  sero types c o n ta ins  o n e  
to  th r e e  p o te n tia l  sites  fo r  N- l inked glycosylat ion,  b u t 
c a r b o h y d r a te  s ide  cha ins  a r e  n o t r e q u i r e d  fo r  infectiv- 
ity b e c a u s e  a  ful ly infect ious m u ta n t o f sim ian  ro ta -  
v i rus S A - 1 1  wh ich  lacks a  g lycosylat ion site  h a s  b e e n  
desc r ibed  ( 1 6 8 ) . 

Ear ly  stud ies  in  wh ich  reassor tant  r o tav i ruses w e r e  
ana l yzed  fo r  g e n o typ e  a n d  a n tigen ic  specif ici t ies in-  
d ica ted  th a t m o s t n e u tral iz ing a n tibod ies  in  hype r im-  
m u n e  s e r u m  w e r e  d i rec ted  aga ins t th e  V P 7  p r o te in,  
wh ich  is e n c o d e d  by  th e  7 th . 8 th , o r  9 th  g e n e , d e -  
p e n d i n g  o n  th e  stra in ( 2 4 8 ,2 5 0 ,2 5 5 ,3 2 6 ,4 1 9 ) . A lso, 
m a n y  rhesus  ro tav i rus m o n o c l o n a l  a n tibod ies  wh ich  
immunop rec ip i ta te  th e  3 8 ,0 0 0 - d & o n  o u te r  caps id  V P 7  
g lycopro te in  n e u tral ize rhesus  ro tav i rus to  h i g h  tite r  
( 2 5 3 ) . T h e  site  o f a tta c h m e n t o f th e s e  V P 7  m o n o c l o n a l  
a n tibod ies  h a s  b e e n  i d e n tifie d  by  IE M  as  th e  o u te r  cap -  
s id o f th e  v i rus (Fig.  6 ) . Thus  fa r , g r o u p  A  ro tav i ruses 
h a v e  b e e n  classi f ied into n i n e  distinct sero types in  re -  
c iproca l  n e u tral izat ion tests wi th h y p e r i m m u n e  a n ti- 
se ra  (Tab le  1 ) . S e r o typ e  i d e n tifica tio n  o f r o tav i ruses 
h a s  b e e n  faci l i tated r e c e n tly by  th e  iso lat ion o f V P 7  
m o n o c l o n a l  a n tibod ies  wh ich  a r e  specif ic fo r  h u m a n  
strains o f sero type  1 , 2 , 3 , o r  4  ( 6 5 3 ) . S tra ins wi th in a  r  

F W T A Y I R U S E S  / 1 3 6 3  

FIG . 6.  Ind i rect  IE M  of  R R V  af ter  i ncuba t ion  wi th  m o n -  
oc lona l  an t i body  ( m o u s e  asci tes f lu id)  to m a j o r  neu t ra l -  
iz ing ou te r  caps id  g lycopro te in  ( V P 7 )  of  R R V  a n d  ferr i t in 
c o n j u g a t e d  an t imouse  g lobu l in .  An t i body  is c lear ly  visi- 
b le  o n  the  ou te r  ma rg i ns  of  the  d o u b l e - c a p s i d e d  par t ic les 
in  A  a n d  B , w h e r e a s  an t i body  is no t  o b s e r v e d  o n  the  p a r -  
t icles in  C  a n d  D, wh i ch  lack the  ou te r  caps id .  (F rom K a -  
p ik ian  et  al., u n p u b l i s h e d  observa t ions . )  

sero type  wh ich  vary  in  the i r  capaci ty  to  b e  n e u tra l ized 
by  serotype-speci f ic  m o n o c l o n a l  a n tibod ies  h a v e  b e e n  
te r m e d  “m o n o typ e s ,” a n a l o g o u s  to “sub types” d e -  
f i ned  with po lyc lona l  h y p e r i m m u n e  a n tise r a  ( 1 1 7 ,1 1 9 ) . 
V P 7  h a s  a lso  r e c e n tly b e e n  s h o w n  to  b e  respons ib le  
fo r  a tta c h m e n t o f v i rus to  h o s t cel ls as  desc r i bed  in  
C h a p te r  4 8  ( 2 0 7 ,2 0 8 ,3 3 0 ,6 3 3 ,6 3 4 ) . 

T h e  a m ino  ac id  s e q u e n c e  o f t he  V P 7  o f strains b e -  
l ong ing  to  e a c h  o f th e  serotypes.  excep t sero type  7 , 
h a s  b e e n  d e d u c e d  f rom th e  nuc leo tid e  s e q u e n c e  o f th e  
V P 7  g e n e  (Fig.  7 )  ( 1 6 ,6 2 ,9 9 ,1 4 3 ,1 5 8 ,2 2 6 ,2 3 4 .2 3 6 ,2 3 9 , 
2 4 5 - 2 4 7 ,2 6 0 ,4 1 4 ,5 3 7 ,5 5 8 ) . R e p r e s e n ta tive  re la t ion-  
sh ips  o f th e  V P 7  a m ino  ac id  s e q u e n c e  a m o n g  h o m o -  
typic a n d  h e te r o typic strains o f th e  first six sero types 
a r e  s h o w n  in  T a b l e  3 . W ith in  e a c h  serotype,  a m ino  ac id  
h o m o logy  was  h i g h  ( 9 1 - 1 0 0 % ) ; h o w e v e r , b e tween  
strains o f d i f ferent  serotype,  conserva t ion  o f s e q u e n c e  
was  signif icant ly less ( 2 4 5 - 2 4 7 ) . Thus , th e r e  was  com-  
p le te  c o n c o r d a n c e  b e tween  re la t ionsh ips  a m o n g  ro -  
tav i ruses as  d e t e r m i n e d  by  neut ra l i za t ion  o r  s e q u e n c e  
analys is  o f V W . Conse rva tio n  o f V P 7  a m ino  ac id  se-  
q u e n c e  h a s  b e e n  e x a m i n e d  in  m o r e  d e tai l  wi th in se-  
r o typ e  3 ; th is  sero type  h a s  th e  b r o a d e s t h o s t r a n g e , 
e n c o m p a s s i n g  e i g h t d i f ferent  species.  C o m p a r i s o n  o f 
th e  d e d u c e d  V P 7  a m ino  ac id  s e q u e n c e  o f 2 7  strains 
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FIG. 7. Comparison of the deduced amino acid sequences of the VP7 protein from rotavirus 
strains of eight different serotypes. The hydrophobic regions are denoted by I; the hydrophilic 
regions are denoted by *M; variable regions are denoted by arrows and bracket; potential gly- 
cosylation sites are enclosed in rectangles; conserved prolines are indicated by v; and conserved 
cysteines are indicated by n . (Adapted from ref. 245.) 
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TABLE 3. Amino acid homology among the VP7 amino acid sequences from 7 7 human and animal roiaviruse$ 

81 81 01 75 75 76 75 83 85 85 77 76 81 
a2 a2 02 76 76 76 76 84 86 86 79 77 
81 a1 a1 75 75 74 75 a3 a5 a5 77 76 - - 

;: E \y RF” 

Seroiype: 1 2 3 4 5 6 

a From ref. 246. 
* Percentage amino acid homology (identity). 
5 The VP7 from these strains were previously published: Wa (ref. 537); HU5 (ref. 143); S2 (ref. 260); SAl 1 (refs. 16 

and 62); OSU (ref. 234); NCDV (ref. 226); UK (ref. 158); and RF (ref. 99). 
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recovered from these eight species indicated an overall 
homology of 85% or greater (486). With the exception 
of two feline strains, conservation of VP7 sequence 
was greatest among strains recovered from the same 

i’ species, with homoiogy being 95% or greater. For ex- 
ample, among 13 serotype 3 human rotavirus strains, 
there was 95.3% .or greater identity of VP7 sequence. 

Comparison of the VP7 of strains belonging to eight 
serotypes indicated that there are nine regions of the 
linear amino acid sequence of VP7 which are highly 
divergent (Fig. 7) (245). Each of these regions is highly 
conserved in human rotavirus strains within the same 
serotypc (Table 3) (245-247). There is sufficient con- 
servation of sk’quence of human mtavirus strains 
within a serotype that it is possible to predict the se- 
rotype of an isolate by direct sequence analysis of two 
of these variable regions (VIZ5 and VR8) of VP7 (245- 
247). 

The major neutralization epitopes on VP7 have been 
identified by analysis of the deduced amino acid se- 
quence of mutants which are resistant to neutralization 
by the VP7 monoclonal antibody used for their selec- 
tion (Fig. 8) (144,405,650). Each of the “neutralization 
escape mutants” analyzed sustained a single amino 
acid substitution in VW, and these mutations occurred 
exclusively in variable regions VR5. VR7, or VR8 (Fig. 
8). The observation that a single monoclonal antibody 
can select for a mutation in either VRS or VR8 suggests 
that these regions occupy a close spatial relationship 
on the mature VP7 molecule (144,405,650). 

Homotypic monoclonai antibodies select single 
amino acid substitution mutations in VRS, VR7, or 

VR8, whereas monoclonal antibodies that have only 
heterotypic activity select a mutation in VR5. Homo- 
typic and heterotypic epitopes appear to be close to- 
gether within VRS because both homotypic and het- 
erotypic monoclonal antibodies select mutations 
within a region of six amino acids (i.e., positions 94- 
99) (144,405,650). 

The importance of glycosylation in the antigenicity 
of VP7 was shown by the effect of a single amino acid 
substitution at position 211 of simian virus SAI 1 
(92,144). This mutation created a new glycosylation 
site. and the resulting mutant was rendered signifi- 
cantly resistant to neutralization by hyperimmune anti- 
serum. Based upon these observations, it was sug- 
gested that VRS. which contains amino acid 211 (or a 
region contiguous to it in the folded protein) constitutes 
an immunodominant site that is rendered inaccessible 
to its corresponding neutralizing antibodies by the ad- 
dition of a new carbohydrate side chain. This region 
appears to be the dominant antigenic site on VP7, but 
a generalization of its dominance to the whole virus is 
probably not valid because the role of VP4 in neu- 
tralization is not taken into consideration. Consistent 
with this view is the dbservation that the 211 mutant 
which bears a new glycosylation site is fully suscep- 
tible to neutralization by mouse postinfection sera 
even though it is resistant to neutralization by hyper- 
immune antisera. This difference in susceptibility to 
neutralization probably reflects (a) the presence of suf- 
ficient VP4 neutralization antibodies in the former set-a 
and (b) the deficiency of these antibodies in the latter 
sera. 

c -.- _- - - 
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FIG. 8. Linear structure and antigenic organization of rotavirus outer capsid VP7. ‘Serotype, as 
determined by VP7. “‘Boldface numbers Indicate amino acid substitutions in mutants selected 
with monoclonal antibody exhibiting cross-reactive (i.e., heterotypic) neutralizing activity: other 
numbers indicate amino acid substitutions selected with monoclonal antibody with homotypic 
neutralizing activity. At the top of the figure, hydrophobic regions are denoted by I, whereas 
hydrophilic regions are denoted by -. (Data were taken from refs. 144. 405, and $50.) 

The VP4 Protein 

Study of rotaviruses by cryoelectron microscopy in- 
dicates that VP4 is present on the outer capsid from 
which it protrudes as a series of short spikes (Fig. 4) 
(524). VP4 has a molecular weight of 88,000 and con- 
stitutes 1.5% of virion protein (396). Although it is a 
minor constituent of the outer capsid, VP4 performs a 
number of functions that have been defined by genetic 
and immunologic analyses (88,419). Analysis of rota- 
virus reassortants indicated that VP4 is encoded by the 
4th gene (i.e., RNA segment 4) of all strains studied 
thus far. Restriction of growth of human rotaviruses 
in tissue culture was assigned to VP4 during a study 
of reassortants produced during dual infection of cell 
cultures by a cultivatable bovine rotavirus and by a 
poorly cultivatable human rotavirus (248). The only 
gene that segregated with effjcient growth of virus in 
cell culture was the gene that encodes VP4. Study of 
reassortants produced during dual infection of a ro- 
tavirus that has hemagglutination activity (rhesus ro- 
tavirus) and a rotavirus that lacks this property (bovine 
UK rotavirus) identified VP4 as the viral hemaggluti- 
nin (323). This assignment was confirmed when it was 
observed that monoclonal antibodies to rhesus rota- 
virus which inhibited hemagglutination immunoprecip- 
itated VP4 (253). 

In addition, some rhesus rotavirus monoclonal an- 
tibodies to VP4 were found to neutralize infectivity 

(253). This was unexpected because in earlier studies, 
VP4 had not been shown to play a role in neutraliza- 
tion, and it was thought that this function was mediated 
exclusively by VP7 (248). In these early studies, the 
bovine rotavirus antiserum that was used to measure 
neutralization of reassortants bearing genes of a cul- 
tivatable bovine rotavirus and a poorly cultivatable 
human rotavirus contained VP7-neutralizing antibod- 
ies but not antibodies that neutralized this bovine ro- 
tavirus via its VP4. Hence, the role of VP4 in neu- 
tralization was missed because all of the cultivatable 
reassortants recovered in this study bore the VP4 of 
the bovine rotavirus. 

The ability of two outer capsid proteins (VP4 and 
VP7) to separately induce neutralizing antibodies has 
necessitated a reevaluation of serotype classification 
which heretofore was based upon neutralization me- 
diated primarily by VP7. The need for a reevaluation 
also became apparent when various strains were dis- 
covered which shared neutralization specificities with 
two distinct serotypes. The first such “intertypic” 
virus recognized was the M37 strain. which was re- 
covered from an asymptomatic infant in a newborn 
nursery (298,299,458X Hyperinunune antiserum to 
strain M37 neutralized both serotype I and serotype 4 
reference rotaviruses to high titer; similarly, antiserum 
to serotype I rotavirus neutralized M37 to high titer, 
whereas antiserum to serotype 4 virus neutralized M37 
to low titer (299). Analysis of (a) M37 reassortants in 



which the genes coding for VP7 and VP4 had segre- 
gated independently and (b) antisera to these reassor- 
tants, demonstrated that the neutralization of serotype 
1 virus by M37 antiserum was mediated by VP7, the 
ninth gene product, whereas the neutralization of se- 
rotype 4 virus by M37 antiserum was mediated by VP4, 
the fourth gene product. The serotype 4 reference 
strain ST-3 is also an asymptomatic nursery strain with 
a VP4 sequence which is highly conserved among 
other nursery strains (235). The need for a binary sys- 
tem of classification of rotaviruses has been suggested 
in order to identify the independent role of VP7 and 
VP4 neutralization specificities (299,490). However, 
since reagents are not yet generally available to define 
VP4 neutralization antigens, only VP7 specificity can 
be used at the present time. 

Although VP4 antigenic specificity cannot be as- 
signed for all rotavirus strains, it is known from se- 
quence analysis that there are at least three distinct 
human VP4s. One is the highly conserved VP4 present 
on serotype 1, 3, and 4 “virulent” strains, a second is 
present on serotype 2 “virulent” strains, and the third 
is a highly conserved VP4 present on the asymptomatic 
neonatal strains M37, 1076, McN, and ST-3, which 
have been assigned to serotypes I, 2, 3, and 4, re- 
spectively, based on neutralization mediated by VP7 
(Table 1) (188,235,237,301). Independent segregation 
of VP7 and VP4 neutralization antigens, along with the 
conservation of VP4 among asymptomatic nursery 
strains, has led to the confusing situation in which 
these strains contain a VP7 with serotype 1, 2.3, or 4 
specificity while sharing a highly conserved VP4 se- 
quence (Table 4). Further clarification of this situation 
awaits the development of appropriate serological re- 
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agents. At present, it appears that animal rotavirus 
VP4 specificities are distinct from those of human ro- 
taviruses (187,237). Also, at least two different VP4 
antigenic specificities may be present among rotavi- 
ruses derived from the same animal species. For ex- 
ample, the bovine UK and NCDV strains possess an- 
tigenically distinct VP4 antigens, although these 
viruses contain highly related VP7 antigens (299). A 
similar situation has been identified among porcine ro- 
taviruses (298). 

The significant role played by VP4 in protective im- 
munity was observed during a study in which infection 
of newborn piglets with a reassortant bearing the VP4 
of one of its virulent porcine rotavirus parents and the 
VP7 of the other virulent porcine rotavirus parent was 
shown to induce resistance to disease caused by either 
virulent parental virus (297). This indicated that VP4 
and VP7 function as independent protective antigens 
in viva. In this study, VP4 was observed to stimulate 
the same high level of neutralizing antibodies as VP7. 
Also, passively acquired neutralizing antibodies to 
VP4, as well as to VP7, independently conferred re- 
sistance to disease in infant mice in an experimental 
model of rotavirus illness (494,497). A monoclonal an- 
tibody directed against VP4 of the porcine OSU strain 
which neutralized OSU, as well as heterotypic simian 
RRV and bovine UK strains, passively protected suck- 
ling mice against challenge by ejther homotypic or het- 
erotypic strains, indicating that cross-reactive anti- 
bodies to VP4 can also be protective (497). 

Sera from animals convalescent from rotavirus in- 
fection usually contain significantly higher levels of 
VP4-neutralizing antibodies than do hyperimmune 
antisera raised to the same virus. Thus, serotype dif- 

TABLE 4. Amino acid homology among the VP4 amino acid sequeirces.of five symptomatic and four asymptomatic 
human rotavirus sirains” 

Symptomatic strains Asymptomatic strains 
Wa 

----.. -- 

89.7b DS-1 
89.2 98.5 w-5 
94.1 90.5 90.2 P 
96.8 89.4 89.2 93.2 VA70 

77.6 77.6 76.4 76.9 77.3 M37 
77.0 75.7 75.4 76.4 76.4 95.1 1076 
77.0 75.7 75.4 76.4 76.5 66.6 96.6 McN13 
76.8 75.7 75.4 76.4 76.3 96.3 95.7 97.4 ST3 

Serotype? , 1 2 2 3 4 I 2 3 4 
* Adapted from Ref. 235. 
b Per&t identity. - 
c As defined by VP7. 

. 
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ferences established with hyperimmune sera tend to 
be less clear when infection sera are employed in neu- 
tralization assays (740). It should be noted that infants 
vaccinated orally with a live attenuated rhesus rota- 
virus vaccine developed antibodies to epitopes on both 
VP7 and VP4 (588). 

As noted in Chapter 48, the fourth genes of a wide 
variety of rotavirus strains have been sequenced 
(235,331,398,399,406,487,523). A comparison of the 
deduced amino acid sequences of these proteins re- 
vealed several areas of divergence, with the most 
prominent being the region including amino acids 92- 
192 (Fig. 9). In addition, analysis of the deduced amino 
acid sequence of single amino acid substitution escape 
mutants selected with neutralizing monoclonal anti- 
bodies led to the identification of eight regions on the 
linear sequence of VP4 which are involved in neu- 
tralization (406,651) (Fig. 9). With one exception, se- 
rotype-specific VP4 monoclonal antibodies selected 
mutations in the VP8 subunit of VP4, whereas cross- 
reactive monoclonal antibodies selected only muta- 
tions in the VP5 subunit (Fig. 9). Although the sites of 
mutation in VP8 ranged from amino acids 87 through 
188, some of these sites, such as amino acids 89, 106. 
and 150, may be in close proximity on the folded pro- 
tein because some mutants selected with a monoclonal 
antibody directed to one of these regions were also 
resistant to neutralization by a monoclonal antibody 
that selected a mutation at one of the other sites. One 
of the major sites at which a mutation is selected by 
cross-reactive antibodies is of special interest because 

VP8 VP5 

it is within a hydrophobic region of I8 amino acids 
(388-405) which exhibits 45%-identity with the puta- 
tive fusion site of the El glycoprotein of Sindbis virus 
(406). 

In addition to its other functions, VP4 appears to 
play a major role in virulence of rotaviruses. When 
reassortant viruses derived from parental strains that 
varied in virulence for newborn mice were studied, it 
was observed that virulence segregated with the 4th 
gene (491). Evidence for a role of VP4 in virulence has 
also been provided by RNA-RNA hybridization and 
by sequence analysis of the VP4 gene of rotaviruses 
recovered from (a) infants and children with moder- 
ately severe diarrhea or (b) neonates infected in a nurs- 
ery in which virus persisted for long periods of time 
and in which most affected newborns failed to develop 
significant symptoms (Table 4) (188,235,237). Viru- 
lence is not serotype-specific (VP7), since each of the 
four major human rotavirus seiotypes (1, 2, 3, and 4) 
has been associated with both symptomatic and 
asymptomatic infections (301). In contrast, the VP4 
gene of the asymptomatic rotavirus strains is highly 
conserved (95.5-97.5%) and is distinct from the VP4 
gene of the virulent strains (25.4-27.1% divergence) 
(235). In addition, the VP4 gene of symptomatic strains 
exhibits significant conservation (87.4-97%) Thus far, 
long-term persistence of a uniform strain of rotavirus 
which does not cause significant symptoms has been 
documented in seven different nurseries in Africa. Eu- 
rope, South America, and Australia (301). Four of the 
nursery strains are type 4, while the remaining three 

c u 
Protease Activation 

Variable 
Region 

Sites (aa 241 and 247) 
I I tt l . I 

AneHJ A&J 1 36.33 6144 92 - 192 26w63 33.5439 394-366 

Site ot single amino acid substitution 
in iMtviduel neutratization-resistant 
mutants selected with monocbnat 
SttibOd~ 

Simian rotavitus ARV (3) 87 loo 146”168 3w** 441 
88” 114 150 993 
89 393 

l-hllan rotavirus Ku (1) 309392 433 
392 439 
392 

Human rotavirus OS-$ (2) 392 

FIG. 9. Linear structure and antigenic organization of rotavirus outer capsid VP4. ‘Serotype, 8s 
determined by VP7. *‘Limited heterotypic activity. “‘Boldface numbers indicate amino acid sub- 
stitutions in mutants selected with monoclonal antibody exhibiting cross-reactive (i.e., hetero- 
typic) neutralizing activity; other numbers indicate amino acid substitutions in mutants selected 
with monoclonal antibody with homotypic or limited heterotypic neutralizing activity. (Data were 
taken from refs. 406 and 651.) 



strains are type 1, type 2, or type 3. However, each 
of these seven nursery strains possess the conserved 
VP4 gene, suggesting that this gene is associated with 
reduced virulence (235). Furthermore, none of the 
other 10 rotavirus genes appear to be conserved among 
the nursery strains. 

INFECTION OF EXPERIMENTAL ANIMALS AND 
HOST RANGE 

Rotaviruses have a wide host range, as indicated by 
their recovery from the newborn of many animal spe- 
cies (18.26,85,121,160.172,173,178,254,295,303-306, 
322,409,438,444,466,469,470,510,517,533,544,554,555. 
585,606,610,629,630,671,672,690,691,732,737). Most 
of these rotaviruses were detected in newborn animals 
with diarrhea. Rotaviruses have also been associated 
with respiratory illness in some species (172). Most 
animal rotaviruses are fastidious in their requirements 
for cultivation in vitro, but there are exceptions (e.g., 
certain strains of simian, porcine, or bovine origin). 

Under experimental conditions, some human rota- 
virus strains induce a diarrhea1 illness or subclinical 
infection in newborn animals such as gnotobiotic 
calves, gnotobiotic or conventional piglets, rhesus 
monkeys, gnotobiotic lambs, puppy dogs, and new- 
born mice (33,241,289,390,447,450,458,608.677,678, 
689,758). In China, a human rotavirus was shown to 
induce a severe diarrhea1 illness in a nonhuman pri- 
mate, Tupaia helangeri yunalis, following administra- 
tion by the alimentary route (506). Although rotavi- 
ruses are widely distributed in animals and have been 
identified in almost every species when appropriate 
techniques for virus detection have been employed, 
there is no evidence that in nature animal rotaviruses 
infect humans or that human rotaviruses infect ani- 
mals. For example, an epidemiologic study in Panama 
of farm workers with frequent contact with cattle in- 
dicated that rotaviruses were transmitted within family 
units but not to or from animals (561). 

PATHOGENESIS AND PATHOLOGY 

Study of biopsies of the jejunal mucosa of infants 
and young children hospitalized with rotavirus disease 
has identified the following lesions: shortening and 
atrophy of the vi&, mononuclear cell infiltration in the 
lamina propria, distended cistemae of the endoplasmic 
reticulum, mitochondrial swelling, and sparse, irreg- 
ular microvilli (291,635). Denudation of microvilli was 
also noted. Virus particles were visualized in dilated 
cistemae of endoplasmic reticulum and in lysosomes 
of columnar epithelial cells. Virus particles were also 

, 

detected in goblet cells and phagocytes in the lamina 
propria. Occasionally, tubular structures were visu- 
alized in dilated cistemae of the endoplasmic reticu- 
lum. Impaired d-xylose absorption has also been ob- 
served (431). In addition, some patients have 
depressed levels of disaccharidases (mahase, sucrase, 
and lactase) (48). 

Information relating to the pathogenesis of rotavirus 
infection has also been obtained from experimentally 
infected animals that developed diarrhea1 illness fol- 
lowing administration of human rotavirus. In one 
study, the pathogenesis of human rotavirus strain D 
(serotype 1) was studied in newborn, gnotobiotic, co- 
lostrum-deprived calves that developed illness follow- 
ing intraduodenal administration of virus (446). Mor- 
phological changes proceeded in a cephalocaudad 
direction in the small intestine. Within a half hour of 
experimentally induced diarrhea, morphological 
changes such as denuding of villi and flattening of ep- 
ithelial cells were observed in the upper small intes- 
tine, but rotaviral antigens were not detected by im- 
munofluorescence (IF). At this time, the lower small 
intestine was intact, but rotavirus antigens were abun- 
dant in swollen epithelial cells. Seven hours after onset 
of diarrhea, the lower small intestine showed morpho- 
logical changes similar to those seen earlier in the 
upper small intestine; however, rotavirus antigens 
were not detected by IF at this time. Forty hours after 
onset of diarrhea, the intestine appeared relatively nor- 
mal. Examples of some of these changes are shown in 
scanning electron micrographs in Fig. 10. 

Piglets that developed rotavirus diarrhea following 
administration of human rotavirus demonstrated func- 
tional alterations in small intestinal villous epithelial 
ceils (129,210). Glucose-coupled sodium transport was 
impaired, sucrase activity was decreased, and thymi- 
dine kinase activity was increased. However, aden- 
ylate cyclase and cyclic AMP were not stimulated. 

EPIDEMIOLOGY 

Morbidity and Mortality 

Until the discovery of the rotaviruses, the majority 
of severe diarrhea1 illnesses of infants and young chil- 
dren could not be linked to an etiologic agent 
(116.122,333,460,774). However, as data from epide- 
miologic studies have emerged from both the devel- 
oped and developing countries, it has become clear 
that rotaviruses are the major etiologic agents of se- 
rious diarrhea1 illness in infants and young children 
under 2 years of age throughout the world. 

Although rotavirus diarrhea occurs with high fre- 
quency in the developed countries, the disease has a 
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IoW mortality in these’ locations. The* bur&err of i&- 
virus diarrhea annually in the United States in the I- 
to 4-year age group is estimated to include over one 
m illion cases of severe diarrhea and up to 150 deaths 
(283.284,316); A high morbidity but low mortality rate 
can be attributed to (a) the &velopment during the 
1940s of effective. means for replacemen! of fluid and 
electrolytes lost during disease arid (b) their routine 
use in developed countries. This iniprovement in ther- 
apy resulted in a marked decrease in mortality from 
all forms of inftitile diarrhea. In.contrast, in devel- 
oping countries, rotaviruses are usually the leading 
cause of life-threatening diarrhea in infants and young 
children. in a recent analysis, the burden of rotavirus 
diarrhea] disease in infants and young children under 
5 years of age in developing countries was estimated 
to be over 125 m illion cases; over 18 m illion of these 
were considered moderately severe or severe (317). In 
addition, it was estimated that 873,000 infants and 
young children 1-4 years of age die from rotavirus diar- 
rheal illness each year. 

In devkloped countries the widespread distribution 
of rotaviruses in the community is indicated by the 

FIG. 10. Sdanning electron and 
light micrographs of intes3inal tis- 
sues from a gnotobiotic calf sacri- 
ficed 0.5 hr after onset of diarrhea 
induced by human rotavirus. A: 
Proximal small intestine with short- 
ened villi and a denuded villus tip 
(second from right). Hematoxylin 
and eosin, x 120. 0: Appearance of 
same level of intestine as in A, de- 
picting denuded villi by scanning 
electron microscopy, x 180. C: Dis- 
tal small intestine with normal vac- 
uolated epithelial cells and normal 
villi. Hematoxylin and eosin, x75. 
D: Same area as in C, seen by scan- 
ning -electro? microscopy. Epithe- 
lial cells appear round and protrud- 
ing. x210. (From refs. 446 and 751 
with permission.) 

i, 
tidivtfig ~aE$&$t~&:of’~etim &tibody’ to these vi- 
ruses at an early age. For example, in the Washington, 
D.C. area, over 90% of infants and young children ac- 
quire rotavirus antibody by the end of the third year 
of life, a pattern similar to that observed for respiratory 
syncytial and parainfltkenza type 3 viruses 
(347,364,509). The high prevalence of rotavirus anti- 
body is maintained into adult life. suggesting that sub- 
clinical rotavirus reinfection occurs. A similar pattern 
of acquisition and maintenance of rotavirus antibody 
has also been observed in most other parts of the world 
(44,55,58,83,148,157,263,321,339). The-gcquisition of 
serum antibody to specific serotypes may vary. In Ger- 
many and Japan, serum antibodies to serotypes 1 and 
3 were most prevalent (83,698). 

Cross-sectional studies of hospitalized infants and 
young children with diarrheal illnesses have yielded 
the most compelling evidence for the importance of 
rotaviruses as etiological agents ,df severe diarrhea of 
early life. For example, during a period of over 8 years, 
34.5% of 1537 infants and young children admitted with 
diarrhea to a Washington, D.C. hobpital shed rotavirus 
in their feces (Fig. 11) (66). Moreover, in a similar 
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study in Japan of over 6  years duration, 45% of 1910 
pediatric patients with diarrhea were rotavirus-posi- 
tive (379). In two similar shorter-term studies (1 year), 
one  in Australia and the other in the United Kingdom, 
52% of the infants and young children admitted with 
diarrhea were rotavirus-positive (128,392). 

Prospective community-based studies of individuals 
enrol led in a  health ma intenance organization, a  group 
of families, or infants and children followed in a  med-  
ical practice have also yielded significant information 
concerning the incidence of rotavirus infection and dis- 
ease. An estimate of the incidence of rotavirus disease 
requiring hospitahzation in the Washington, D.C. area 
was derived from a  defined populat ion of about 29,000 
infants and children less than 15  years of age  whose 
primary health care was given by a  health ma intenance 
organization (548). One  in 272 (3.7 per thousand per 
epidemic year) iyfants less than I year of age  and one 
in 451 (2.2 per thousand per epidemic year) children 
12-24 months of age  were hospitalized for rotavirus 
gastroenteritis, with a  marked decrease in the 25- to 
60-month age group to one in 5519. After 5  years of 
age, the incidence of such hospitalization was nil. 
Moreover, rotavirus infection was associated with 63% 
of the diarrheal il lnesses that were severe enough  to 
require hospitalization. 
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In a  family study extending over a  &year period in 
Tecumsheh,  M ichigan, the ovemll incidence of enteric 
il lnesses was 1.2 per person per year, with the highest 
rate occurring in the youngest age  groups (461,462). 
Rotavirus was detected in stools of 3.8% of individuals 
with gastrointestinal symptoms; however, the annual  
rate was 10.4% for children under  2  years of age. 
Higher incidence rates were observed in a  study in 
Virginia which included families served by a pediatric 
practice. Rotavirus infection was identified in 51% of 
the families during the 29-month surveil lance period 
(552). Evidence of infection was detected in 28% of 
the children and in 13% of adults. The  incidence of 
rotavirus gastroenteritis was highest in the 12- to 23- 
month age group (40 per 100 person-years), lower in 
the 6- to 1  l-month and 24- to 35-month age grqups (12 
per 100 and 13  per 100 person-years, respectively), and  
lowest in adults (5 per 100 person-years). Extrapola- 
tion of the nation-wide incidence figures from this 
study suggests the following annual  number  of rota- 
virus gastroenteritis cases in various age groups: O-l 1  
months, 410,000;  12-23 months, 1,474,OOO; 24-35 
months, 475,000; and  36-60 months, 573,000. In ad- 
dition, it was of interest that in the 36month-and-under 
age group, 88% of rotavirus infections were sympto- 
matic. Also, one  of nine symptomatic children under  

Year 

i 
198: 

FIO. 11. Rotavirus infections In inpatients with gastroenterit is, January 1974 to July 1982, as 
demonstrated by EM, IEM, and  rotavirus confirmatory ELISA. (From ref. 68  with permission,) 

c 
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2 years of age who sought medical attention required 
hospitalization. Rotaviruses were detected only rarely 
(0.2%) in individuals who were not ill. This is in marked 
contrast to (a) a study in France in which asympto- 
matic rotavirus infection was described as a common 
occurrence in infants and young children at the time 
of admission lo hospital and (b) a study of children 
from  an area of Costa Rica where asymptomatic or 
m ild rotavirus infections prevailed (93,94,600). The Iat- 
ter observations do not reflect the experience of most 
other investigators (except with regard to neonates). 
Thus, the general rule is that the rate of rotavirus in- 
fection is higher in ill infants compared to age-matched 
controls who are free of gastrointestinal disease 
(37.69). 

Another perspective on the natural history of rota- 
virus infections was gained by studying the patterns 
and etiology of diarrhea in a group pediatric practice, 
an individual practice, and a hospitalized population 
in the same locality in M ichigan (381). In both prac- 
tices. 16% of the children with diarrhea not requiring 
hospitalization shed rotavirus, whereas 32% of chil- 
dren hospitalized for diarrhea were rotavirus-positive. 
During the rotavirus peak season of January, Febru- 
ary. and March (1979- 1980). when the practices and 
the hospital were studied simultaneously, the fre- 
quency of rotavirus diarrhea was 30% for the solo prac- 
tice, 36% for the group practice, and 48% for the hos- 
pital study. Bacterial pathogens were detected 
infrequently throughout the study. With respect to in- 
cidence data in the solo practice, infants under I year 
of age experienced an average of 0. Kepisodes of ro- 
tavirus diarrhea per year, whereas 1- to Z-year-old chil- 
dren experienced 0.05 such episodes per year. The 
marked difference in incidence of rotavirus diarrhea in 
the 1- to 2-year age group between this study and the 
longitudinal fam ily study described above probably re- 
flects differences in surveillance methods. The fam ily 
study detected illnesses that were too m ild to warrant 
an oflice visit. Eleven percent of patients under 2 years 
of age who had rotavirus diarrhea were hospitalized, 
a figure identical to that in the fam ily study described 
above, whereas the hospitalization rate for nonrota- 
virus diarrhea was 4%. Overall, 38% of the diarrhea 
patients hospitalized from  these practices were in- 
fected with rotavirus. The estimate of the annual num- 
ber of hospitalizations in the United States for rota- 
virus diarrhea from  this study was 80,000 (316). 

In developing countries, the widespread distribution 
of rotaviruses is also shown by the universal acquisi- 
tion of serum antibody to these viruses at an early age. 
By the end of the third year of life, over %  of infants 
and young children acquire rotavirus antibodies, a pat- 
tern sim ilar to that in developed countries (44.55.58, 
83,148,157,263,321,339). 

Cross-sectional studies have consistently demon- 
strated that rotaviruses are the major etiological agents 
of diarrhea in infants and young children in most de- 
veloping countries. For example, in a comprehensive 
study of the etiology of diarrhea1 illnesses that included 
6352 patients treated at the Matlab Treatment Center 
in Bangladesh over a I-year period, rotaviruses were 
the most frequently detected pathogen in children less 
than 2 years of age, with 46% of them being rotavirus- 
positive (57). The next most important group of agents 
was toxigenic Escherichiu coli (ETEC), detected in 
28%. In the over-2-year age group, bacterial agents 
were recovered more frequently than rotavirus. The 
importance of rotaviruses in severe dehydrating diar- 
rheal illnesses was demonstrated in another cross-sec- 
tional anzilysis in a hospital in Cairo, Egypt in which 
145 infants and yodng children under 18 months of age 
with fatal or potentially fatal diarrheal illness were 
studied (597). Rotaviruses were the most frequently 
detected pathogen, accounting for 34% of the cases, 
with the enterotoxigenic E. coli ranking second (27% 
for LT and ST combined). 

Prospective studies in developing areas of the world 
have demonstrated the magnitude of the problem of 
diarrhea1 diseases in general and also highlighted the 
unique capacity of rotaviruses to induce dehydrating 
illness with greater frequency than other agents. In a 
30-month village-based study in northeastern Brazil, 
early childhood mortality exceeded 14% during the 
first 5 years of life; furthermore, in over 52% of 
recorded deaths, diarrhea was listed as either the pri- 
mary or an associated cause of death (259). A sample 
of specimens from  diarrheal episodes was tested for 
enteric pathogens, and 53% yielded a recognized eti- 
ologic agent. The most commonly detected pathogens 
were enterotoxigenic E. c91i and rotaviruses, 21% and 
1%. respectively-The poorest fam ilies had the highest 
diarrhea attack rates; which reached almost 10 per 
child per year in the $- to I l-month age group. 

When a cohort of 45 children were studied prospec- 
tively over a 3-year period in Santa Maria Cauque, 
Guatemala, the incidence of diarrhea was 7.9 per child 
per year; rotavirus ~8s associated with 10% of such 
episodes (417,418). The incidence of rotavirus infec- 
tion was I .2 per child per year, whereas the incidence 
of rotavirus diarrhea was 0.8 per person per year. Each 
of the 45 children shed rotavirus at least once during 
the 3 years of the study. Reinfections occurred fre- 
quently, and Lhe number of reinfections per child 
ranged from  two to six (417). Significantly, dehydra- 
tion was 14 times more frequent among children with 
rotavirus diarrhea than among those with diarrhea of 
bacterial, acute parasitic, or unknown etiology (759). 

Two prospective longitudinal studies of diarrhea! ill- 
nesses in Bangladesh deserve special mention because 
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they demonstrate the overall impact of diarrhea1 illness 
in a developing country. These studies also help to 
clarify the relative role of various microbial agents in 
the etiology of mild and severe diarrhea1 illnesses. In 
a longitudinal study in two contiguous villages, 197 
children 2-60 months of age were studied prospec- 
tively for I year (52,53). Diarrhea, which was the sec- 
ond most common illness, occurred on 12.8% of all 
days. lnfants 2-1 I months of age had the highest prev- 
alence of diarrhea (17% of all days); this decreased to 
10.3% of all days in the 36 to 60-month age group. 
Diarrhea1 illness did not display a marked seasonal dis- 
tribution, although it tended to occur more often in the 
hot, rainy months. The most frequent cause of admis- 
sion to the treatment center was diarrhea. Twenty- 
three of the 197 children were admitted because of mild 
to moderate dehydration associated with diarrhea and 
vomiting; 10 others were admitted with bloody dys- 
entery in which shigella was associated in nine in- 
stances. Ten additional children received treatment for 
diarrhea in the outpatient clinic. Diarrhea1 illness was 
responsible for 52% of all hospitalizations. A bacterial, 
viral, or parasitic agent was detected in 51% of the 920 
diarrhea1 episodes. The agents most frequently iden- 
tified were the enterotoxigenic E. co/i (ETEC); these 
bacteria were detected in 27% of episodes as the only 
pathogen and in 4% with another pathogen. The second 
most commonly detected agents were the shigellae- 
12.8% as sole pathogen and 3% with another pathogen. 
The next most common pathogens were the rotavi- 
ruses-3.8% as sole pathogens and 0.9% in combi- 

> nation with another agent. Children 2-l I months of 
age had the highest incidence of diarrhea1 episodes 
(over 7 per chiid per year); incidence of diarrhea de- 
clined gradually to 4 per child per year in the 36 to 

,60-month age group. The incidence of ETEC diarrhea 
decreased from more than two episodes per child per 
year in the 2-. to I l-month age group to one episode 
per child per year in the 36- to MI-month age group. 
The incidence. of rotavirus diarrhea was 0.5 episodes 
per child per year up to the second year of life and 
decreased to a low level in the third year. 

Although the incidence of rotavirus diarrhea was 
lower than that of diarrhea caused by the other path- 
ogens, dehydration occurred significantly more often 
during rotavirus disease than during illness associated 
with ETEC, shigella, or other agents (52). Thus, in 
diarrhea1 episodes-in which only a single pathogen was 
detected, nine of 35 rotavirus diarrhea1 episodes re- 
sulted in dehydration, whereas only seven of 248 ep 
isodes associated with ETEC, as well as four of 455 
not associated with a known pathogen, were accom- 
panied by dehydration. In addition, one of IO episodes 
associated with non-0 group I Vibrio and one of three 
associated with Vibrio cholerue 0 group I resulted in 
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dehydration. None of I 18 episodes of shigella diarrhea 
was accompanied by dehydration. Although impli- 
cated in less than 4% of all diarrheai episodes, rota- 
viruses were associated with 39% of illnesses that re- 
sulted in significant dehydration. It was the clinical 
impression of the investigators that untreated rotavirus 
diarrhea was more likely to be fatal than diarrhea 
caused by other pathogens. Although nearly all chil- 
dren in this study had serum ELBA antibody to ro- 
tavirus, those with the lowest levels had the greatest 
risk of developing rotavirus diarrhea. 

The special capacity to induce severe diarrhea was 
underscored in another study of diarrhea) disease in a 
rural village in Bangladesh from December 1977 to No- 
vember 1978 (56). Again, the pathogens detected most 
frequently in all age groups were the ETEC (predom- 
inantly stable toxin producers), accounting for 23% of 
the diarrhea1 episodes. Shigella was the second most 
frequently detected pathogen, accounting for I I% of 
all episodes of diarrhea. Rotaviruses were associated 
with 5% of diarrhea1 episodes and were detected only 
in the under-byear age group, where they accounted 
for 11% of such episodes. Aithough the incidence of 
rotavirus diarrhea was almost half that of ETEC diar- 
rhea in the under-Zyear age group. its impact was 
greater because one in six of the rotavirus diarrheas 
necessitated a visit to the treatment center, whereas 
only one in I5 ETEC diarrheas required treatment. A 
comparison of the etiologies of dehydrating diarrhea1 
illness in 41 children less than 2 years of age indicated 
that 46% of episodes were associated with rotavirus, 
24% were associated with ETEC, and 7% were asso- 
ciated with shigella; in 2l%, a pathogen was not de- 
tected. An estimate was made of the number of chil- 
dren who would have died if fluid replacement therapy 
were not available, if dehydration reached a level of 
7.5% or more, and if 50% of children failed to survive 
with this level of dehydration. The resulting estimate 
was 6.5 deaths per 1000 children less than 2 years of 
age per year. The estimate for rotavirus diarrhea was 
2.9 deaths per 1000 persons less than 2 years of age 
per year (56). The latter estimate is remarkably similar 
to the observed incidence of rotavirus diarrhea severe 
enough to require hospitalization in Washington, D.C. 
Wh 

Rotavirus Subgroups and Serotypes 

The epidemiology of individual serotypes is poorly 
understood because techniques for routine identifica- 
tion of serotype have only recently become available. 
Thus, subgrouping has been used as a surrogate for 
serotyping because among human rotaviruses. 
subgroup 1 includes only serotype 2 strains, whereas 
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subgroup II includes strains of serotypes 1, 3, and 4. 
In a I-year Swedish study, rotavirus isolates from chil- 
dren with gastroenteritis were analyzed by PAGE, 
which permits prediction of subgroup specificity by the 
mobility of RNA segments 10 and I I. Approximately 
one-third of the viruses recovered were subgroup 1, 
while the remainder were subgroup I1 (693). While 
fever and a temperature exceeding 39°C developed sig- 
nificantly more often in children who shed subgroup 1 
virus, the three dominant electropherotypes of 
subgroup 11 rotavirus appeared to be more virulent 
than other strains. The subgroup II viruses were as- 
sociated with a higher rate of hospitalization, more se- 
vere symptoms. and a significantly higher occurrence 
of respiratory symptoms. In contrast, an analysis of 
the electropherotype of rotavirus strains derived from 
children less than 42 months of age treated in the clinic 
or in the hospital in Australia revealed that the etiologic 
agents were similar in both the clinic and hospital 
groups, suggesting that the severity of symptoms was 
associated with inherent host susceptibility rather than 
subgroup of the infecting rotaviruses (521). Overall, in 
various parts of the world, subgroup 11 rotaviruses are 
detected more frequently than subgroup 1 isolates 
(17,294,475,477,621,685,733,773). 

Until recently, rotavirus serotype could only be 
identified by techniques not adaptable to large-scale 
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epidemiologic surveys, such as neutralization of im- 
munofluorescent foci, plaque reduction neutralization, 
roller tube tissue culture neutralization, or solid-phase 
immune electron microscopy. Recently, VW mono- 
clonal antibodies with specificity foGserotype 1. 2, 3. 
or 4 have been developed and are now being utilized 
extensively in epidemiological &dies (39,121,275, 
590,653). It is now possible to identify the serotype of 
a rotavirus present iri stool by ELBA using these mon- 
oclonal antibodies. Thus far, there has been complete 
concordance between (a) serotype determined by 
ELISA and (b) by neutralization with hyperimmune 
antiserum. Several groups have retrospectively sero- 
typed viruses present in stored specimens. In an Aus- 
tralian study in which specimens from neonates in- 
fected asymptomatically in a newborn nursery or from 
infants and young children hospitalized with acute gas- 
troenteritis were analyzed, serotype 1 strains were de- 
tected most frequently during the period 1975-1986 
(Fig. 12) (39). A similar distribution of serotypes, with 
type 1 predominating, has been observed in other lo- 
cations such as Venezuela, Italy, and the Central Af- 
rican Republic (17, J97,216,222). 

Routine identification of serotype by ELBA has 
proven to be essential to the interpretation of clinical 
vaccine trials. However, typing of rotaviruses with se- 
rotype-specific monoclonal antibodies is limited, at 
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Distribution of rotavirus ssrotypes in an Australian hospital among asymptomatically 
neonates and among infants and young children with acute gastroenteritis. (From ref. 



present, to VP7. Because hyperimmune sera used for 
serotyping usually have low anti-VP4 neutralizing an- 
tibody titers, little is known about the distribution and 
epidemiology of different VP4 antigens. 

Rotavirus Infections in Adults 

Rotavirus gastroenteritis in adults has been de- 
scribed in army recruits in Finland as well as in patients 
(some geriatic) and staff in hospitals in England, Swe- 
den, Canada, Finland, South America, Polynesia, and 
China (123,146,201,209,232,266,274,278,293,307,310, 
35l,365,394,404,411,448,449,500,551,643,686,721, 
730,779). Several outbreaks in geriatric groups had a 
high attack rate, and there were some fatalities 
(123.266,307,411). Nonetheless, these outbreaks are 
unusual because of the level of rotavirus immunity that 
most adults have acquired from previous infections. 
Subclinical rotavirus infection appears to be the rule 
in adults. The extent of subclinical infection in adults 
was documented in a study at the Children’s Hospital 
National Medical Center (Washington, D.C.), in which 
22 (55%) of 40 adult household contacts of children 
hospitalized with rotavirus gastroenteritis developed 
serological evidence of rotavirus infection at or about 
the time of their child’s admission to the hospital (365). 
In contrast, only four (17%) of 24 other adults whose 
children were admitted for nonrotavirus gastroenteritis 
developed serological evidence of rotavirus infection. 
Only three of 26 adults with rotavirus infection de- 
veloped a gastroenteric illness. Additional observa- 
tions concerning adult infection were made during a 
prospective family study of diarrhea in families with 
newborn children in Winnipeg, Manitoba, Canada 
(730). Rotavirus infections were observed in adults on 
43 occasions, for an incidence of 0.17 per adult per 
year. The incidence in children was 0.32 per child per 
year. Seventeen adults had gastrointestinal symptoms 
such as diarrhea (14) or abdominal cramps (11). Forty 
percent of adult rotavirus infections were sympto- 
matic, whereas 70% of infections in their children were 
associated with gastrointestinal symptoms (p < 0.001). 
A pattern of intrafamilial spread of rotavirus infection 
and illness from infected infants and young children to 
adults was demonstrated in this study as well as in 
other family studies in the United States and New Zea- 
land (256,552). 

High rates of rotavirus illness in adults have also 
been reported in other situations. An unusual outbreak 
of rotavirus gastroenteritis occurred in adults asso& 
ated with children in a play group (551). Nine children 
15 months to 5 years of age, three of five mothers who 
participated in play-group. activities, four of five fa- 
thers, and each of two grand/parents developed gas- 
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troenteric illness which could be traced to the play 
group. Overall, 18 of 21 individuals developed gas- 
troenteritis, and 10 of 11 persons tested demonstrated 
evidence of rotavirus infection. Other sharp outbreaks 
of rotavirus-associated acute diarrheal illness have 
been described in which individuals of all ages were 
affected (201,394). During an extensive outbreak in an 
isolated South American Indian community in north- 
ern Brazil, the attack rate in adults over 41 years of 
age was 80% (394). 

Rotavirus infections have also been associated with 
travelers diarrhea in certain settings (61,150,361,560, 
593,719). However, these viruses are not considered 
to be major etiological agents of this disease (51,147). 

Group B rotaviruses have been implicated in several 
large outbreaks of severe gastroenteritis in adults in 
various parts of China involving 12,000 to 20,000 in- 
dividuals. Affected individuals developed cholera-like, 
severe, watery diarrhea, and a few elderly patients 
died (310-3 12,479,63 1,724). 

Nosocomial Iufections 

Nosocomial infections with rotavirus occur fre- 
quently (176,452,549,559). For example, in one study, 
10 (17%) of 60 children hospitalized for nondiarrheal 
disease during a period of rotavirus prevalence devel- 
oped a diarrhea1 illness associated with a rotavirus in- 
fection (559). In a l-year period in another hospital 
study, about one of every five rotavirus infections ap- 
peared to be hospital-acquired (452). 

Transmission 

Rotaviruses appear to be transmitted by the fecal- 
oral route. Oral administration of rotavirus-positive 
stool material induces diarrheal illness in volunteers 
(356,357,725). Nevertheless, speculation continues as 
to whether rotaviruses are transmitted by the respi- 
ratory route (233.262.615). Evidence for this is circum- 
stantial and rests on the following: (a) the rapid ac- 
quisition of rotavirus antibodies in the first few years 
of life in all settings, regardless of hygienic standards; 
(b) a few large outbreaks in which a fecal-oral spread 
could not be documented (201); and (c) the occurrence 
of respiratory symptoms in a proportion of patients 
with rotavirus gastroenteritis (262). However, there is 
no experimental evidence to support the respiratory 
mode of transmission. With the exception of two stud- 
ies, neither rotavirus nor rotavirus antigen has been 
detected in respiratory secretions (90,202,229,357, 
643,718). 

The source of infection for the young infant who is 
normally not in contact with other infants and young 
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children with gastroenteritis is not well documented. 
One likely possibility is an older sibling or parent with 
subclinical infection (161,256). Several hospital-based 
studies have shown that a significant proportion of par- 
ents of infants and young children with rotavirus dis- 
ease are infected with rotavirus at or about the time 
of their child’s illness (X1,365,643,686). In addition, 
in a day-care center study, rotavirus shedding prior to 
(as well as after) cessation of diarrhea was found to be 
quite common (520). 

Resistance to physical ina’ctivation may contribute 
to the efficient transmission of the human rotaviruses. 
This inference is drawn from the observed stability of 
simian rotavirus SA-11 and human rotavirus at ambient 
temperature (169,362,459). Al o, it has been shown 
that calf rotavirus present in f L es retains infectivity 
when kept at room temperature for 7 months (179). 
Other observations that also suggest environmental 
contamination as a source of infection include (a) the 
persistence of rotavirus infection in certain newborn 
nurseries and (b) the high frequency of nosocomial ro- 
tavirus infection in hospitals (21,46,104,176,442, 
472,559). Effective disinfection of contaminated ma- 
terial and careful hand-washing may constitute impor- 
tant measures to contain rotavirus infection, especially 
in a hospital or institutional setting (54,380,571,623). 
Although rotaviruses have been detected in raw or 
treded sewage, it is unlikely that contaminated water 
plays an important role in transmission of group A ro- 
taviruses (604). 

There has been speculation on the role of animals 
as a source of rotavirus infection of humans (41 I). This 
speculation has intensified following the observation 
that certain animal rotaviruses, such as the canine and 
feline strains, share a neutralization antigen with the 
third human rotavirus serotype (Table I). However, it 
should be noted that most of the corresponding genes 
of animal and human rotaviruses differ when studied 
by RNA-RNA hybridization (187,353). Thus, there is 
no evidence that animal rotaviruses spread to humans 
(or vice versa) under natural conditions (213,561). 

Incubation Period 

The incubation period of rotavirus diarrhea1 illness 
has been estimated to be less than 48 hr (128). The 
onset of experimentally induced rotavirus diarrhea in 
adult volunteers occurred 2-4 days after challenge 
(356,357). One of the volunteers who developed diar- 
rhea 3 days after virus administration developed a 
fever and vomited on the first day after challenge, in- 
dicating that the incubation period under experimental 
conditions was 1-4 days. 

Geographic Distribution 

Rotaviruses have be:n detected throughout the 
world wherever they have been sought (2,171,342,410, 
507,569,775). Furthermore, these viruses constitute 
major etiologic agents of infantile diarrhea in every 
country where this..disease has been studied by ap- 
propriate techniques. 

Temporal Distribution 

Rotaviruses display a repetitive pattern of infection 
in developed countries, with peaks occurring in the 
cooler months of each year (8,42,66,67,69,84,128,351, 
375,379,451). This recurring pattern was clearly doc- 
umented in the Children’s HQspital National Medical 
Center (Washington, D.C.) ‘study of infants and young 
children admitted with diarrhea1 diseases over an 8- 
year period (Fig. 11) (66). The absence of rotavirus 
infections from July through October (1974 to 1982) 
was a consistent finding; none of the 256 patients sam- 
pled during the July-October intervals shed rotavirus 
in their feces. In contrast, during the month of January, 
‘67% of 250 hospitalized diarrhea patients shed rota- 
virus; during the months of February, 58% of 219 pa- 
tients were rotavirus-positive. Outpatients with diar- 
rhea exhibited a similar pattern. In a Japanese study 
extending from December 1974 through June 1981, ro- 
taviruses were detected in the feces of 66% of 785 pa- 
tients hospitalized with diarrhea during the cooler 
months of December, January, and February and in 
the feces of 56% of 549 children admitted in the spring 
(March, April, and May) (379). In contrast, only 5.6% 
of 576 pediatric patients admitted during the summer 
and autumn months were rotavirus-positive. Although 
the cause for this striking seasonal pattern is not 
known, the influence of low relative humidity in the 
home has been suggested as a factor facilitating the 
survival of rotaviruses on surfaces (65). However, a 
correlation of relative humidity with temporal pattern 
of infection has not been observed in every epidemio- 
logic setting (379,459). A recent analysis of hospitali- 
zations for diarrhea in the postneonatal period and of 
the temporal distribution of rotavirus isolations from 
various centers suggests that rotavirus diarrhea 
spreads from tde west to the east in the United States, 
appearing in the fall in the southwest and spreading 
progressively across the country so that by late winter 
and spring it has reached the northeast (283). 

Since reagents for serotyping human rotaviruses 
from long-term studies have only recently bedome 
available, observations concerning the temporal dis- 
tribution of specific serotypes are limited. However, 



some information is available concerning pattern of 
virus subgroups (69,384,685,773). During the first 48 
years of the Children’s Hospital National Medical Cen- 
ter study, 75% of the 238 rotavirus strains belonged to 
subgroup II while 25% belonged to subgroup 1 (69). 
This distribution was not consistent throughout the 
study, since subgroup I strains constituted 14% of the 
total number from November 1974 to July 1976, 
whereas from December 1977 to June 1978 they ac- 
counted for 46% of the strains studied. The distribution 
of subgroups in outpatients was comparable to that 
observed for inpatients. A survey of the distribution 
of subgroups among rotaviruses detected in patients 
from Sweden, Ethiopia, Guatemala, Costa Rica, Ven- 
ezuela, Belgium, England, Australia, Asia, and other 
parts of Africa revealed that, as in Washington, D.C., 
subgroup II strains also predominated, ranging from 
62% in Guatemala to 100% in Costa Rica and England 
(685,773). The predominance of subgroup I1 strains is 
consistent with emerging data on serotypes as de- 
scribed earlier. It was of interest that in the Venezuelan 
study, illnesses of less than 3 days duration occurred 
significantly more often among hospitalized infants 
and young children in the subgroup I infected group 
than in the subgroup II infected group (733). A more 
definitive pattern of temporal distribution of rotavi- 
ruses should emerge in the near future as strains are 
characterized in terms of both subgroup and serotype. 

The usual seasonal pattern of rotavirus infection ob- 
served in the temperate climates does not occur uni- 
formly in other settings. For example, a significant 
number of rotavirus infections has been documented 
throughout the year in South Africa, during the sum- 
mer in Taiwan, during the “small rains” in Ethiopia, 
during most months in tropical climates (but with peak 
periods during the slightly cooler or dry months), dur- 
ing the summer in a newborn nursery in England, 
throughout the year in a newborn nursery in Australia 
or Venezuela, and during the autumn on a U.S. Indian 
reservation (21,149,161,217,277.407,416,472,508,583, 
584,614,624,680,716). However, a marked seasonal 
pattern of rotavirus infection has been observed in 
Gambia over four consecutive years (epidemics occur 
during the cool, dry season, with a peak in January) 
and in Gabon, in equatorial Africa during the dry sea- 
son months over a l-year period (270,602). 

Age, Sex, Race, Soeioeeonomic Status 

Rotavirus gastroenteritis severe enough to require 
hospitalization occurs most frequently in infants and 
young children from 6 months to 2 years of age (69, 
84,128,376). Infants under 6 months ofage experience 
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the next highest frequency of such illness; in certain 
studies, however, this age group had the highest fre- 
quency (161,467,626,694). However, in the Children’s 
Hospital National Medical Center (Washington, D.C.) 
study, the age distribution of patients admitted to the 
hospital with gastroentetitis of any etiology was dif- 
ferent for black and non-black patients; 59% of all 
black patients admitted for gastroenteritis were 
younger than 6 months of age (69). This difference was 
also reflected in admissions for rotavirus diarrhea. The 
median age of admission for black children with 
subgroup I infection was 5 months, whereas that for 
non-black children was 11.5 months. For subgroup II 
infections it was 8 months and 14 months for black and 
non-black children, respectively. Since the black chil- 
dren were predominantly from less affluent inner-city 
areas, these differences probably reflect the effects of 
crowded living conditions which may have allowed 
earlier and more efficient transmission of the virus. 

The low frequency of clinical illness in most (but not 
all) normal neonates who shed rotavirus remains an 
intriguing paradox which is being actively investigated 
because of its implications for immunoprophylaxis 
(21,47,104,105,320,435,472,534,541,667,680,684,687, 
715). As noted earlier, recent studies demonstrated 
that the gene encoding the outer capsid protein VP4 
of the asymptomatic neonatal rotavitus strains is 
highly conserved and differs from the corresponding 
protein of symptomatic strains (188,194,237). Further,. 
study is required to determine if the highly conserved 
VP4 of asymptomatic neonatal rotaviruses plays an im-. 
portant role in the ability of these viruses to persist 
over a long period of time in newborn nurseries without 
causing significant disease. Rotavirus infection is also 
often subclinical in adults (365). However, it should 
be noted that rotavirus gastroenteritis has been doc- 
umented in older children and adults, who may be im- 
portant in the transmission of rot&us infection to 
young children (and vice versa) (256,271,552,730). 

Clearly, both males and females are’susceptible to 
rotavirus gastroenteritis. The attack rate for males was 
slightly higher than for females in Washington, D.C. 
and in Toronto (69,452). 

Malnutrition is thought to play an important role in 
increasing the severity of clinical manifestations in hu- 
mans during rotavirus infection (79,415). This phenom- 
enon has been demonstrated in an experimental mouse 
model (539). It has also been suggested that repeated 
diarrhea1 infections may be a precipitating factor in the 
development of malnutrition by damaging intestinal 
mucosa so that absorptive cells are compromised over 
an extended period (415,418). In addition, in rural 
Bangladesh, increasing distance from a treatment cen- 
ter correlated with more severe diarrhea1 dehydration 
on presentation (529). 
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Molecular Epidemiology 

Initial investigations of the molecular epidemiology 
of human rotaviruses utilized gel electrophoresis of 
segmented genomic dsRNAs for strain identification 
(electropherotype) and comparison. For example, 
analysis of rotaviruses derived from 116 children hos- 
pitalized with gastroenteritis in Melbourne. Australia 
between 1973 and 1979 identified 17 different electro- 
pherotypes (542). Distribution of electropherotypes 
was not random during the ‘I-year study period but 
showed, instead, a sequential pattern of appearance 
and prevalence. Only a limited number of electro- 
pherotypes were detected at any one time. Character- 
istically, a single electropherotype was predominant, 
often accompanied by less common types. In contrast, 
only two closely related eiectropherotypes could be 
identified among rotaviruses from 72 newborn babies 
studied in seven different hospitals from 1975 to 1979. 
It was remarkable that these two electropherotypes 
had similar RNA patterns and that neither one was 
ever identified in viruses from children hospitalized for 
acute gastroenteritis. One of these electropherotypes 
was detected in nurseries in five different hospitals and 
persisted in one nursery for 4 years. This adds to the 
mystery of neonatal rotavirus infection because the 
year-round occurrence of rotavirus infection in the 
nurseries by viruses of a single distinctive electro- 
pherotype differed from the seasonal pattern involving 
multiple electropherotypes in the genera1 population. 

Similarly, in France, an epidemiologic survey over 
a 16month period in a maternity unit revealed that all 
184 rotavirus fecal samples obtained from 3-and bday- 
old newborns exhibited the same electropherotype. 
This pattern was in sharp contrast to the variable elec- 
tropherotypes found in postneonatal infections (212). 
It should be noted that in a similar study in Venezuela, 
62 (57%) of 108 children shed rotavirus within the first 
few days of life; furthermore, a similar gel migration 
pattern was observed for each of the 52 samples ex- 
amined. Six of the 62 children had diarrhea, but only 
one required oral rehydration therapy (515). 

In further studies in numerous countries, various 
patterns of electrophoretic diversity were observed in 
pediatric patients with diarrhea. However, numerous 
electropherotypes were detected in practically every 
location (5,17.87,98,102,117,165.198,218,231,374,484, 
549,619,622,639,642,644,646). In addition to providing 
evidence for genetic diversity of human rotaviruses as 
well as heterogeneity of circulating rotaviruses, anal- 
ysis of electropherotypes has also provided a method 
for tracing the spread of rotavirus through a population 
group. However, electropherotype cannot be used to 
predict serotype (19,29,218). 

RNA-RNA hybridization studies employing labeled 
ssRNA viral transcripts as probes for genomic RNA 

identified two major families of human rotaviruses 
(193,1%). The 11 genes of most human rotaviruses ex- 
hibit significant homology to the corresponding genes 
of either Wa (serotype I) virus or DS-I (serotype 2) 
virus. On several occasions, human rotaviruses were 
identified that had a mixed genotype, with some genes 
being DS- l-like while others were Wa-like. This’was in- 
terpreted as evidence for gene reassortment during 
coinfection in viva. Hybridization analysis also indi- 
cated that the corresponding genes of most animal vi- 
ruses and human viruses lacked significant homology, 
providing evidence that human rotaviruses do not in- 
fect animals under natural conditions (or vice versa). 

IMMUNITY 

The mechanisms responsible for immunity to human 
rotavirus infections and illness are poorly understood. 
Nonetheless, animal studies have been particularly in- 
structive in elucidating the relative importance of sys- 
temic and local immunity (27,70,76,300,389,395,493, 
611,.739). It was observed that newborn calves fre- 
quently developed rotavirus diarrhea despite a mod- 
erately high level of circulating rotavirus antibodies 
derived from colostrum (739). This observation was 
confirmed experimentally when five calves were fed 
colostrum containing rotavirus antibodies within 24 hr 
of birth and then challenged 7 days later with calf ro- 
tavirus. These calves developed a diarrhea1 illness de- 
spite the presence of a high level of serum rotavirus 
antibodies at the time of challenge. In contrast, two 
calves that were fed color&urn containing rotavirus an- 
tibodies 4 hr before challenge, and 4 and 24 hr after 
challenge with calf rotavirus failed to develop diarrhea 
within the normal incubation period. One of these 
calves developed a mild diarrhea1 illness that did not 
start until the 6th day after inoculation (76,739). 

The relative role of local and systemic rotavirus an- 
tibodies was also examined in newborn lambs (61 I). A 
group of l-day-old lambs was fed colostrum that con- 
tained rotavirus antibodies, and two other groups were 
fed either (a) the same preparation of colostrum on 
days I through 4 or (b) serum containing rotavirus an- 
tibodies on days 2 through 4. Following challenge with 
lamb rotavirus at 2 days of age, the first group of lambs 
developed diarrhea despite the presence of serum an- 
tibodies to rotavirus (acquired from the colostrum), 
whereas the other two groups of lambs did not. These 
observations suggest that antibody in the lumen of the 
small intestine is a major determinant of resistance 
to rotavirus illness. In addition, passively acquired gas- 
trointestinal rotavirus antibodies, but not circulating 
antibodies, have been shown to protect newborn mice 
against experimental rotavirus disease (492). 

In subsequent studies of immunity in experimental 
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animals, additional evidence for a role of rotavirus an- 
tibodies was obtained, but it also appears that other 
immune mechanisms may play an important role. Al- 
though serotype-specific immunity has been demon- 
strated convincingly in several experimental animal 
models, protection could not be explained on this basis 
in other studies (50,72,73,9l,152,403,442,471,493.567, 
609,675,703,740,741). For example, two avirulent bo- 
vine strains were evaluated in gnotobiotic calves for 
their ability to protect against disease following chal- 
lenge with a virulent strain (72). Protection was con- 
ferred by prior infection with either avirulent virus 
even though one of them was not related significantly 
to the virulent challenge virus in cross-neutralization 
tests. Thus, mechanisms other than neutralizing anti- 
bodies, such as cytotoxic T lymphocytes, may also 
play a role in immunity to disease (72,73,496,540). It 
is also of interest that circulating rotavirus antibodies 
can appear in the gastrointestinal tract of neonatal 
calves if the level of circulating antibodies is suffi- 
ciently high; these mucosal antibodies can provide pro- 
tection against experimentally induced infection and 
diarrhea (36). 

Preliminary information concerning correlates of ro- 
tavirus immunity was obtained during a volunteer 
study in which human rotavirus serotype I (“D” 
strain) was administered to 18 individuals by the oral 
route (356,357). Five of the I8 volunteers shed rota- 
virus, and four of the five developed diarrhea1 illness. 
A preexisting high titer of serum neutralizing antibod- 
ies to the homotypic virus or to heterotypic serotype 
2 human rotavirus correlated with resistance to diar- 
rhea1 illness. The relationship of neutralizing activity 
in intestinal fluid to resistance was less clear. Volun- 
teers with a high level (~1:100) of neutralizing activity 
in intestinal fluid to the homotypic virus tended to de- 
velop fewer diarrheal illnesses than those with lower 
levels (~1: IOO), but the difference was not statistically 
significant. The five volunteers who shed rotavirus de- 
veloped a significant increase in intestinal-fluid neu- 
tralizing activity for the homotypic virus. Each of the 
ill volunteers also developed a serum neutralizing an- 
tibody response to the challenge strain and also to het- 
erotypic human rotavirus DS I (serotype 2) as well as 
to bovine rotavirus NCDV (serotype 6). These cross- 
reactive response4 may have implications for vaccine 
development. In another adult volunteer study, the 
level of homotypic &rum antibodies did not correlate 
with proiection (35,725). 

The presence of serum antibody to rotavirus as mea- 
sured by ELBA is not associated with resistance to 
infection or illness (55,110,262). Perhaps the failure of 
serum ELBA antibody to correlate with resistance 
should not be surprising because ELISA measures an- 
tibodks that are mostly directed at the rotavirus group 
antigen. However, rotavirus serum IgA levels were 
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correlated with a protective effect on the severity of 
rotavirus illness (282). Recently, a correlation between 
serum homotypic neutralizing antibodies and resis- 
tance to disease was observed during a study of I- to 
24-month-old infants and young children residing in an 
orphanage (103). A serum neutralizing antibody titer 
of 1: 128 or greater to human serotype 3 was associated 
with resistance to gastroenteritis due to that serotype, 
whereas serum antibody levels of 1:64 or less failed to 
correlate with significant homotypic protection. Serum 
antibodies may only correlate with, and hence reflect, 
local intestinal antibodies that are produced locally 
and/or enter the lumen of the intestinal tract by tran- 
sudation (36,131,282,315,538,618,692.728,760). 

Rotavirus reinfection has been documented fre- 
quently in adult contacts of children with rotavirus ill- 
ness. Many of these reinfections are subclinical. Se- 
quential rotavirus infections were described in a cohort 
of 45 infants and young children studied intensively 
during the first 3 years of life in Santa Maria Cauque, 
Guatemala: One individual experienced only one ro- 
tavirus infection, while 15 individuals had two rota- 
virus infections, 12 had three infections, I2 had four 
infections, four had five infections, and one had seven 
rotavirus infections (417). The distribution of virus se- 
rotypes and severity of illness associated with initial 
infection or subsequent reinfections were not de- 
scribed. In an earlier study, sequential rotavirus ill- 
nesses were observed in infants and young children, 
but these illnesses were associated with strains be- 
longing to different subgroups (759). 

During a prospective study of children in Winnipeg, 
10 of 82 rotavirus infections represented reinfection 
(262). Seven of the IO reinfections were associated 
with gastrointestinal symptoms, a rdate similar to the 
overall rate of gastrointestinal symptoms observed for 
rotavirus infections in this study. Each of the seven 
children who had gastrointestinal symptoms during the 
second infection had also experienced gastrointestinal 
symptoms during their first infection. The three chil- 
dren who underwent silent reinfection also failed to 
develop gastrointestinal symptoms during their first ro- 
tavirus infection. The interpretation and significance 
of these observations awaits serotype analysis of the 
rotaviruses responsible for initial infection and rein- 
fection. Only then will it be possible to define the ex- 
tent and duration of homotypic or heterotypic immu- 
nity. Answers to some of these questions are emerging 
from studies such as those performed in the orphanage 
cited above, as well as from vaccine field trials to be 
described later. 

As noted earlier, there is a relative sparing of neo- 
nates from rotavirus illness despite a high incidence 
and persistence of infection in certain newborn nur- 
series. Sparing cannot be ascribed to breast-feeding 
because both breast-fed and bottle-fed infants develop 
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subclinical infection (105,261). Possibly, a very high 
level of circulating rotavirus antibody acquired trans- 
placentally is responsible for relative resistance to 
disease during neonatal infection, but this remains to 
be determined. It has also been suggested that quali- 
tative or quantitative differences in intestinal enzymes 
required for activation of rotavirus infectivity may be 
responsible for this sparing effect (290). Finally, it 
should be noted that rotaviruses that persist in new- 
born nurseries without causing significant disease bear 
a highly conserved VP4 which is rarely encountered 
on rotavirus strains that cause diarrhea1 disease in 
older infants in the community (194,235). It has been 
suggested that viruses able to persist in newborn nur- 
series without causing significant disease are naturally 
attenuated by virtue of their VP4. 

The important question of whether or not the iin- 
mune response induced by asymptomatic or m ild neo- 
natal infection protects against rotavirus infection and 
illness later in childhood was addressed in an Ausfra- 
lian study (46). Eighty-one babies, 44 of whom were 
rotavirus-positive, and 37 of whom were rotavirus-neg- 
ative during the first 14 days of life, were kept under 
clinical and serologic surveillance for 3 years. The fre- 
quency of subsequent postnatal rotavirus infection was 
almost the same for both groups (54-55%). How- 
ever, when postnatal rotavirus infection occurred, the 
children in the neonatal rotavirus-positive. group de: 
veloped significantly less illness. or if they did bicotie 
ill their symptoms were less severe than those of their 
cohorts who had not been infected neonaally. Thus, 
neonatal rotavirus infection did not protect against 
reinfection, but it did confer partial resistance to dis- 
ease during reinfection. The rotavirus strains respon- 
sible for neonatal infection in this study were of 
particular interest because their RNAs were 
indistinguishable by gel electrophoresis. Q.ne pf the 120 
neonatal strains was identified as serotype 3. This un- . 
usual electropherotype was not identified aniong the . 
strains that induced illness in the study group during : 
the postneonatal period. Thus, infection at birth with 
a rather uniform rotavirus conferred partial protection 
against disease during reinfection with other iotavirus . 
strains that most likely included a variety of serotypes. 
This finding may be of importance to the development 
of an effective strategy for immunoprophytaxis of ro- 
tavirus disease. 

Although there is a paucity of information from 
human studies, it appears that mainly homotypic im- 
munity is induced following the first rotavirus infec- 
tion; this is mediated, in large part, by VP7 and VP4 
antibodies (82,297,402,494,497). Although the neutral- 
izing antibody response to primary rotavirus infection 
in piglets is primarily homotypic, a lower-level het- 
erotypic response commonly occurs involving sero- 
types 1, 3, and 4 (300). Subsequently, in both infants 

and experimental animals the predominantly serotype- 
specfic response is expanded to include other sero- 
types following subsequent reinfection with the same 
or another serotype (“original antigenic sin”) (80-82, 
526,609). It should be noted that one or more neu- 
traIization epitopes on both VP4 and VP7 are shared 
among viruses of serotypes 1, 3, and 4 (405,406,650- 
652,656). Thus, it is not surprising that reirifection with 
a virus of the same serotype amplifies the cross-re- 
active neutralizing antibody response. 

Serotype-specific immunity has been demonstrated 
under experimental conditions in lambs and rabbits 
(115a,609). Furthermore, immunization of cows with 
a single rotavirus serotypc induced neutralizing anti- 
bodies to that strain and to heterotypic strains against 
which these animals had preexisting neutralizing an- 
tibodies but not to strains the animals had not been 
infected with previously (609). In other studies, im- 
munization of cows with a single rotavirus serotype 
induced a marked antibody response to numerous se- 
retypes (81). 

As noted earlier, the VP4 and VP7 proteins inde- 
pendently induce neutralizing antibodies, and each 
outer capsid protein plays a role in resistance to dis- 
ease (297,494,727). In a recent study employing ari ep- 
itope-blocking assay, it was observed that a majority 
of infants and young children fed the live rhesus ro- 
tavirus candidate vaccine developed antibody to the 
major serotype-specific neutralization epitope on VP7 
of RRV, and almost half of the vaccinees also re- 
sponded to a major neutralization epitope on VP4 
(588). This indicates that infection with an attenuated 
vaccine strain which is restricted in its capacity to rep- 
licate in the intestine can induce antibodies to neu- 
tralization epitopes on these protective antigens. 

Observations made during two prospective studies 
suggest that breast-feeding confers partial resistance 
to rotavirus infection during infancy. Seven hundred 
fifty-one neonates who were breast-fed experienced 
fewer rotavirus infections (22%) than did 305 neonates 
in the same nursery who were bottle-fed (58%) (105). 
Furthermore, neonates who were breast-fed shed less 
virus when infected than did bottle-fed neonates. The 
effect of breast-feeding on rotavirus illness could not 
be determined because only 8% of infected rieonates 
developed diarrhea or vomited. None of these infants 
was ill enough to require treatment. In another pro- 
spective study, rotavirus infection was docutiented in 
(a) 55% of 29 infants who were not breast-fed and (b) 
39% of 75 infants who were breast-fed (262). This dif- 
ference was not statistically significant. Serotype-spe- 
citic antibodies have been demonstrated in breast m ilk 
(34). The effect of breast-feeding on the occurrence of 
infantile gastroenteritis needs additional study, since 
the available data do not permit a definite conclusion 
(125,126,200,227,228,281,358,501,503,530.660,669, 
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679.681.682.731). In any event, if breast-feeding does 
prove to transfer immunity to newborns and young in- 
fants, its protective effect will probably be modest. 

CLINICAL FEATURES 

Rotavirus infection produces a spectrum of re- 
sponses that vary from subclinical infection, to mild 
diarrhea. to a severe and occasionally fatal dehydrat- 
ing illness. In a study at Children’s Hospital National 
Medical Center (Washington, D.C.), a comparison was 
made between (a) the clinical manifestations of 78 pa- 
tients hospitalized with rotavirus diarrhea and (b) 72 
patients hospitalized with a diarrhea illness that could 
not bd associated with rotavirus (Table 5) (547). The 
majority of both rotavirus and non-rotavirus patients 
had a temperature of 37.9”C or greater. However, the 
rotavirus group vomited and became dehydrated sig- 
nificantly more often than the rotavirus-negative 
group.‘The mean duration of vomiting as determined 
from history and hospital records was longer in the 
rotavirus group than in the rotavirus-negative group 
(2.6 days versus 0.9 days). Rotavirus diarrhea started 
later than vomiting but lasted longer (mean duration 5 
days versus 2.6 days). After infants and children were 
hospitalized, diarrhea continued for a mean of 2.6 days 
(range: 1-9 days) in the rotavirus group and 3.8 days 
(range: I-16 days) in the rotavirus-negative group. The 
duration of hospitalization ranged from 2 to I4 days, 
with a mean of 4 days for the rotavirus group. It is of 
interest that in Japan, rotavirus infection has been as- 
sociated in some instances with severe diarrhea char- 
acterized by a milky white stool (hakuri) (478). Lab- 
oratory findings in the Children’s Hospital National 
Medical Center study reflected the high frequency of 
vomiting and dehydration associated with rotaviral ill- 
ness (547). A BUN value of greater than 18 ml per dl 
was observed in 58% of the rotavirus-positive group, 
and a urine specific gravity of 1.025 or greater was 
noted in 71%. These rates were significantly higher 
than in the nonrotavirus group. The frequency of aci- 
dosis and electrolyte imbalance did not differ in the 
two groups. 

Over a S-year period in a Toronto hospital, rotavirus 
gastroenteritis was responsible for the death of 21 in- 
fants and young children between 4 and 30 months of 
age (89). Ten of these children were dead on arrival at 
the hospital, and 10 were moribund and could not be 
resuscitated. One of the children was already hospi- 
talized when he’ acquired the disease; this patient had 
been hospitalized- with congestive cardiomyopathy 
which also contributed to his death. With the exception 
of this patient and one otherSchild, each of the children 
who died had been healthy previously. Death occurred 
within’ 1-3 days of onset of symptdms. The major fac- 
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TABLE 5. Clinical characteristics of 150 children 
hospitalized with acute gastroenteritk? 

Percent having each 
clinical finding 

Rotavirus Rotavirus 
infection infection not 
detected detected 

Clinical finding (72 patients) (78 patients) 
Vomiting 96b 586 
Fever 

37.9-39°C 46 29 
>39”C 31 33 
Total 77 

Dehydration 83’ & 
Hypertonic 5 16 
Isotonic 95 77 
Hypotonic 0 6 

Irritability 47 40 
Lethargy 36 27 
Pharyngeal erythema 49 32 
Tonsillar exudate 3 3 
Rhinitis 26 22 
Red tympanic membrane 19 9 

With loss of landmarks 
Rhonchi or wheezing 8 8 
Palpable cervical lymph 18 9 

nodes 

a From ref. 547. 
b p < 0.01 (two children not included). 
“p < 0.01. 

tor causing death was believed to be (a) dehydration 
and electrolyte imbalance in 16 and (b) aspiration of 
vomitus in 3. In the remaining 2, seizures were a con- 
tributing factor. Each of the 16 patients tested had a 
sodium level (serum or vitreous humor) in excess of 
150 mEq/liter; 1 I of the 16 had a sodium level in excess 
of 160 mEq/liter. The rapidly fatal course of untreated 
severe rotavirus gastroenteritis was underscored by 
the fact that the parents of 16 of the 20 children who 
were brought to the hospital had some contact with a 
physician during the course of the illness. Language 
difficulties, combined with the rapid progression of 
fluid depletion, contributed to fatal outcome. 

Rotaviruses can produce a chronic symptomatic in- 
fection in immunodeficient children. For example, 
chronic diarrhea associated with prolonged shedding 
of rotavirus has been described in children with pri- 
mary immunodeficiency or T-cell immunodeficiency 
(581,735). A most unusual aspect of illness in the for- 
mer group was the occurrence of rotavirus antigene- 
mia. 

Rotaviruses pose a special threat to individuals who 
are immunosuppressed for bone marrow transplanta- 
tion. In one study of gastroenteritis in a bone marrow 
transplant unit, eight of 78 patients (average age, 20- 
21 yr) shed rotavirus as the sole pathogen, and five of 
these individuals died (763). The serious consequences 
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of var ious v iral infections ( including rotaviruses) were tavirus detection (267,427): It has the added advantage 
descr ibed in another study of 12 children with severe of being able to detect the non-group A rotaviruses that 
combined immunodeficiency (318). During chronic  in- do not share the common group A antigen (665). Im- 
fection in immunocompromised children, rotavirus has mune electron microscopy is  not necessary for the de- 
been observed to undergo marked changes in its  ge- tection of rotaviruses because the particle has such a 
nome as indicated by abnormal electrophoretic migra- distinct morphologic appearance that it can be readily  
tion patterns of rotavirus RNAs (10,153,309,434.512). identified without the use of an immune serum. 

A temporal association of rotavirus infection with a 
var iety of other conditions has been presented in de- 
sc r iptions of isolated illnesses or s ingle outbreaks (86, 
132,133,I41,175.205,233.258,262,292,318,319,377,378, 
392,429,432,468,48S.498,547,S56.557,568.570,5~1,581~ 
S92,625.626,643,659,700,702,734,743,768,776). Be- 
cause the occurrence of these conditions is  extremely  
rare in comparison to the incidence of rotavirus infec- 
tion, it appears that with the exception of (a) severe 
disease manifestations in immunocompromised pa- 
tients and (b) necrotiz ing enterocolitis and hemor- 
rhagic  gastroenteritis in neonates, lhe association of 
most of the reported complications is  temporal and not 
etiologic. 

DIAGNOSIS 

The c linical manifestations of rotavirus illnesses are 
not sufficiently distinctive to permit diagnosis on this 
basis  alone. Therefore, diagnosis requires detection of 
v irus or v iral antigen and/or demonstration of a sero- 
logic response. The epidemiologic pattern may suggest 
the diagnosis, but laboratory confirmation is  required. 

The negative-staining procedure employed appears 
to be c r itical for the detection and characterization of 
rotavirus particles by electron microscopy. Three 
strains of predominantly double-shelled strains be- 
longing lo groups A, B, or C were degraded to s ingle- 
shelled particles when stained with 2% PTA above pH 
5.0 for 10 set or more, whereas 1% uranyl acetate 
staining (pH 4.3) consistently y ielded undegraded par- 
tic les (481). In addition, staining of group B rotavirus 
with neutral PTA for more than 10 set resuited.in the 
disappearance of nearly  all particles. It was recom- 
mended, therefore, that 1% uranyl acetate (pH 4.3) or 
2% PTA at (pH 4.5) be used for negative staining of 
rotaviruses. For IEM studies, PTA (pH 4.5) was su- 
perior to uranyl acetate in that it allowed c learer v is -  
ualization of antibody and v irus. Degradation of group 
B rotavirus particles with PTA staining was prevented 
by fixation of the specimen with 0.1% glutaraldehyde 
(632). 

Many assays have been developed for the detection 
of rotaviruses in stools. Specimens from the first to 
fourth day of illness  are ideal for v irus detection; how- 
ever, shedding may continue for -9-21 days. depend- 
ing on the duration of symptoms (317). Viral shedding 
usually  coincides with the duration of diarrhea, and 
diarrhea can continue for 2-3 days after the cessat ion 
of v iral shedding (538). Initially, direct v isualization of 
stool material by electron microscopy was employed 
for rotavirus detection (49,60,340,360). It had the ad- 
vantage of high specific ity  because rotaviruses have a 
distinctive morphologic appearance. The electron mi-  
croscope continues to be a mainstay in the diagnosis 
of rotavirai diseases and is  frequently used as the final 
arbiter when discrepancies occur with other tech- 
niques. W hen only a few specimens are to be examined 
for rotavirus, electron microscopy is  the most rapid 
diagnostic method because fecal specimens can be 
stained with phosphotungstic acid (PTA) and exam- 
ined directly within a few minutes of collection. Direct 
electron-microscopic examination of stools permits 
detection of rotavirus in about 90% of the v irus-posi-  
tive  specimens (68). If the specimen is  centrifuged and 
the pellet is  examined after PTA staining, electron mi-  
croscopy is  as sensitive as any other method for ro- 

Numerous methods are available for the detection 
of rotaviruses in stool specimens (336,359). ,The 
method of choice in many laboratories is  the confirm- 
atory ELISA, s ince it is  highly sensitive, does not re- 
quire specialized equipment, and has a “built-in’.’ con- 
trol for nonspecitic  reactions (41,68,348,360,761,765, 
771). A preimmunization or postimmunization goat 
serum is  employed as the solid-phase pre-coat; the 
preimmunization serum acts as the control because a 
specimen must react to a s ignificantly greater extent 
with the well-coated post-immunization goat serum in 
order to be considered positive. Some laboratories rou- 
tinely employ other methods for v irus detection, such 
as counter-immunoelectro-osmophoresis (CIEOP), 
electrophoresis of rotavirus RNA in gel, reverse pas- 
s ive hemagglutination assay (RPHA), or latex agglu- 
tination (I 40,225,242,244,268,276,488,502,525,527; 
572,573,665,666,7O I). Commercial k its  are available 
for the ELISA, latex agglutination, RPHA, and RNA 
electrophoresis assays. Assays without confirmatory 
reagents may y ield false-positive results  (K&532,683). 
Recently, a self-contained enzymic  membrane irnmu- 
noassay (SCEMIA) was developed for detection of ro- 
tavirus from c linical samples (764). It is  rapid, sensi-  
tive, spec ific,  and inexpensive. An enzyme 
immunoassay has also been developed for detection of 
group B rotavirus and for measurement of antibodies 
directed against this v irus (479,480,528,63 I ,720,769). 

Two recently  descr ibed methods for rotavirus de- 
tection deserve special attention. W ith newly  devel-  
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oped procedures, it is now possible to grow human 
rotaviruses directly in cell cultures (43,273,475,579, 
580,695,6%.726.747,749). It appears that rotavirus can 
be grown from at least 75% of stool specimens known 
to contain the virus by other test procedures. The ef- 
ficiency of recovery of rotaviruses from rectal swabs 
using cell culture is considerably less. Growth of ro- 
tavirus in tissue culture makes possible the determi- 
nation of virus serotype by neutralization assay; how- 
ever, serotype can also be determined by (a) ELISA 
or (b) solid-phase IEM using absorbed antisera or se- 
rotype-specific (VP3 monoclonal antibodies for each 
of the six human rotavirus serotypes (30,39,118,120, 
121,220,275,457,590,616,652,655,668,688,699). When 
serotype-specific monoclonal antibody is employed, it 
is used in a sandwich procedure with one or more poly- 
clonal antisera. Rotaviruses may also be “serotyped” 
by nucleotide sequence analysis of the gene encoding 
VW, since there is a high degree of conservation of 
sequence among rotaviruses belonging to the same se- 
rotype (245-247). Serotyping has also been accom- 
plished by hibridization in which single gene substi- 
tution (VP7) reassortants are used as probes (185,453). 
Subgroup analysis is also helpful in the characteriza- 
tion of rotavirus isolates; almost all human subgroup 
1 viruses are also serotype 2. whereas viruses belong- 
ing to the other three epidemiologically important se- 
rotypes bear the subgroup II antigen. Although post- 
infect& sera from gnotobiotic calves administered a 
subgroup 1 or 2 rotavirus were employed initially in 
subgrouping assays, these sera have.been replaced by 
subgroup-specific monoclonal antibodies (251, 
60 1,658). 

Recently, a dot hybridization assay for detection of 
rotaviruses was developed which is based on the in 
situ hybridization of labeled rotavirus ssRNA tran- 
scripts to heat-denatured rotavirus RNA immobilized 
on nitrocellulose membranes (183). The method is 
highly specific, exhibiting excellent concordance with 
other tests such as electron microscop;y, RNA analy- 
sis, and ELISA (154,183). In a compaiative study of 
ELISA and dot hybridization for the detection of ro- 
tavirus in various dilutions of fecal specimens, the dot 
hybridization method was lO- to IOO-fold more sensi- 
tive than the confirmatory ELlSA (183). The limit of 
detection for purified RNA by the dot hybridization 
procedure was 8 pg in a homologous reaction. Rota- 
viruses were detected with high frequency in stool 
specimens that were dotted in Venezuela and mailed 
to the United States, where hybridization was per- 
formed 1 month later. The dot hybridization technique 
also was efficient for detection of rotaviruses from rec- 
tal swab specimens. A variety of other techniques have 
also been described for the detection of rotavirus 
(336,359). , 

There are many techniques for measuring serologic - 

ROTAVIRUSES / 1383 

response to rotavirus infection, such as IEM, CF, im- 
munofluorescence, IAHA, ELISA, neutralization, HI, 
and inhibition of reverse passive hemagglutination (26, 
125,223,257,263,3 14,338,352,369,412,423,424,436, 
464,495,499,574,578,599,738,745,761,762,770,772, 
778). The CF method is about as efficient as the other 
methods for detecting an antibody response in patients 
between 6 months and 24 months of age, but it is not 
as eficient in adults or in infants below 6 months of 
age (263,770). In these age groups, immunofluores- 
cence, ELISA IgG, ELISA IgM, and ELISA IgA are 
more efficient (135,402). An ELISA IgA has been par- 
ticularly effective in demonstrating serologic re- 
sponses in young infants who possess passively ac- 
quired maternal IgG antibodies, since IgA does not 
cross the placenta (135,402). This assay may also be 
used for examining stools for coproantibodies and sa- 
liva for local salivary antibodies (319). With this tech- 
nique, it was shown that fecal IgA antibody levels cor- 
relate well with duodenal IgA antibody levels (257). 
Based on observations from a clinical study in infants 
and children, it has been suggested that rotavirus IgA 
in serum reflects the immunological status of the in- 
testine with respect to this virus (131,280,282). Early 
diagnosis can also be made by ELISA, which can de- 
tect a specific IgM response as early as 5 or 6 days 
after onset of illness. 

It is now possible to measure neutralizing antibodies 
by plaque reduction or by inhibition of cytopathic ef- 
fect in roller tube culture (164,253,273,579.580,695, 
696.749). Neutralization assays yield the most mean- 
ingful information with regard to the identity of the 
infecting rotavirus, and they also permit a determi- 
nation of serotype-specific antibody response (135). 
The plaque reduction neutralization assay is more sen- 
sitive than tube neutralization for detection of anti- 
body, although the latter is slightly more efficient for 
detecting a seroresponse (unpublished studies). A re- 
cently developed competition-solid-phase immunoas- 
say that measures epitope-specific immune responses 
to individual rotavirus serotypes has proven to be es- 
pecially useful in evaluating immune responses to in- 
dividual epitopes. This technique employs the test sera 
as the blocking reagent and uses individual monoclonal 
antibodies as the detecting reagent (588). 

Detection of rotavirus and/or the demonstration of 
a serologic response to rotavirus in an individual pa- 
tient does not necessarily establish an etiologic asso- 
ciation of rotavirus with that patient’s illness (308,334). 
This is especially so in newborns and adults who com- 
monly undergo inapparent infection. 

TREATMENT 

The primary aim of treatment of rotaviral gastroen- 
teritis is the replacement of fluids and electrolytes lost 
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by vomiting and diarrhea. intravenous fluid adminis- 
tration has been used successfully for many years in 
treating dehydration from diarrhea. Because facilities 
for parenteral administration of fluids and electrolytes 
are not readily available in many parts of the world, 
intensive efforts have been made to evaluate the ef- 
ficacy of oral fluid replacement therapy (lS1,564,575). 
In a double-blind study. oral rehydration therapy for 
rotavirus gastroenteritis was successful using electro- 
lyte solutions containing either glucose or sucrose 
(565). In another study of oral rehydration of infantile 
diarrhea of mixed etiology, all of the patients fed glu- 
cose electrolyte solution and 92% of those fed sucrose 
electrolyte solution were treated successfully (482). 
The sucrose group experienced a slower correction of 
electrolyte abnormalities, and a larger proportion of 
patients required more than 24 hr of therapy. It was 
concluded that sucrose could be employed as a sub- 
stitute for glucose but that glucose-electrolyte solu- 
tions were preferable. The standard WHO oral glu- 
case-electrolyte formula is made by adding the 
following to I liter of water: sodium chloride (3.5 g). 
trisodium citrate, dihydrate (2.9 g); potassium chloride 
(I.5 g); and glucose anhydrous (20 g). Sodium bicar- 
bonate (2.5 g) may be substituted for the trisodium 
citrate, dihydrate (2.9 g). The eflicacy of oral glucose- 
electrolyte solutions containing either 90 mmol of so- 
dium per liter (WHO formula as above) or 50 mmol of 
sodium per liter, plus additional electrolytes, has been 
evaluated in well-nourished children who were hos- 
pitalized with acute diarrhea of various causes, in- 
cluding rotavirus but excluding cholera (576). Both so- 
dium concentrations were found lo be safe and 
effective. After correction of the initial calculated fluid 
loss by oral rehydration solution. either water or fluids 
without added electrolytes (such as breast milk or 
some other form of low-solute feeding) should be ad- 
ministered orally in addition to the oral rehydration 
solution; when this regimen is used, both continued 
diarrhea1 fluid and electrolyte losses will be replaced 
and normal daily fluid requirements will be maintained 
(575, 576). Of course, if the oral rehydration regimen 
is not able to correct the fluid and electrolyte loss or 
if the patient is severely dehydrated or in shock, in- 
travenous fluids must be given. 

Human milk containing rotavirus antibodies has 
been used successfully for treatment of immunodeti- 
cient children with chronic rotavirus infection and ill- 
ness (400,58 I). In contrast, colostrum or milk concen- 
trate from COWS immunized with human rotavirus was 
not effective for the treatment of children with acute 
gastroenteritis, although a decrease in the duration of 
virus shedding was observed (145,279). Daily oral ad- 
ministration of rotavirus-antibody-containing colos- 
trum. prophylactically, appeared to exert a protective 

. . 
effect when an orphanage outbreak of rotavirus diar- 
rhea occurred (145). 

The efficacy of several broad-spectrum antiviral 
agents have been examined as inhibitors of rotavirus 
replication in vitro. In this survey, various adenosine 
analogues were found to have antirotavirus activity, 
and it was suggested that this activity resulted from 
inhibition of S-adenosylhomocysteine hydrolase, an 
enzyme involved in regulating methylation required for 
maturation of viral mRNA (370). 

PREVENTIOhl AND CONTROL 

Observations made during epidemiologic and hos- 
pital-based studies throughout the world clearly indi- 
cate the need for prevention of rotavirus disease 
(137,316,317,342,355). The aim of a rotavirus vaccine 
should be to prevent severe rotavirus gastroenteritis 
during the first 2 yearsthe period when rotavirus dis- 
ease is most serious (95-97,342,343.355,752). Consid- 
erable evidence.from studies in animals indicates that 
local intestinal immunity plays the most important role 
in resistance to rotavirus disease. These observations 
suggest that the effectiveness of a rotavirus vaccine 
will depend, in large part, upon its ability to stimulate 
intestinal IgA antibodies and other forms of local im- 
munity. The most effective means of stimulating local 
immunity is thought to be infection involving the local 
site. For this reason, most current efforts in experi- 
mental rotavirus immunoprophylaxis are directed to- 
ward the development of live attenuated virus vac- 
cines. Although progress has been made during the 
past few years in developing various live virus vaccine 
candidates, a number of important issues have been 
raised concerning the most effective strategy to be pur- 
sued. 

First, how effective is homotypic immunity in pre- 
venting reinfection and disease? Reinfection within the 
first few years of life appears to be a common event 
in certain settings, but it has been observed that an 
infant who has a severe bout of rotavirus diarrhea will 
most often have a mild illness during subsequent ro- 
tavirus infection (204,41’7,759). However, it is not 
known whether the reinfecting virus usually or always 
represents a different serotype. For this reason, wide- 
spread use of newly developed methods for (a) iden- 
tifying the serotype of strains recovered from infants 
and children under longitudinal surveillance and (b) 
determining epitope-specific antibody responses, cou- 
pled with a detailed clinical description of each illness 
associated with rotavirus infection, are required in 
order to define the effectiveness and duration of homo- 
typic immunity. 

Recently, new information with regard to this ques- 



lion has emerged from two longitudinal studies of nat- 
urally occurring rotavirus infections. Homotypic im- 
munity against both infection and illness caused by a 
serotype 3 virus was observed in residents of an or- 
phanage who had a pre-outbreak serum homotypic 
neutralizing antibody titer of =‘ I : I28 (103). In another 
study, neonates who were infected in a newborn nurs- 
ery during the tirst 14 days of life with what appeared 
to be a single strain of rotavirus experienced almost 
50% fewer rotavirus diarrhea1 episodes during the next 
3 years than did a cohort of infants who were not in- 
fected with rotavirus while residents of the nursery 
(38% versus 85%) (46). In addition, none of the 24 chil- 
dren infected neonatally developed severe diarrhea1 ill- 
ness on reinfection, whereas eight of the 20 who had 
not been infected neonatally developed severe diar- 
rhea1 illness associated with rotavirus infection. Dur- 
ing the 3-year surveillance period, participants in the 
study were infected with rotavirus strains that exhib- 
ited at least two different electropherotypes, neither 
of which corresponded to that of the strain responsible 
for neonatal infection. These strains were not identi- 
fied as to serotype; however, based on observations 
made in other studies, it is likely that at least two se- 
rotypes were involved, since both “short” and “long” 
RNA patterns were observed. Possibly, the 50% pro- 
tective effect against any diarrhea1 illness observed in 
the longitudinal study reflected homotypic immunity 
induced by infection in the nursery. whereas the ab- 
solute protective effect against severe diarrhea1 illness 
reflected both homotypic and heterotypic immunity. 

If, as suspected, homotypic immunity proves to be 
relatively effective against diarrhea1 illness, the next 
question that must be answered involves the protective 
efficacy of attenuated rotaviruses. Rotavirus infection 
is superficial and-primarily involves the epithelium of 
the small intestine. Experience with mutants of other 
viruses that cause a mucosal infection, such as influ- 
enza A virus and RS virus, indicates that attenuation 
is usually a correlate of decreased viral replication in 
the target organ, which is also the site at which infec- 
tion is initiated (97). Experience with attenuated mu- 
tants of mucosal viruses also indicates that decreased 
replication is associated with a diminished immune re- 
sponse. This means that a delicate balance must be 
achieved between acceptable attenuation and satisfac- 
tory immunogenicity. If the protective efficacy of wild- 
type virus infection is marginal, it may be difficult, if 
not impossible, IO achieve this desired balance with a 
mutant that grows significantly less well in the intes- 
tines. 

Again, observations made during the longitudinal 
surveillance of children infected. during the neonatal 
period may be instructive (29). The neonatal infections 
that occurred in this study appeared to be attenuated, 
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since they were primarily asymptomatic or associated, 
at most, with mild diarrhea. Nonetheless, neonatal 
infection induced immunity to rotavirus diarrhea for 
at least 3 years. Thus, there is a suggestion that a nat- 
urally occurring attenuated infection can protect. 

The third question that must be answered involves 
heterotypic immunity. How many serotypes must be 
included in a rotavirus vaccine in order to provide max- 
imum protection? There are at least four epidemiolog- 
ically important human rotaviruses. This means that 
effective coverage against disease may require a quad- 
rivalent vaccine (serotypes I, 2. 3, and 4). However, 
there is a possibility that sufficient heterotypic im- 
munity to protect against severe rotavirus disease 
could be induced by one or two serotypes. Epidemio- 
logic studies have not been helpful in settling this issue. 

In gnotobiotic calves and piglets, heterotypic im- 
munity has been demonstrated between an animal ro- 
tavirus (bovine, serotype 6) and a human rotavinrs (se- 
rotype I) (755,757.780). Calves infected in ntero with 
bovine rotavirus resisted .challenge with human rota- 
virus at birth. However, in other studies in piglets and 
calves, only homotypic immunity was demonstrated, 
although in certain instances the severity of diarrhea 
was reduced following heterotypic challenge 
(60,215.471,736,740). Whether effective heterotypic 
immunity to each of the four major serotypes of human 
rotavirus can be induced in humans by infection with 
an animal rota&us remains to be determined. Gen- 
erally. heterotypic immunity to viruses is more tran- 
sient than homotypic immunity, and this could limit 
the usefulness of a monotypic “Jennerian” approach 
to rotavirus immunoprophylaxis (342). 

Current strategies for development of a rotavirus 
vaccine range from cell culture cultivation of strains 
obtained from humans or animals to the application 
of recently developed molecular biologic techniques. 
The most extensively ‘evaluated approach is based 
upon the method first used by Edward Jennet in 1798 
for vaccination ofhumans against smallpox (386). Jen- 
ner used a live related animal virus, cowpox, to im- 
munize humans against the virus of smallpox. variola 
virus. The use of this strategy for human rotavirus vac- 
cination was considered when early studies demon- 
strated that human and animal rotaviruses shared a 
common antigen (338,339,738). Thus, infants and 
young children who developed illness following rota- 
virus infection developed a serologic response by com- 
plement fixation not only to the infecting human strain 
but also to various animal strains (338). The feasibility 
of this approach was shown during animal studies in 
which calves administered a bovine rotavirus (sero- 
type 6) in utero were protected from ilIness following 
challenge at birth with a human rotavirus of serotype 
I (757). 
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A high tissue culture passage, cold-adapted, sero- 
type 6 bovine rotavirus NCDV strain vaccine (de- 
signated RIT 4237) was developed by Smith Kline 
RIT and was studied extensively for reactogenicity, 
antigenicity, dose-response, and protective efficacy 
(134- I36,224,269.385,586,638,705,706,708-7 10,712- 
714,717). This nonreactogenic, orally administered 
vaccine virus induced over 80% resistance to clinically 
significant diarrhea in infants and young children 8- 
11 and 6-12 months of age in two separate efficacy 
trials in Finland (705,708). In addition, vaccination of 
neonates appeared to modify the severity of rotavirus 
diarrhea during the lbmonth follow-up period (714). 
However, it failed to induce protection against rota- 
virus diarrhea in trials in certain developing countries: 
as a result, it was withdrawn from further clinical eval- 
uation (136,269). 

A related serotype 6 bovine rotavirus strain desig- 
nated WC3, developed by the Wistar Institute, was 
evaluated during a clinical trial in Philadelphia in 3- to 
IZmonth-old infants (109,l II). Its protective efficacy 
during an outbreak period when serotype I strains 
were predominant was shown to be 76% against any 
rotavirus diarrhea and 100% against moderate to se- 
vere rotavirus diarrhea. Currently, more extensive 
studies are underway with this and related vaccines 
(I 13). 

Another anima1 rotavirus strain, rhesus rotavirus 
(RRV) strain MMU 18006, which is antigenically sim- 
ilar to human rotavirus serotype 3 by neutralization, 
is also under intensive study (l2,l07,l08,l84,190.192. 
341-346,349,353,401,402.516,535,536.638,709,711. 
722,744,753.754). The RRV vaccine has been evalu- 
ated in both developed and developing countries and 
appears to be a promising candidate. Although in some 
settings at the I@ PFU dose it induces a mild. tran- 
sient, febrile response in about one-third of infant vac- 
cinees. it appears to be more antigenic than the other 
attenuated strains as determined by the frequency of 
serum antibody response following vaccination 
(190,709). However, the RRV vaccine has proven to 
be nonreactogenic in neonates (184). This may be of 
some importance because vaccination soon after birth 
may be necessary in developing countries, where im- 
munization is needed most, because JO-49% of neo- 
nates do not have contact with a health care provider 
beyond the newborn period (265). 

In a field trial in I- to IO-month-old infants in Ven- 
ezuela, the vaccine’s overall efficacy rate was 64% 
against any rotavirus diarrhea (192). Moreover, in the 
l- to 4-month age group, vaccine efficacy was 82% 
against any rotavirus diarrhea, whereas its efficacy 
was 90% against the more severe illnesses encountered 
in the entire study group. Results of efficacy trails were 
also encouraging in Maryland, Sweden, and Finland, 
but the vaccine failed to protect 2- to 4-month-old in- 

fants in Rochester or- 2- to S-month-old infants in Ar- 
izona (107,240,34 I ,345,346,576a,71 I). Variability of 
protective efficacy was difficult to understand until the 
strains collected during various trials were serotyped. 
The predominant strains responsible for disease in the 
Venezuelan study were serotype 3, the same serotype 
as the vaccine strain, whereas in the Rochester study 
almost all the strains recovered from ill infants were 
serotype 1; moreover, in the Arizona study almost all 
typed strains belonged t.o serotypes other than sero- 
type 3. These observations suggest that serotype-spe- 
cific immunity is required for protection against ro- 
tavirus diarrhea in young infants not primed by 
previous rotavirus infection (402). Protection against 
heterotypic strains in Finland and Sweden was ob- 
served in older infants and young children who may 
have been primed by previous rotavirus infection 
(240,71 I). Nonetheless, the effectiveness ofa rotavirus 
vaccine will probably be judged by its ability to induce, 
in very young infants, protective antibodies to all of 
the epidemiologically important rotaviruses. 

Failure of the RRV vaccine to induce protection in 
young infants against heterotypic rotavirus strains sug- 
gested that the strategy for development of an RRV 
vaccine required modification. As a consequence, the 
Jennerian approach to rotavirus immunoprophylaxis 
was modified to include the development of a quad- 
rivalent vaccine that incorporated the VP7 specificity 
of each of the four epidemiologically important sero- 
types coupled to the attenuation phenotype of rhesus 
rotavirus (341,345,346,454,455,514). This approach 
took advantage of (a) the segmented genome of rota- 
viruses and (b) the ability of these viruses to undergo 
gene reassortment with high efticiency during coinfec- 
tion (230.250.255.420). Virus reassortants were iso- 
lated from tissue cultures coinfected with a cullivat- 
able, wild-type animal virus (rhesus rotavirus or 
bovine UK rotavirus) and a “noncultivatable” human 
rotavirus (i.e.. a human rotavirus that had not been 
adapted to cell culture, except for serotype 4) 
(454,455). Monospecific antiserum directed against the 
animal rotavirus parent or a set of monoclonal anti- 
bodies directed against the VP7 of the animal rotavirus 
parent was used to select for virus reassortants with 
human rotavirus VP7 neutralization specificity. Using 
this selective pressure, it was possible to isolate reas- 
sortants that derived only the gene segment coding for 
VP7 from the human rotavirus parent, whereas the re- 
maining IO genes were derived from the animal rota- 
virus parent. In this manner, single human rotavirus 
gene substitution reassortants were isolated which 
possessed the human rotavirus gene for VP7 of sero- 
type I, 2.3, or 4 on a background of IO animal rotavirus 
genes. As expected, these reassortants exhibited the 
neutralization specificity of the human rotavirus parent 
(454,455). Since RRV belongs to serotype 3, it was not 



necessary to prepare a RRV-human rotavirus sero- 
type 3 reassortant. Phase I studies of the individual 
RRV-human rotavirus reassortants have been com- 
pleted (190,X4,341,342). Each of the reassortants was 
observed to be similar to its RRV parent with respect 
to attenuation and immunogenicity. Currently under 
evaluation is a quadrivalent rotavirus vaccine formu- 
lation containing single VP7 gene substitution human- 
RRV reassortants with serotype I, 2, or 4 specificity 
and also containing RRV itself as the serotype 3 rep- 
resentative (514). The quadrivalent vaccine is as safe 
and as attenuated as its RRV parent. Various dosage 
schedules are now being evaluated for antigenicity for 
each serotype. 

Another approach to rotavirus immunoprophylaxis 
involves the use of a neonatal human rotavirus strain 
that appears to be naturally attenuated. The impetus 
for evaluating this strain comes from the observation 
that neonates who have experienced a subclinical ro- 
tavirus infection in a nursery during the first I4 days 
of life were protected against clinically significant ro- 
tavirus diarrhea for up to 3 years. The neonatal rota- 
virus strain appeared to be satisfactorily attenuated 
and immunogenic during a phase I trial in infants (K. 
Midthun et al., unpublished observations). A cold- 
adapted strain of a human serotype I virus is also under 
consideration as a vaccine candidate (426). 

Other approaches to immunization are also possible. 
Among these is the use of (a) synthetic viral proteins 
or (b) viral proteins expressed by cloned rotavirus 
cDNA (l3-I5,163,195,203,391,433,562,595,627). As 
noted earlier, the genes encoding the VP7 and VP4 of 
a number of rotavirus strains have been cloned, and 
full-length cDNA is available for expression of the 
outer capsid protein VP7 or VP4 in prokaryotic or eu- 
karyotic cell systems. For example, 45% of VP4 
(amino acids 42-387) has been expressed as part of a 
chimeric protein in Escherichia coli. However, the 
level of neutralizing activity induced by this protein 
was only one-twentieth of the activity stimulated by 
the virus (14,15). Thus, it is unlikely that proteins pro- 
duced in this manner will stimulate an effective pri- 
mary local intestinal immune response, especially if 
the antigen is administered by a parenteral route. How- 
ever, parenteral inoculation of such a protein might 
prove useful in priming an immune response if admin- 
istered before a live attenuated virus vaccine, or it 
might serve to boost an immune response if given after 
a live virus vaccine (159,640.64 1). 

Finally, passive immunization has been shown to be 
effective in preventing rotavirus illness in animals 
(27,76,445,492,494.594,611,612,739). Similar studies 
have now been carried out in infants and young chil- 
dren with promising results (23,145). Various sources 
of passively administered antibodies (such as eggs or 
raw or pasteurized milk) have been suggested 
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(766,767). However, except for special circumstances 
as in immunocompromised individuals, passive im- 
munization is not practical for protection against ro- 
tavirus illness, since it requires repeated administra- 
tion of antibody. 

It is apparent that major advances have been made 
in the quest for a rotavirus vaccine. Available vaccines 
have yielded encouraging signals that rotavirus disease 
can be prevented or modified. If such a vaccine is de- 
veloped, several major issues remain to be addressed, 
such as the optimal dosage and route of administration, 
the optimal age for administration, the effect of lac- 
tation and acid pH of stomach acid on vaccine “takes” 
in an infant, the need for methods to enhance local 
immune response, the feasibility of immunization of 
pregnant women to enhance the level of rotavirus an- 
tibodies in breast milk, the possible emergence of new 
serotypes in nature, the effect of a vaccine on mal- 
nutrition and on mortality in developing countries, 
and, ultimately, the effect of a rotavirus vaccine on 
dual rotaviral bacterial or rotaviral infections, as well 
as the delivery of vaccine into areas of the world where 
it is most needed. 

REFERENCES 

I. Adams WR, Kraft LM. Epitootic diarrhea of infant mice: iden- 
tification of the etiologic agent. Science l963:141:359-360. 

2. Adkins HJ, Escamilla J, Santiago LT. kmod C, Echeverria P. 
Cross H. Two year survey of etiologic agents of diarrhea1 dis- 
eaSe at San Lazaro Hospital, Manila. Republic of Philippines. 
J C/in Microbial 1987:ZS: Il43- 1147. 

3. Albert MJ. Detection of human rotaviruces with a super-short 
RNA pattern. Acfu Puediorr Sand 1985:74:975-976. 

4. Albert MJ, Bishop RF. Cultivation of human rotaviruses in cell 
culture. I Med Virol 1984;13:377-383. 

5. Albert MJ, Bishop RF. Shann FA. Epidemiology of rotavirus 
diarrhea in the highlands of Papua, New Guinea, in 1979. as 
revealed by electrophoresis of genome RNA. / C/in Microbial 
1983;17:162-164. 

6. Albert MJ. Unicomb LE. Bishop RE. Cultivation and char- 
acterization of human rotaviruses with “super short” RNA pat- 
terns. J Chit Microbinl 1987;25: 183- 185. 

7. Albert MJ. Unicomb LE. Tzipoti SR, Bishop RF. Isolation and 
serotyping of animal rotaviruses and antigenic comparison with 
human rotavirus. Arch Viral 1987;93: 12% 130. 

8. Albny MB, Murphy AM. Rotavirus and acute gastroentetitis 
of infants and children. Med J Ausr l976:1:82-85. 

9. Albrey MB. Murphy AM. Rotavirus growth in bovine mono- 
layers. tuncer 1976;1:753. 

10. Allen AM. Desselberger V. Redssortment of human rotaviruses 
carrvine re.artXnPed izenomes with bovine rotavirus. J Gen Virof 
1985&i:2703-27‘i4. - 

I I. Almeida JD. Hall T. BanatVaki JE, Totterdell BM. Cbrvstie IL. 
The effect of trypsin on the growth of rotavirus. J den Viral 
1978;4&213-218. 

12. Anderson EL, Belshe KB, Bartram J. Crookshanks-Newman 
F. Chanock RM, Kapikian AZ. Evaluation of rhesus rotavirus 
vaccine (MMU I8006) in infants and young children. I fnfxr 
Dis 1986;153:823-83 I. 

13. Andrew ME, Boyle DB. Coupar BE, Whltfeld PL. B6th GW, 
Bellamy AR. Vaccinia virus recombinants expressing the SAI 1 
rotavirus VP7 glycoprotein gene induce serotype-specific neu- 
tralizing antibodies. J Virol 1987;61: 1054-1060. 



1388 / CHAI~IXK 49 

14. 

15. 

16. 

17. 

IS. 

19. 

20. 

21. 

22. 

Arias CF. Ballado T, Plebanski M. Synthesis of the outer-cap 
sid glycoprotein of the simian rotavirus SAI I in Escherichia 
co/i. Gene 1986;47:211-219. 
Arias CF, Lizano M. Lopez S. Synthesis in Eschcrichia co/i 
and immunological characterization of a polypeptide containing 
the cleavage sites associated with trypsin enhancement of ro- 
tavirus SAJ I infectivity. J Gen Vi/o/ 1987;68:633-642. 
Arias CF. Lopez S. Bell JR. Strauss JH. Primary structure of 
the neutralization antigen of simian rotavirus SA I I as deduced 
from cDNA sequence. 3 Viral 1984;50:657-661. 
Arista S, Giovannelli L, Passarani N. Titone L. Germ G. Elec- 
tropherofyping of human rotaviruses: an epidemiological sur- 
vey of rotavirus infections in Sicily. Eur J Epidemiol 
l986;2: 104- 107. 
Ashley CR. Caul EO, Clark SKR, Corner BD, Dunn S. Ro- 
tavirus infection of apes. Lancer 1978:2:477. 
Babiuk LA, Mohammed K, Spence L, Fauvel M, Pelro R. 
Rotavirus isolation and cultivation in the presence of trypsin. 
J C/in Micro&b/ 1977;6:610-617. 
Bachmann PA. Bishop RF, Flewert TH, Kapikian AZ. Mathan 
MM. Zissis G. Nomenclature of human rotaviruses: designa- 
tion of subgroups and serotypes. Bull WHO 1984:62:SOl-503. 
Banatvala JE. Chrystie IL. Totterdell BM. Rotaviral infections 
in human neonates. J Am Vel Med Assoc 1978;173:527-530. 
Banfield WC. Kasnic G. Blackwell JH. Further observations . _ . on the virus ot eplzootrc diarrhea of infant mice. An electron 
microscopic study. Virology 1968;36:41 I-421. 

23. Barnes GL. Doyle LW. Hewson PH. et al. A randomised trial 
oforal gamma globulin in low-birth-weigh1 infants infected with 
rotavirus. Lancer 1982:l:l371-1373. 

24. Barnett B. Viral gastroenteritis. Med C/in North Am 
lY83;67:1031-1058. 

25. Bamett BB, Spendlove RS. Clark ML. Effect of enzymes on 
rotavirus infectivity. J C/in Microbial 1979;lO: II l-1 13. 

26. Bartz CR. Conklin R. Steele JH. Glass SE. Rotavirus antibody 
in chickens as measured by enzyme-linked immunosorbent 
blocking assay. Am. J VC~I Res, 1980:41:%9-971. 

27. Bartz CR. Conklin RH. Tunstall CB. Steele JH. Prevention of 
murine rotavirus infection with chicken egg yolk immunoglob- 
ulins. J Infrcr Di.v .l980:142:439-44 I. 

28. Bastard0 JW. McKimm-Breschkin JL, Sonza S. Mercer LD. 
Holmes IH. Preparation and characterization of antisera to 
electropboretically purified SA I I virus polypeptidcs. Infect 
lmmun 1981;34:641-647. 

29. Beards GM. Polymorphism of gebomic RNAs within rotavirus 
serotypes and subgroups. Arch Viral 1982;74:65-70. 

30. Beards GM. Serotyping of rotavirus by NADP-enhanced en- 
zyme-immunoassay. 3 Viral Methods 1987;18:77-85. 

31. Beards GM. Flewett TH. ~erologicalcharacIerisationofhuman 
rotaviruses propagated in cell cultures. Arch Viral 1984;80:23 I- 
237. 

32. Beards GM. Pilfold JN, Thoule$s ME. Flewett TH. Rotavirus 
serotypes by neutralization. J Med Viral t980;5:231-237. 

33. Bell LM, Clark HF. O’Brien EA. Komstein MI. Plotkin SA. 
Oflit PA. Gastroenteritis caused by human rotavirus (scrotype 
three) in a suckling mouse model. Pror Sot &rp Biol Med 
1987:184:127-332. 

34. Bell LM, Clark HF. Offit PA. Slight PH. Arbeter AM, Plotkin 
SA. Rotavirus subtype-specific neuttalizing activity in human 
milk. Am I Dis Child 1988~142~275-278. 

35. Bernstein DI. Ziegler JM, Ward RL. ROtaviruS fecal Id an- 

36. 

37. 

38. 

tibody response in adults challenged with human rota&us. I 
Med Viral 1986;20:297-304. 
Besser TE, Gay CC, McGuire TC. Evermann JF. Passive im- 
munity lo bovine rotavirus infection associated with transfer 
of serum antibody into the intestinal lumen. J Viral 
1988;62:2238-2242. 
Bhan MK, Raj P, Bhandari N, et al. Role of enteric adcnovi- 
ruses and rotaviruses in mild and severe acute enteritis. Pediarr 
Infect Dis J 1988,7:320-323. 
Bican P. Cohen J, Charpilienne A. Scherrer R. Purification and 
characterization of bovine rotavirus cores. J Viro/ 
1982;43:1113-1117. 

39. Birch CJ, Heath RL, Gust ID. Use of serotype-specific mon- 

oclonal antibodies to study the epidemiology of rotavirus in- 
fection. J Med Viro/ 1988;24:45-53. 

40. Birch CJ, Heath RL, Marshall JA, Liu S. Gust ID. Isolation 
of feline rotaviruses and their relationship to human and simian 
isolates bv e&IrODherOtVDc and serotvpe. J Gun Viral 
1985;60:273l-2735. . -. 

41. Birch CJ. Lehmann Nl, Hawker AJ. Marshall JA, Gust ID. 
Comparison of electron microscopy, enzyme-linked immuno- 
sorbent assay. solid-phase radioimmunoassay, and indirect im- 
munotluorescence for detection of human rotavirus antigen in 
faeces. J C/in Parhol 197Y;32:700-705. 

42. Birch CJ. Lewis FA, Kennet ML, Homola M. Pritchard H. 
Gust 1. A study of the prevalence of rotavims infection in chil- 
dren with gastroenteritis admitted to an infectious diseases hos- 
pital. J Med Viral 1977;1:69-77. 

‘43. Birch CJ, Rodgers SM. Marshall JA, Gust ID. Replication of 
human rotavirus in cell culture. I Med Viral 1983;l l:241-250. 

44. Biritwum RB, lsomura S. Yamaguchi H. Toba M. Mingle JA. 
Seroepidemiological study of mtavirus infection in rural 
Ghana. Ann Trop Paediufr 1984;4:237-240. 

45. Bishai FR, Blaskovic P, Goodwin D. Physicochemical prop 
erties of Nebraska calf diarrhea virus hemaggtutinin. Crrn J 
Microbial lYi’8;24: 1425-1430. 

46. Bishop RF. Barnes GL, Cipriani E. Lund JS. Clinical immunity 
after neonatal rotavirus infection. A prospective longitudinal 
study in young children. N Enx/ J Med !983;309:72-76. 

47. Bishop RF, Cameron DJS. Veenstra AA. Barnes GL. Diarrhea 
and rotavirus infection associated with differing regimens for 
postnatal care of newborn babies. J C/in Microbial lY79;9:525- 
529. 

48. Bishop RF. Davidson GP. Holmes IH, Ruck BJ. Virus particles 
in eoithelial cells of duodenal muco.sa from children with viral 
gas&enteritis. Lancer 1973;2:1281-1283. 

49. Bishop RF, Davidson GP. Holmes JH, Ruck BJ. Detection of 
a new virus by electron microscopy of fecal extracts from chil- 
dren with acute gastroenteritis. Lancer 1974:1:149-151. 

50. Bishop RF, Tzipori SR. Coulson BS. Unicomb LE, Albert MJ. 
Barnes CL. Helerologous protection against rotavirus-induced 
disease in gnotobiotic piglets. J C/in Microbial 1986;24:1023- 
1028. 

51. Black RE. Pathogens that cause travelers’ diarrhea in Latin 
America and Africa. Rev Infect Dis [Suppl] 1986;8:Sl31-135. 

52. Black RE. Brown KH. Becker S, Alim ARMA. Hug 1. Lon- 
gitudinal studies of infectious diseases and physical growth of 
children in rural Bangladesh. II. Incidence of diarrhea and as- 
sociation with known uathoeens. Am J Epidrmiol . . 
1982;115:315-324. 
Black RE, Brown KH. Becker S. Yunus M, Longitudinal stud- 
ies of infectious diseases and physical growth of children in 
rural Bangladesh. I. Patterns of morbidity. Am J Epidemiol 
1982;ll5:305-314. 
Black RE, Dykes AC, Anderson KE. et al. Handwashing to 
prevent diarrhea in day-care centers. Am I Epidemiol 
l981;113:445-451. 
Black RE. Greenberg HB. Kapikian AZ, Brown KH. Becker 
S. Acquisition of seturn antibody to Norwalk virus and rota- 
virus in relation to diarrhea in a longitudinal study of young 
children in rural Bangladesh. J fnfecf Dir 1982:145:483-489. 
Black RE. Merson MH, Huq 1. Alim ARMA. Yunus M. In- 
cidence and severity of rotavirus and firherichia co/i diarrhoea 
in rtual Bangladesh. Implications for vaccine development. 
Lancet 1981;1:141-143. 
Black RE. Merson MH. Miinur Rahman ASM, et al. A 2 year 
study of bacterial, viral -and parasitic agents associated with 
diarrhea in rural Bangladesh. J lnfecr Dis lY80;142:660-664. 
Blacklow NR, Echeverria P. Smith DA. Serological studies 
with reovirus-like enteritis agent. Infect fmmun 13:1563-1566. 
Bohl EH, Saif LJ, Theil KW. Agnes AC. Cross RF. Porcine 
pararotavirus: detection, differentiation from rotavirus, and 
pathogenesis in gnotobiotic piglets. J C/in Microbial 
l982;I5:312-319. 
Bohl EH, Theil KW. Saif LJ. Isolation and serotyping of por- 
cine rotaviruses and antigenic comparison with oIher rotavi- 
ruses. J C/in Micmbiol 1984;lY~:lOS-1 Il. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

- 



I 

i 

61. Bolivar R, Conklin RH, Vollett JJ, et al. Rotavirus in travelers’ 
diarrhea: study of an adult student population in Mexico. J 
Infer1 Dis 1918;13?:324-321. 

6la.Bonsdorffvon C-H, Svensson L. Human serogroup C rotavirus 
in Finland. Stand J Infect Dis 1988;20:475-478. 

62. Both GW, Mattick JS, Bellamy AR. Serotype-specific glyco- 
protein of simian I I rotavirus: coding assignment and gene se- 
quence. Proc Narl Acod Sci USA 1983;80:3091-3095. 

63. Both GW. Siegman LJ. Bellamy AR, lkegami V. Slatkin AJ, 
Furuichi Y. Comparative sequence analysis of rotavirus ge- 
nomic segment bthe gene specifying viral subgroups I and 
2. J Vfrol 1984;97-101. 

64. Brade L, Schmidt WAK. Gatrert I. Zur relativen wirksameit 
von Desinfectionsmittaln gegenuber rotaviren. Zentralbl Eok- 
teriol Microbial Hyg [B] 1981;174: ISl- 159. 

65. Brandt CD, Kim HW, Rodriguez WJ, Arrobio JO, Jeffries BC, 
Parrott RH. Rotavirus gastroenteritis and weather. J C/in Mi- 
crobiol 1982;16:478-482. 

66. Btandt CD. Kim HW, Rodriguez WJ. et al. Pediatric viral gas- 
troenteritis during eight years of study. J Clin Microbial 
1983;18:71-78. 

67. Brandt CD, Kim HW, Rodriguez WJ. et al. Gastroenteritis and 
human reovirus-like agent infection during the 1975-76 out- 
break: an electron microscopic study. C&r Pror Children’s 
Hosp 1977;33:21-26. 

68. Bsandt CD, Kim HW. Rodriguez WJ, et al. Comparison of 
direct electron microscopy, immune electron microscopy. and 
rotavirus enzyme-linked immunosorbent assay for detection of 
gastroenteritis viruses in children. J C/in Mirrobiol 
1981;13:976-981. 

69. Brandt CD, Kim HW, Yolken RH. et al. Comparative epide- 
miology of two rotavirus serotypes and other viral agents as- 
sociated with pediatric gastroenteritis. Am J Epidemio! 
1979;110:243-254. 

70. Bridger JC, Brown JF. Development of immunity to porcine 
rotavirus in piglets protected from disease by bovine colostrum. 
hfecr lmmun 198l;31:906-910. 

71. Bridger JC, Clarke IN, McCiae MA. Characterization of an 
antigenically distinct porcine rotavirus. lnfecr lmmun 
1982:35: 1058-1062. 

72. Bridger JC, Oldham G. AviruIent rotavirus infections protect 
calves from disease with or without inducing high levels of 
neutralizing antibody. J Gen Vird 1987;68:2313-2317. 

73. Bridger JC, Pocock DH. Variation in virulence of bovine ro- 
tavirus. 3 Hyg (Land), 1986;96:257-264. 

74. Bridger JC. PedIey S, McCrae MA. Group C rotaviruses in 
humans. J C/in Microbial 1986;23:760-763. 

75. Bridger JC. Novel rotaviruses in animals and man. Ciba Found 
Symp 1987;128:5-23. 

76. Bridger JC, Woode GN. NeonataI calf diarrhoea: identification 
of a reovirus-like (rotavirus) agent In faeces by imrnunofIuo- 
rescence and immune electron microscopy. Br Ver J 
1975;131:528-535. 

77. Bridger JC, Woode GN. Characterization of two particle types 
of calf rOtaVirUS. / Gen Viral 1976;31:245-250. 

78. Brown DW. Beards GM. Chen GM, Flewett TH. hevalence 
of antibody to group B (atypical) rotavirus in humans and an- 
imals (1987). J Clin Microbial 1987;25:316-319. 

78a.Brown DWG, Mathan MM, Mathew M, et al. Rotavirus epi- 
demiology in Vellore. South India; group, subgroup, serotype, 
and electropherotype. J Chin Microbial 1988:26:2410-2414. 

79. Brown KH. GiImaa RH, Gaffar A, et al. Infections associated 
with severe proteincalorie malnutrition in hospitalized infants 
and children. Nun Rcs 1981;1:33-46. 

80. BNSSOW H. Hilpert H, WaIther I. Sidle J, Mietens C. Bach- 
mann P. Bovine milk immunoglobulins for passive immunity 
to infantile rotavirus gasuoenteritis. J Cfin Microbial 
1987;25:982-986. 

81. BNSSOW H, Walther I. Fryder V, Sidoti J, Bruttin A. Cmss- 
neutralizing antibodies induced by sir&e serotype vaccination 
of cows with rotavirus. J Gen Viral lP88;69:1647-1658. 

82. BNSS~W H, Werchau H, Lemer L, et al. Semconversion pat- 
terns to four human rotavirus serotypes in infants hospitalized 
with acute rotavirus gastroenteritis. ,lInfecr Dis 1988;158:588- 
595. 

RO.I.AVIKUSES I 1389 

83. BNSSOW H, Werchau H. Liedtke N. et al. hevalence of an- 
tibodies to rotavirus in different age-groups of infants in Bc+ 
chum, West Germany. J In&-f Dis 1988;157:1014-1022. 

84. Bryden AS. Davies HA, Hadley RE. Flewett TH, Morris CA. 
Oliver P. Rotavirus enteritis in the West Midlands during 1974. 
Lonrer 1975;2:241-243. 

85. Bryden AS. Thouless ME. Flewerl TH. A rabbit rotavirus. Ver 
Ret 1976;99:323. 

86. Buffett-Janvresse C. Berhard E, Magard H. Responsabilite des 
rotavirus dam les diarrhees du noumsson. Nom* Presse Med 
1976;5:1249-1251. 

87. Buitenwerf J, Muilwijk-van Alphen M, Schaap GJP. Charac- 
terization of rotaviral RNA isolated from children with gas- 
troenteritis in two hospitals in Rotterdam. J Med Viral 
19X3:12:71-78. 

88. Burns JW, Greenberg HB, Shaw RD. Estes MK. Functional 
and topographical analysis of epitopes in the hemagglutinin 
(VP4) of the simian rotavirus SAI 1 J Viro/l988;62:2l(l4-2172. 

89. Carlson JAK. Middleton PJ. Szymanski M. Huber J. Petric M. 
Fatal rotavirus gastroenteritis An analysis of 21 cases. Am J 
Dis Child 1978:132:477-479. 

90. Cat-r ME, McKendrick GDN, Spryidakis T. The clinical fed- 
tures of infantile gastroenteritis due to rotavirus. Scund J Injkf 
Dir 1976;8:241-243. 

91. Castrucci G, Frigeri F. Angelillo V. Ferrari M, Cilli V. Ald- 
rovandr V. Field tnal evaluation of an inactivated rotavirus 
vaccine againsl neonatal diarrhea of calves. Ear J Epidemiol 
1987;3:5-9. 

92. Caust J, Dyall-Smith ML. Lazdins I, Holmes IH. Glycosyla- 
tion, an important modifier of rotavirus antigenicity. Arch Viral 
1987;%:123-134. 

93. Champsaur H, Henry-Amar M, GoldsLmidt D, et al. Rotavirus 
carriage, asymptomatic infection, and disease in the first two 
years of life. II. Serological response. J Irxfect Dis 
l984;149:675-682. 

94. Champsaur H. Questiaux E, Prevol J. et al. Rotavirus carriage. 
asymptomatic infection and disease in thefirst two years: virus- 
shedding. J Infect Dis 3984;149:667-674. 

95. Chanock RM. Strategy for development of respiratory and gas- 
frointestinal viral vaccines in the 1980’s. Joseph E. Smodel Me- 
morial Lecture. J infpcr Dk 1981;143:364-374. 

%. Chanock RM. New opportunities for development of safe, ef- 
fective live virus vaccines. Yule J Biol Mud 55:361-367. 

97. Chanock RM, Wyatt RG, Kapikian AZ. Immunization of in- 
fants and young children against rotavirus gastroenteritis- 
prospects and problems J Am Vet Med Assoc 1978:173:570- 
572. 

P8 Chanock SJ, Wenske EA. Fields BN. Human rotavirus and 
genome RNA. J Infict Dis 1982;148:49-50. 

99. Charpilienne AZ, Borras F, D’Auriol L. Galibert F. Cohen J. 
Sequence of the gene encoding the outer glycoprotein of the 
bovine rotavirus (RF strain) aud comparison with homologous 
genes from four bovine, simian and human mtaviruses. Ann 
Ins! Pasreur 1986;137:71-71. 

100. Chen G, Fan R. Guox X, Hung T. Group C rotavirus found in 
sporadic diarrhoea in China. I Exp Viral 1988;2:1-3. 

101. Chen CM, Hung T, Bridger JC, McCrae MA. Chinese adult 
rotavirus is a group B rotavirus. Loncrr 1985:2:1123-l 124. 

102. Chiba Y, Miyazaki C, Makino Y. et al. Rotavirus infection of 
young children in two districts of Kenya from 1982 to 1983 as 
analyzed by electrophoresis of genomic RNA. J C/in Microbial 
l984;19:579-582. 

103. Chiba S, Yokoyama T. Nakata S, et al. Protective effect of 
naturally acquired homotypic and heterotypic rotavirus anti- 
bodies. Lancer 1986;2:417-421. 

104. Chrystie IL, Totterdell B. Baker MJ. Scopes JW. Banatvala 
JE. Rotavirus infections in a maternity unit. Lnncer 1975;2:79. 

105. Chrystie IL, Totterdell BM. Banatvala JE. Asymptomatic en- 
demic rotavirus infections in the newborn. Lancer 1978;l: Il76- 
1178. 

106. Chrystie IL, Totterdell BM, Banatvala JE. False positive ro- 
tazyme tests on faecal samples from babies. Lunccr 
lP83:2:1028. 

107. Christy C, Madore HP, Pichtchero ME. et al. Field trial of 



__ ..- -- _-. .- 

13%) / CHAFER 49 

rhesus rotavirus vaccine in infants. Pediarr Infect Dis J 
1988;7:645-650. 

108. Chrisly C. Madore HP, Treanor JJ. et al. Safety and immu- 
nogenicity of live attenuated rhesus monkey rotavirus vaccine. 
J Infecr Dis 1986;154:1045-1047. 

109. Clark HF. Borian RE. Bell LM. Modesto K, Gouvea V, Plotkin 
S. Protective effect of WC3 vaccine against rotavirus diarrhea 
in infants during a predominantly serotype I rotavirus season. 
J Infect Dis 1988:158:570-587. 

I IO. Clark HF. Dolan KT, Horton-Slight P. Palmer 1. Plotkin SA. 
Diverse serologic response to rotavirus infection of infants in 
a single epidemic. fediurr In/ecr Dis 1985;4:626631. 

I I I Clark HF. Furukawa T. Bell LM. Oflit PA, Perrella PA, Plotkin 
SA. Immune response of infants and children to low-passage 
bovine rotavirus (su-ain WC3). Am J Dis Child 1986;140:350- 
356. 

112. Clark HF. Hoshino Y, Bell LM, et al. Rotavirus isolate WI61 
representing a presumptive new human serotype. J C/in Mi- 
rrobiol 1987;25:1757- 1762. 

113. Clark HF. OffIt PA, Dolan KT, et al. Response of adult human 
volunteers to oral administration of bovine and bovine/human 
reassortant rotavirus. Vuccine 1986;4:25-31. 

114. Cohen J. Laeorte J, Chamilienne A. Scherrer R. Activation of 
rotavirus RNA polymeraie by calcium chelation. Arrh Viral 
1979:60: 177-186. 

t IS. Cohen J, Lefeurc F, Estes MK. Bremont M. Cloning of bovine 
rotavirus (RF strain): nucleotide sequence of the gene coding 
for the major capsid protein. Virology 1984;138:178-182. 

I 15a.Conner ME. Estes MK. Graham DY. Rabbit model of rotavirus 
infection. J Viral 1988;62:1625-1633. 

116. Connor JD. Barrett-Connor E. infectious diarrheas. Pediorr 
Clin North Am 1%7;14: 197-221. 

117. Couison BS. Variation in neutralization epitopes of human ro- 
taviruses in relation to genomic RNA polymorphism. Virology 
1987:159:209-216. 

118. Coulson BS. Fowler KJ. Bishop RF. CottonRGH. Neutralizing 
monoclonal antibodies to human rotavirus and indications of 
antigenic drift among strains from neonates. J Viral 198554: 14- 
20. 

119. Co&on BS. Fowler KJ. White JR. Colton RG. Non-neutral- 
rring monoclonal antibodies to a trypsin-sensitive site on the 
major glycoprotein of rotavirus which discriminates between 
virus serolypes. Arch Viral 1987;93: 199-211. 

120. Coulson BS. Tursi JM, McAdam WJ. Bishop RF. Derivation 
of neulralizing monoclonal antibodies IO human rotaviruses and 
evidence that an immunodominant neutralization site is shared 
between serotypes I and 3. Virology 1986:30:302-312. 

121. Coulson BS, Unicomb LE. Pitson GA, Bishop RF. Simple and 
specific enzyme immunoassay using monoclonal antibodies for 
serotyping human rotaviruses. J Clin MicrobioI 1987:25:509- 
515. 

122. Cramblett HJ, Siewers CMF. The etiology ofgastroenteritis in 
infants and children with emphasis on the occurrence of si- 
multaneous mixed viral-bacterial infection. Pediafrirs 
1%535;885-889. 

123. Cubbitt WD. Holzel H. An outbreak of rotavirus infection in 
a long-stay ward of a geriatric hospital. J C/in Pufhol 
1980;33:306-308. 

124. Cukor G. Blacklow NR. Human viral gasrroenteritis. Microhiol 
Rev 1984;48:157-179. 

125. Cukor G. Blacklow NR. Capozza FE. Zebra FK, Panjvani ZF. 
Bednarek F. Persistence of antibodies to rotavirus in human 
milk. J C/in Microbial 1979;9:93-96. 

126. Cushing AH, Anderson L. Diarrhea in breast-fed and non- 
breast-fed infants. Pediorrkt 1982;70:921-925. 

127. Dai GZ. Sun MS. Liu SC). et al. First report of an epidemic of 
diarrhea in human neonates involving the new rotavirus and 
biological characteristics of the epidemic virus strain (KMBI 
RSS). J Med Viral 1987;22:365-373. 

128. Davidson GP. Bishop RF, Townlee RR, Holmes IH. Ruck BJ. 
Importance of a new virus in acute sporadic enleritis in chil- 
dren. Luncer 1975;1:242-245. 

129. Davidson GP. Gall DB. Petric M, Butler DG, Hamiltort JR. 

Human rotavirus enteritis induced in conventional piglets. In- 
testinal st~cturc and transport. 1 cfiti Invesf tY77;60:1402- 
1409. 

130. Davidson GP, Goller 1, Bishop RF, Townlee RRW. Holmes 
IH, Ruck BJ. lmmunofluorescence in duodenal mucosa of chil- 
dren with acute enteritis due to a new virus. J Chin Porhol 
1975;28:263-266. 

I3 I _ Davidson GP, Hogg RI, Khubakaron CP. Serum and intestinal 
immune response to rolavirus enteritis in children. Infect 
lmmun 1983;40:447-452. 

132. Dearlove I, Latham P. Dearlove B. Pearl K. Thomson A, Lewis 
IG. Clinical range of neonatal rotavirus gastroenteritis. Br Med 
J 286:1473-1475. . 

133. D&age G, McLaughlin B, Berlhiaume L. A clinical sludy of 
rotavirus gastroenteritis. J Pcdiorr 1978;93:455-457. 

134. Delem A. Berge E. Brucher JM. Lobmann M. Zygraich N. The 
neumvirulence of human and animal rotaviruses in cercopi- 
thecus monkeys. J Biol Stand 1985;13:lO7-I 14. 

135. Delem A. Vesikari T. Detection of serum antibody responses 
to RIT 4237 rotavirus vaccine by ELISA and neutralization 
assays. J Med Viral 1987:21:231-238. 

136. De Mol P, Zissis Cl. Butzler JP, Mutwewingbabo A. Andre FE. 
Failure of livt, attenuated oral rotavirus vaccine. Luncer 
1986:2: 108. 

137. de Zqysa 1, Feachem RG. Interventions for the control of dii- 
rheal diseases among young children: rotavirus and cholera im- 
munization. Bu/I WHO 1985;63:569-583. 

138. Dimitrov DH. Shindaro; LM, Rangeloua S. Occurrence of an- 
tigenically distinct rotaviruses in Bulgaria. EurJ C/in Micra&/ 
1986;5:471-473. 

139. Dingle JH, Badger GF, Jordan WS. Illness in fhe home: a xrudy 
of 25.000 illnesses in a group of Clevelandfamilies. Cleveland, 
Ohio: Case Western Reserve University Press, 1964;19-32. 

140. Doern GV, Herrman JE. Henderson P. Stobbs-Walro D. Per- 
ron DM. Blacklow NR. Detection of rotavirus with a new poly- 
clonal antibody enzyme immunoassay (Rotatyme II) and a 
commercial latex agglutination test (Rotalex): comparison with 
a monoclonal antibody eniyme immunoassay. J C/in Microbial 
1986;23:226-229. 

141. Dominick HC. Maas G. Rotavirus infectionen im kindersalter. 
K/in I’adiarr 1979;191:33-39. 

142. Drozdov SG. Shekoyan LA, Korolev MB. Andzhaparidzc AC. 
Human rotavirus in cell culture: isolation and passaging. Vopr 
Virus01 1979;4:389-392. 

143. Dyall-Smith ML, Holmes iI$. Sequence homology between 
human and animal rofavirus serotype-specific glycoproteins. 
Nucleic Acids Res 1984;12:3973-3982. 

144. Dyall-Smith ML, Lazdins I, TregearGW. Holmes IH. Location 
of the major antigenic sites involved in rotavirus serotype-spe- 
cific neutralization. Pr& Nurf Acud Sci USA 1986;83:3465- 
3468. 

145. Ebina T;Sato A, Umezu r<: et al. Prevention of rotavirus in- 
fection by cow colostrum containing antibody against human 
rotavirus. Lancer 1983~2: lOi9-1030. 

146. Echeverria P. Blacklow NR. Cukor GG. Vibulbandhitkit S. 
Changchawalit S. Boonthai P. Rotavirus as a cause of severe 
gastroenteritis in adults. J Cfin Microbial 1983;18:663-667. 

147. Echevenia P, Blacklow NR. Sanford LB. Cukor GC. Trav- 
elers’ diarrhea among American Peace Corps volunteers in 
rural Thailand. J Infect Dis 1981;143:767-771. 

148. Echevenia P. Burke DS. BlackJow NR. Cukor G. Charoenkul 
C. Yanggratoke S. Age-specific prevalence of antibody to rn- 
tavirus, Ercherichiu coli. heat labile enterotoxin. Norwalk 
virus, and hepatitis A virus in a rural community in Thailand. 
J C/in Mkrobol 3983;17:923-925. 

149. Echevenia P, Ho MT, Blacklow NR. et al. Reiative importance 
of viruses and bacteria in the etiology of pediatric diarrhea in 
Taiwan. J In&f Dk l977;136:383-390. 

150. Echeverria P, Ramirez G, Blacklow NR. Siazek TK. Cukor G, 
Cross JH. Travelers’ diarrhea among US Army troops in South 
Korea. J fnfect Dis 1979:139:215-219. 

151. Editorial (Aganval A.) A cure for a killer-but how to deliver 
it? Narure 1979:278:389-391. 



152. Eidcn J, Ledemtan HM, Vonderfecht S, Yolken R. T-cell-dc- 
ticient mice display normal recovery from experimental rota- 
virus infection. J Viral 1986:S7:706-708. 

153. Eiden J, Losonsky GA, Johnson J, Yolken RH. Rotavirus RNA 
variation during chronic infection of immunocompromised chil- 
dren. Pediufr Infect Dis 1985;4:632-637. 

154. Eiden J, Sato S, Yolken R. Specificity of dot hybridization 
assay in the presence of rRNA for detection of rotaviruses in 
clinical specimens. J Clin Microhiol 1987;25:1809-181 I. 

lS5. Eiden J. Vonderfecht S, Theil K, Torres-Medina A. Yolken 
RH. Genetic and antigenic relatedness of human and animal 
strains of antigenically distinct rotaviruses. I I&cr Dis 
1986;154:972-982. 

156. Elias MM. Separation and infectivity of two particle types of 
human rotavirus. I Grn Viral 1977;37: 191-194. 

157. Elias MM. Distribution and titers of rotavirus antibodies in dif- 
ferent age groups. J Hyg (Land) 1977;79:365-372. 

158. Elleman TC, Hoyne PA. Dyali-Smith ML, et al. Nucleotide 
sequence of the gene encoding the serotype-specific glycopro- 
tein of UK bovine rotavirus. Nucleic Acids Res 1983;11:4689- 
4701. 

159. Emini EA, Jameson BA, Wimmer E. Identification of multiple 
neutralization antigenic sites in poliovirus. In: Chanock RM. 
Kemer RA, eds. Modern approaches to vaccines: molrculur 
and chemical bask of virus virulence and immunogcniriry. 
Cold Spring Harbor, New York: Cold Spring Harbor Labo- 
ratory. 1984;65-75. 

160. England JJ, Poston RP. Electron microscopic identification and 
subsequent isolation of a rotavirus from a dog with fatal neo- 
natal diarrhea. Am J Vef Res 1980;41:782-783. 

161. Engleberg NC, Holburt EN, Barrett TJ. et al. Epidemiology 
of diarrhea due IO rotavirus on an Indian reservation: risk fac- 
tors in the home environment. I Infect Dis 1982;145:894-898. 

162. Esparza J. Viera De Torres 8. Pinero A. Carmona FO, Mazzali 
De llja R. Rotavirus in Venezuelan children with gastroenter- 
itis. Am J Trop Med Hyg 1!?77r26:148-151. 

163. Estes. MK. Crawford SE. Penaranda ME. et al. Synthesis and 
immunogenicity of rotavirus major capsid antigen using a bac- 
ulovirus expression system. / Viral 1987;61:1488-1494. 

164. Estes MK, Graham DY. Identification of romvirus of different 
origins by theplaquereduction test. AmJ VerRes 1980:41:ISI- 
152. 

165. Estes MK, Graham DY. Dimitrov D. The molecular epide- 
miology of rotavirus gastroenteritis. frog Med Viral 1984:29:1- 

‘24. 
166. Estes MK, Graham DY. Gerba CP, Smith EM. Simian rota- 

virus SAL I replication in cellcultures. J Viru/1979;39:810-815. 
167. Estes MK. Graham DY. Mason BB. Proteolytic enhancement 

of rotavirus infectivity: molecular mechanisms. J Viral 
19X1 ;39:879-888. 

168. Estes MK. Graham DY. Ramig RF, Ericson BL. Heterogen- 
‘_ icity in the structural glycoprotein (VW) of simian rotavirus 

SAlI.‘Viro/ogy 1982;122:8-14. 
169. Estes MK; Graham DY, Smith EM. Gerba CP. Rotavirus sta- 

bility and inactivation. J Gen Viral 1979;43:403-409. 
170. Estes MK. Meson BB,Crawford S, Cohen J. Cloning and nu- 

cleotide sequence of the simian rotavirus gene 6 that codes for 
the major inner capsid protein. Nucleic Acids Rcs 
1984;12:1875-1887. 

171. Estes MK. Palmer EL, Obijeski JF. Rotaviruses: a review. 
Curr Top Microbial Immutwl 1983;lOS: 123-184. 

172. Eugster AK, Strother 1. Harttiel DA. Rotavirus (reovirus-like) 
infection of neonatal ruminants in zoo nursery. J Wild/ Dis 
1978;14:351-354. 

173. Femelius AL, Ritchie AE. Classick LG, Norman JO, Mebus 
CA. Cell culture adaptation and propagation of a reovinrs-like 
agent of calf diarrhea from a field outbreakjp Nebraska. Arch 
Ger Virusforschung 37: I 14- 130. 

174. flewett TH. Diagnosis of enteritis virus. Proc R Sot Med 
1976;69:693-6%. 

175. Flewett TH. Clinical features of rotavirus infections. In: Tyrrell 
DAJ, Kapikian AZ. eds. Virus iqfections ofrhe gastroinfestinal 
tract. New York: Marcel Dekker. 1982;125-145. 

ROTAVIRUSIXS I 1391 

176. Hewett TH. Rotavirus in the home and hospital nursery. Br 
Med J l983;287:568-569. 

177. Flewett TH. Bryden AS, Davies H. Virus particles in gastroen- 
teritis. Lancet 1973:2: 1497. 

178. Flcwett TH, Bryden AS, Davies H. Virus diarrhea in foals and 
other animals. VPI Ret 1975:97:477. 

179. Flewett TH, Bryden AS, Davies H. Epidemic viral enteritis in 
a long-stay children’s ward. Loncrr 1975;1:4-S. 

180. Flewelt TH, Bryden AS, Davies H. Woode GN, Bridger JC. 
Demck JM. Relationship between virus from acute gastroen- 
leritis of children and newborn calves. tnncer 1974:2:61-63. 

181. Flewett TH. Davies H, Bryden AS, Robertson MJ. Diagnostic 
electron microscopy of feces. II. Acute gastroentetitis asso- 
ciated with reovinrs-like particles. J C/in P&o/ 1974:27:608- 
614. 

182. Flewett TH, Thouless ME, Pilfold JN, Bryden AS. Candeias 
JAN. More serotypes of human rotaviruses. Lance? 1978; 
2:632. 

183. Flares J. Boeggeman E, Purcell RH, et al. A dot hybridization 
assay for detection of rotavirus. Lancer 1983;1:555-559. 

184. Flares J, Daoud G, Daoud N, et al. Reactogenicity and anti- 
genicity of rhesus rotavirus vaccine MMU 18006 in newborn 
infants in Venezuela. Pediarr Inferr Dir J 1988;7:77&780. 

185. Flores J, Green K, Garcia D. et al. A dot hybridization assay 
for distinction of human rotavirus serotypes. J C/in Microbial 
1989:27:29-34. 

186. Flares I. Greenberg HB, Myslinski J, et al. Use of transcription 
probes genotyping rotavirus reassortants. Virology 
1982;121:288-295. 

187. Rores J. Hoshino Y, Boeggemen E. Purcell R, Chanock RM, 
Kapikian AZ. Genetic relatedness among animal NtaViNSeS. 
Arch Viral 1986:87:273-285. 

188. Flares J, Midthun K, Hoshino Y, et al. Conservation of the 
fourth gene among rotaviruses recovered from asymptomatic 
newborn infants and its possible role in attenuation. I Viral 
1986;60:972-979. 

189. Flores J, Myslinski J, Kalica AR, et al. In vitro transcription 
of two human rotaviruses. J Viral 1982;43:1032-1037. 

190. Flares J. Perez-Schael I. Blanc0 M, et al. Reacrogenicity and 
antigenicity of two human-rhesus rotavirus reassortant vaccine 
candidates serotypes I and 2 in Venezuelan infants. J C/in Mi- 
cro&/ 1988:27:512-518. 

191. Flares J, Perez-Schael 1. Boeggeman E, et al. Genetic relat- 
edness among human rotaviruses. J Med Viral 1985;17:135- 
143. 

192. Flores J, Perez-Schael I. Gonzalez M. et al. Protection against 
severe rotavirus diarrhea by rhesus rotavirus vaccine in Ven- 
ezuelan infants. Lancer 1987; 11882-884. 

193. Flares J, Perez I, White L, et al. Genetic relatedness among 
human rotaviruses as determined by RNA hybridization. hfecr 
lmmun 1982;37:648-655. 

194. Flares J. Sears J, Green K, et al. Genetic stability of rotavirus 
strains recovered from asymptomatic neonates. J Vi& 
1988;62:4778-478 I. 

195. Flores J. Sereno M. Kalica A. Keith J. Kapikian A. Chanock 
R. Molecular cloning of rotavirus genes- implications for im- 
munoprophylaxis. In: Chanock RM, Lemer RA. eds. Modern 
upproacher 10 vaccines: mokculor and chrmicol bask of virus 
virulence and immuno~miciry. Cold Spring Harbor, New 
York: Cold Spring Harbor Laboratory. 1983;159-164. 

1%. Flares J. Sereno M, Lai CJ, et al. Use of single-stranded ro- 
tavirus RNA transcripts for the diagnosis of rotavirus infection. 
the study of genetic diversity among rotavimses, and the mo- 
lecular cloning of rotavirus genes. In: Compans RW. Bishop 
DHL, eds. Double-srranded RNA viruses. Amsterdam: Else- 
vier. 1984;115-127. 

197. Flares J. Taniguchi K. Green K, et al. Relative frequency of 
rotavirus serotypes I. 2, 3 and 4 in Venezuelan infants with 
gastroentcritis. J C/in Microbial 1988;26:2092-2095. 

198. Follett EAC, Desselberger U. Cocirculation of different rota- 
ViNS strains in a local outbreak of infantile gastrwnteritis: 
monitoring by rapid and sensitive nucleic acid analysis. J Med 
Viral I983 ; 11:39-52. 



1392 i CHAFTEK 49 

199. 

200. 

201. 

202. 

203. 

204. 

205. 

206. 

207. 

208. 

209. 

210. 

211. 

212. 

213. 

214. 

215. 

216. 

217. 

218. 

219. 

220. 

221. 

Fonteyne J, Zissis G, Lambert JP. Recurrent rotavirus gas- 
troenteritis. Lancer J978;1:983. 
Forrnan MR. Graubard BI. Hoffman HJ, Beren R, Harley EE, 
Bennett P. The Pima infant feeding study: breast feeding and 
gastroenteritis in the fust year of life. Am J Epidemiol 
1984; 119:335-355. 
Foster SO, Palmer EL, Gary GW Jr, et al. Gastroenteritis due 
to rotavirus in an isolated Pacific Island group: an epidemic of 
3439 cases. J In/err Dis 1980;141:32-39. 
Fragosa M, Kumar A. Murray DL. Rotavirus in nasopharyn- 
geal secretions of children with upper respiratory tract infec- 
trans. Diagn Microbial Infecf Dis 1986:4:87-88. 
Francavilla M, Miranda P. Di Mattco A, Sarasini A, Gema G, 
Milanesi G. Expression of bovine rotavinrs neutralization an- 
tigen in Escherichia coli. J Gen Viral 1987;68:2975-2980. 
Friedman MG. Gab1 A. Sarov B, et al. Two sequential out- 
breaks of rotavirus gastroenteritis: evidence for symptomatic 
and asymptomatic reinfections. /In/err Dis 1988;158:814-822. 
Fugita Y. Hiyoshi K, Wakasugr N. et al. Transient improve- 
ment of the West syndrome in two cases following rotavirus. 
No To Hattutsu 1988;20:59. 
Fukosho A, Shimizu Y, Ito Y. Isolation of cytopathic porcine 
rotavirus in cell roller culture in the presence of trypsin. Arch 
Viral J 98 J ;69:49-60. 
Fukuhara N, Yoshie 0. Kitaoka S. Konno T. Role of VP3 in 
human rotavirus internalization after target cell attachment via 
VP7. J Viral 1988;62:2209-2218. 
Fukuhara N, Yoshie D, Kitaoka S, Konno T, Ishida A. Evi- 
dence for endocytosis-dependent infection by human rotavirus. 
Arch Viral 1987;97:93-99. 
Galil A, Antverg R, Katzir G, et al. Involvement of infants, 
children and adults in a rotavirus gastroenteritis outbreak in a 
kibbutz in southern Israel. J Med Viral 1986;18:317-326. 
Gall DG. Pathophysiology of viral diarrhea. In: McChmg HI. 
ed. Report of rhe seventy-fourth Ross conference on pediatric 
research: etiology. pathophysiology, and treafmenf of acute 
gasrroenreritis. Columbus, Ohio: Ross Laboratories, \978;66- 
68. 
Garbarg-Chenon A, Bricout F. Nicolas JC. Serological char- 
acterization of human reassortant rotaviruses. J Viral 
J986;59:510-513. 
Garbarg-Chenon A, Brussieux I, Boisivon A, Nicolas JC, Bri- 
tout F. Epidemiology of human rotaviruses in a maternity unit 
as studied by electrophoresis ofgenomic RNA. EurJEpidemiof 
1985;1:33-36. 
Garbarg-Chenon A, Nicolas JC. Bouvier M, et al. Epidemio- 
togic and genorpic study of rotavirus strains infecting young 
children and calves in the same rural environment. Ear J Ep- 
idemiol 1986;2: 108- I 11. 
Gary GW Jr, Black DR, Palmer E. Monoclonal IgG to the inner 
capsid of human rotavit-us. Arch Virof 1982;72:223-227. 
Gaul SK. Simpson TF. Woode GN, Fulton RW. Antigenic re- 
lationships among some animal rotaviruses: virus neutraliza- 
tion in vitro and cross-protection in piglets. J Chin Microbial 
1982:16:495-503. 
Georges-Courbot MC, Beraud AM, Beards GM, et al. 
Subgroups, serotypcs and electropherotypes of rotavirus iso- 
lated from children in Bangui. Central African Republic. I C/in 
Microbial 1988;26:668-671. 
Georges MC, Wachsmuth IK, Meunier DMV. et al. Parasitic, 
bacterial and viral enteric pathogens associated with diarrhea 
in the Central African Republic. I C/in Microbial J984;19:S71- 
515. 
Getna G, Arista S. Passarani N. Satasini A. Battagha M. Elec- 
tropherotype heterogeneity within serotypes of human rota- 
virus strains circulating in Italy. Arch Viral l987;95:129-135. 
Gema G, Battaglia hf. Milencsi G. Passarani N, Percivallc E, 
Cattanco E. Serotyping of ceU culture-adapted subgroup 2 
human rotavints strains by neutralization. Infecr Immun 
1984;43:722-729. 
Gema G. Passarani N. Battaglia M, PercivaJle E. Rapid se- 
retyping of human rotavirus strains by solid-phase immune 
electron microscopy. J Clin Microbial 1984;19:273-278. 
Gema G, Sarasini A. di Matte0 A. Parea M, Orsolini P. Bat- 

222. 

223. 

224. 

22s. 

226. 

227. 

228. 

-229. 

230. 

231. 

232. 

233. 

234. 

235. 

236. 

237. 

238. 

239. 

240. 

241. 

242. 

243. 

tagiia M. Identification of two subtypes of serotype 4 human 
rotavirus by using VP7-specific neutmhzing monoclonal anti- 
bodies. J Clin Microbial 1988;26:138&1392. 
Gema G, Passatani N. Stuasini A. Battagha M. Characteri- 
zation of serotypcs of human rotavirus strains by solid-phase 
immune electron microscopy. J Infecr Dis 1985;152:1 J43-1151. 
Gbose LH, Schnagl RD. Holmes IH. Comparison of an enzyme 
linked im’munosorbent assay for quantitation of rotavirus an- 
tibodies with complement fixation in an epidemiological sur- 
vey. J Clin Microbial 1978;8:26&276. 
Ciammanco G. De Grandi V. Lupo L. et al. Interference of 
oral polio vacine on RIT 4237 oral rotavirus vaccine. Ear J 
Epidemid 1988;4:121-123. 
Gilchrist MI. BretI TS, Moultney K, Knowlton DR, Ward RL. 
Comparison of seven kits for detection of rotavirus in fecal 
specimens with a sehsitive. specific enzyme immunoassay. 
Diagn Microbiof Infecr Dis J987;8:221-228. 
Glass RI, Keith J, Nakagomi 0. ctal. Nucleotide sequence of 
the structural glycoprotein VP7 gene of Nebraska calf diarrhea 
virus rotavirus: comparison with homologous genes from four 
strains of human and animal rotaviruses. Virology 
1985;141:292-298. 
Glass RI, Stall BJ, Wyatt RG, Hoshino Y. Ban” H, Kapikian 
AZ. Observations questioning a protection role for breast-feed- 
ing in severe rotavirus diarrhea. Acfo Poediorr Stand 
1986;75:713-718. 
Glass RI. Svennerholm A-M, Stoll BJ, et al. Protection against 
cholera in breast-fed children by antibodies in breast milk. N 
Engl J Med 1983;308:1389-1392. 
Goldwater PN, Chrystic IL, Banatvala JE. Rotaviruses and tbe 
respiratory tract. Br Medl 1979;2:lSSl. 
Gombold JL, Ramig RF. Analysis of reassortment of genome 
segments in mice mixedly infected with rotaviruses SAI I and 
RRV. J Viral 1986;57:110-116. 
Gomez JA. Biscotti EL, Bercovich JA. Grinstein S. Epide- 
miology of human rotaviruses in Argentina as determined by 
RNA genome electrophoresis. lnrewirology 1986;26:174-180. 
Gomez-Barreto J, Palmer EL, Nahmias AI. Hatch MH. Acute 
enteritis associated with reovirus-like agents. JAMA 
1976;253:1857-1860. 
Gordon AG. Rotavirus infections and the sompe syndrome. I 
Infecr Dis 1982;146:117-118. 
Gorzigha M, Aguirre Y, Hoshino Y, et al. VP7 serotype-spe- 
cific glycoprotein of OSU porcine rotavirus: coding assignment 
of gene sequence. J Gen Viral 1986;67:2445-2454. 
Gorziglia M, Green K, Nishikawa K. et al. Sequence of the 
fourth gene of human rotaviruses recovered from asympto- 
matic or symptomatic infections. J Virol 1988;62:2978-2984. 
Gorziglia M, Nishikawa K, Green K, Taniguchi K. Gene se- 
quence of the VP7 scrotype specific glycoprotein of Gottfried 
porcine tvtavirus. Nucleic Acids Res 1988; 16:77S. 
Gorziglia M, Ho&no Y, Buckler-White A, ct al. Conservation 
of amino acid sequence of VPS and cleavage regJo3 of 84-kDa 
outer capsid protein among rotaviruses recovered from asymp- 
tomatic neonatal infection. Proc Narl Acnd Sci USA 
1986;83:7039-7043. (Erratum in PNAS 1987;84:2062.) 
Gorziglia M, .Hoshino Y, Nisbikawa K. et al. Comparative se- 
quence analysis of the genomic segment 6 of four rotaviruses 
each with a different subgroup specificity. J Gen Viro/ 
1988;69:1659-1669. 
Gorziglia M, Nishikawa K. Green K, Tanigucbi K. Gene se- 
quence of the VP7 serotype-specific gIycoprotein of Gottfried 
porcine rotavirus. Nucleic Acids Res 1988;16:775. 
Gotbefors L. Wadeli G, Juto P, Tanigucbi K, Kapikian AZ, 
GIass RI. Prolonged efficacy of rhesus rotavirus vaccine in 
Swedish children. J Infect Dis 1989;15%753-757. 
Gouvca VS. Alencar AA, Barth OM. et al. Diarrboea in mice 
infected with a human rotavitus. J Gen Viral 1986;67:577-583. 
Goyal SM. Rademacher RA, Pomeroy KA. Comparison of 
electron microscopy with three commercial tests for detection 
of rotavirus in animal feces. Diagn Microbial fnfecr Dis 
J987;6:249-254. 
Graham DY, Dufour GR, Estcs MK. Minimal infective dose 
of rotavirus. Arch Viral J987;92:261-271. 

. . 



244. Graubclle PC, Genner I, Meyhng A, Homskth A. Rapid di- 
agnosis of rotavirus infections: comparison of electron mi- 
croscopy and immunoelectro-osmophoresis for the detection 
of rotavirus in human infantile gastroenteritis. -I Gen Viral 
1977;35:203-218. 

245. Green KY, Hoshino Y. lkcgami N. Sequence analysis of the 
_ gene encoding the serotype-specific glycoprotein (VW) Of tW0 

new human rotavitus serotypes. Virology 1989;168:429-433. 
246. Green KY, Midthun K. Goniglia M, Hoshino Y. Kapikian AZ. 

Chanock RM. Comparison of the amino acid sequences of the 
major neutralization protein of four human rotavirus serotypes. 
Virology 1987;161:153-159. 

247. Green KY, Sears IF. Taniguchi K. et al. Prediction of human 
rotavirus serotype by nucleotide sequence analysis of the VP7 
protein gene. I Viral 1988;62:1819-1823. 

248. Greenberg HB, Flares J, Kalica AR, Wyatt RG, Jones R. Gene 
coding assignments for growth restriction. neutralization and 
subgroup specificities of the W and DS-1 strains of human ro- 
tavinrs. / Gen Viral 1983$X313-320. 

249. Greenberg HB, Kalica AR, Flares J. et al. Gene coding as- 
signments for rotaviruses studied with genetic reassortants and 
monoclonal antibodies. In: Compans RW, Bishop DHL, eds. 
Double-srranded RNA viruses. Amsterdam: Elsevier. 
1983;289-30’2. 

250. Greenberg HB. Kalica AR, Wyatt RG, Jones RW, Kapikian 
AZ, Chanock RM. Rescue of noncultivatable human rotavi- 
ruses by gene reassortment during mixed infection with IS mu- 
tants of a cultivatable bovine rotavirus. Proc Nafl Acad Sci 
USA 1981;78:420-424. 

2Sl. Greenberg HB, McAuliffe V. Valdesuso J, et al. Serological 
analysis of the subgroup protein of rotavirus, using monoclonal 
antibodies. In/ecr Immun 1983;39:91-99. 

252. Greenberg HB, Midthun K. Wyatt R, et al. Use of reassortant 
- rotaviruses and monoclonal antibodies to make gene-coding 

assignments and construct rotavirus vaccine candidates. In: 
Chanock RM. Lemer RA, eds. Modern approaches lo vat- 
tines: molecular and chemical basis of virus virulence and im- 
munogeniciry. Cold Spring Harbor, New York: Cold Spring 
Harbor Laboratory, 1964;319-327. 

253. Greenberg HB, Valdesuso J, Van Wyke K. et al. Production 
and preliminary characterization of monoclonal antibodies di- 
rected at two surface proteins of rhesus rotavirus. J Viral 
1983;47 ~267-275. 

254. Greenberg HB, Vo FT, Jones R. Cultivation and characteri- 
ration of three strains of mutine rotavirus. J Viral 1986$X85- 
590. 

255. Greenberg HB, Wyatt RG, Kapikian AZ, Kalica AR, Flares J, 
Jones R. Rescue and serotypic characterization of nonculti- 
vatable human rotavirus by gene reassortment. Infict Immun 
1982;3f:104-109. 

256. Grimwood K. Abbott GP. Ferguson DM, Jennings LC, AUan 
JM. Spread of roCavims within families: a community based 
study. Br Med J 1983:287:575-577. 

257. Gtimwood K. Lund JCS. Coulson BS, Hudson IL, Bishop RF, 
Barnes GL. Comparison of serum and mucosal antibody re- 
sponses following severe acute rotavirus gastroenteritis in 
young children. J Chin Microbial 1988;26:732-738. 

258. Grunow JE. Dunton SF, Warier JL. Human rotavirus-like par- 
ticles in a hepatic abscess. J Pediarr 1985;106:73-76. 

259. Guerrant RL. Kirchoff LV, Schields DS. et al. Prospective 
study of diarrbeal illnesses in Northeastern Brazil: patterns of 
disease, nutritional impact, etiologies, and iisk factors. Jlnfecr 
Dis 1983;148:986-997. 

260. Gunn PR, Sato F, Powell KF, et al. Rotavirus neutralizing pro- 
tein VP7: antigenic determinants investigated by sequence 
analysis and peptide synthesis. J Viral 1985;54:791-797. 

261. Gutwith M. Wenman W, Gin-with D, Bntnton J, Feltham S, 
Greenberg H. Diarrhea among infants and young chiJdren in 
Canada: a longitudinal study in the three northern communities. 
J Infect Dir 1983;147:685-692. 

262. Gut-with M, Wenman W, Hinde D, Feltham S. Greenberg H. 
A prospective study of rotavirus infection in i?fants and young 
children. J Infea Dis 1981;144218-224. 

263. Gust ID, Pringle RC. Barnes GL, Davidson GP, Bishop RF. 

ROTAVIRUSES / 139.3 

Complement-futing antibody response to rotavirus infection. J 
Clin Microbial 1977;5: 125-130. 

264. Halsey NA, Anderson EL, Sears SD. et al. Human-rhesus reas- 
sortant rotavirus vaccines: safety and immunogenicity in 
adults. infants and children. J Znferr Dis 1988;158:1261-1267. 

265. Halsey N. Gala&a A. The efficacy of DPT and oral polio- 
myelitis immunization schedules initiated from biih to 12 
weeks of age. Bufl WHO 1985;63:1151-1169. 

266. Halvosrud J, Ostravik I. An epidemic of rotavirus-associated 
gastroenteritis in a nursing home for the elderly. Stand J rnfect 
Dis 1980:12:161-164. 

267. Hammond GW, Ahluwaha GS, Barker FG. Horsman G, Ha- 
zelton PR. Comparison of direct and indirect enzyme immu- 
noassays with direct ultracentrifugation before electron mi- 
croscopy for detection of rotaviruses. J Clin Microbial 
1982;16:53-59. 

268. Hammond GW. Ahluwalia GS, Klisko B. Hazelton P. Human 
rotavirus detection by counterimmunwlectrephoresis versus 
enzyme immunoassay and electron microscopy after direct ul- 
tracenttifugation. J Clin Microbial 1984;19:439-441. 

269. Hanlon P. Hanlon L, Marsh V, et al. Trial of an attenuated 
bovine rotavirus vaccine (RIT 4237) in Gatnbirm infants. Loncet 
1987;1:1342-1345. 

270. Hanlon P, Hanlon L, Marsh V, et al. Epidemiology of rotavirus 
in a pcriurban Gambian community. Ann Trap Paediatr 
1987;7:238-243. 

271. Ham M. Mukoyama J. Tsuruhara T. Ashiwara Y. Saito Y, 
Tagaya 1. Acute gastroenteritis among school children asso- 
ciated with reovirus-like agent. Am J Epidemiol 1978;107:161- 
169. 

272. Hasegawa A, Inouye S, Matsuno S. Yamaoka K, Eke R, Su- 
haryono W. Isolation of human rotavirus with a distinct RNA 
electrophoretic pattern from Indonesia. Microbial lmmunof 
1984;28:719-722. 

273. Hasegawa A, Matsuno S, lnouye S. et al. Isolation of human 
rotaviruses in primary cultures of monkey kidney cells. J Clin 
Microbial 1982;16:387-390. 

274: Haug KW, Orstavik 1, Kvelstad G. Rotavirus infections in fam- 
ilies. Clinical and virological study. Stand J Infect Dir 
1978;10:265-269. 

27.5. Heath R, Birch C, Gust 1. Antigenic analysis of rotavirus iso- 
lates using monoclonal antibodies specific for human serotypes 
I, 2. 3 and 4. and SAII. J Gen Viral 1986;67:2455-2466. 

276. Henmann JE, Blacklow NR. Perron DM, et al. Enzyme im- 
munoassay with monoclonal antibodies for the detection of ro- 
tavirus in stool specimens. J Infecf Dis 1985;152:830-832. 

277. Hieber JP. Shelton S. Nelson JD. Leon J, Mob E. Comparison 
of human rotavirus disease in tropical and temperate settings. 
Am J Dis Child 1978;132:853-858. 

,278. .Hildreth C. Thompson M, Ridgway GL. Rotavirus infection in 
an obstetric unit. Br Med J 1981;282:231. 

279.. Hilpert H. BNSSOW H, Mietens C. Sidoti J, Lerner L, Werchau 
.H. Use of bovine milk concentrate containing antibody to ro- 
.tavirus to treat rOEWiNS gastroenteritis in infants. J Infect Dis 
1987;156:158-166. 

280. Hjelt K. Grauballe PC, Andersen L, Schiotz PO. Howitz P, 
Ktasilnikoff PA. Antibody response in serum and intestine in 
children up to six months after a naturally acquired rotavi~s 
gastmenteritis. J Pediatr Gastroenterol Nurr 1986;5:74-80. 

281. Hjelt K. Grauballe PC, Nielsen OH, Schiotz PO. Ktasilnikoff 
PA. Rotavirus aotibodies in the mother and her breast-fed in- 
fant. J Pediarr Gastroenterol Nulr 1985;4:414-420. 

282. Hjelt K. Grauballe PC, Paerregaard A. Nielsen OH, Krasil- 
nikoff PA. Protective effect of preexisting rotavirus-specific 
immunoglobulin A against naturally acquired rotavirus infec- 
tion in children. J Med Viral 1987;21:39-47. 

283. Ho M-S, Glass RI, Pinsky PF, Anderson LL. Rotavirus as a 
cause of diarrheal morbidity and mortality in the United States. 
Jfnfecf Dis 1988;358:1112-1116. 

284. Ho M-S, Glass RI, Pinsky PF, et al. Diarrhea1 deaths in Amer- 
ican children. Are they preventabk? JAMA 1988:260:3281- 
3285. 

285. Hodes HL. American Pediatric Society presidential address. 
Pediatr Res 1976;10:201-204. 



-- 

1394 / CHAPIXR 49 

286. 

287. 

288. 

289. 

290. 

291. 

292. 

293. 

294. 

295. 

2%. 

297. 

298. 

299. 

300. 

301. 

302. 

303. 

304. 

305. 

306. 

307. 

308. 

309. 

Hades HL. Viral gastroenteritis. Am JDis Child 19?7;131:729- 
731. 
Hofer JM, Sato F. Street JE, Bellamy AR. Nuclcotide sequence 
for gene 6 of rolavlrus strain S2. Nucleic Acids Res 
1987;15:7175. 
Holmes IH. Rotaviruses. In: Joklik WK. ed. The Reoviridue. 
New York: Plenum Press, 1983;359-423. 
Holmes IH, Mathan M. Bhat P, et al. Orbiviruses and gas- 
lroenteritis. Lancer 1974;2:658-659. 
Holmes IH, Rodger SM. Schnagl RD. et al. 1s lactase the re- 
ceptor and uncoating enzyme for infantile enteritis 
(rota)viruses? Lancer 1976;1:1387-1389. 
Holmes IH. Ruck Bl. Bishop RF, Davidson GP. Infantile en- 
teritis viruses: morphogenesis and morphology. J Viral 
1975;16:937-943. 
Holt PA, Steel AE, Armstrong AM. Transient hyperphospha- 
tasaemia of infancy following rotavirus infection. / Infecr 
1985;9:283-285. 
Holzel H, Cubitt DW, McSwiggan DA. Sanderson PJ, Church 
1. An outbreak of rotavirus infection among adults in a car- 
diology ward. J hfecr 1980;2:33-37. 
Houly CA, Uchoa MM, Zaidan AM, et al. Electrophoretic 
study of the genome of human rotavirus from Merceio. Brazil. 
Braz J Med Biol Res 1986;19:33-37. 
Hoshino Y, Baldwin CA, Scott FW. Isolation and character- 
ization of feline rotavirus. J Gen Viral 1981:54:313-323. 
Hoshino Y, Goniglia M. Valdesuso J, Askaa I, Glass RI, Ka- 
pikian AZ. An equine rotavirus (FI-14 strain) which bears both 
subgroup I and subgroup 11 specificities on Its VP6. Virology 
1987;157:488-4%. 
Hoshino Y, Saif LJ. Sereno MM, Chanock RM, Kapikian AZ. 
Infection immunity of piglets to either VP3 or VP7 outer capsid 
protein confers resistance to challenge with a virulent rotavirus 
bearing the corresponding antigen. J Viral 1988;62:744-748. 
Hoshino Y, Screno MM, Midthun K, Flares J. Chanock RM, 
Kapikian AZ. Analysis by plaque reduction neutralization 
assay of intertypic rotaviruses suggests that gene reassortment 
occurs in viva. J Clin Microbial 1987;25:290-294. 
Hoshino Y. Sereno MM. Midthun K. Flores J. Kapikian AZ, 
Chanock RM. Independent segregation of two antigenic spec- 
ificities (VP3 and VP71 involved in neutralization of rotavirus 
infectivily. Proc Narl Acad Sci 1985;82:8701-8704. 
Hoshino Y, Tortes A, Aves TM, et al. Neutralizing antibody 
response ofgnotobiotic piglets after fetal infection and neonatal 
challenge with human rotavirus strains. J Infect Dis 
1987;156:1038-1040. 
Hoshino Y, Wyatt RG, Flares J, Midthun K, Kapikian AZ. 
Serotyic characterization of rotaviruses derived from asvmn- , . 
toma& human neonatal infections. J Clin Microbiof 
1985;21:425-430. 
Hoshino Y. Wyatt RG. Greenberg HB, FIores J, Kapikian AZ. 
Serotypic similarity and diversity of rotaviruses of mammalian 
and avian origin as studied by plaque reduction neutralization. 
J Infecr Dis 1984; 149:694-702. 
Hoshino Y, Wyatt RG, Greenberg HB, Kalica AR, Flares J, 
Kapikian AZ. Isolation and characterization of an equine ro- 
tavirus. J Cfin Microbial 1983;18:585-591. 
Hoshino Y, Wyatt RG, Greenberg HB. Kalica AR, Flares 1. 
Kapikian AZ. Serological comparison of canine rotavirus with 
various simian and human rotaviruses by plaque reduction neu- 
tralization and hemagglutination inhibition tests. In&r Immun 
1983;41:169-173. 
Hoshino Y, Wyaa RG, Greenberg HB, Kalica AR, Florcs J. 
Kapikian AZ. Isolation, propagation, and characterization of 
a second equine rolaviNs serotype. Infect Immun 
1983;41:1031-1037. 
Hoshino Y, Wyatt RG, Scott FW, Appel I. Isolation and char- 
acterization of a canine rotavirus. Arch Viral 1982;72: 113-125. 
Hrdy DB. Epidemiology of rotaviral infection in adults. Rev 
Infecr Dis 1987;9:461-469. 
Huebner RI. The virologist’s dilemma. Ann NY Acud Sci 
1975;67:430-445. 
Hundley F. McIntyre M. Clark B. et al. Heterogeneity of ge- 

310. 

311. 

312. 

313. 

314. 

315. 

316. 

317. 

318. 

319. 

320. 

321. 

322, 

323. 

324 

nome rearrangements in rotaviruses isolated from a chronically 
infected immunodeficient child. J Virul 3987;61:3365-3372. 
Hung T. Rotavirus and adult diarrhea. Adv Virus Res 
1988;35:193~218. 
Hung T. Chen GM, Wang CG. et al. Serocpidemiology and 
molecular biology of the Chinese rotavirus. Ciba Found Symp 
1987;128:49-62. 
Hung T, Chen G. Wang C. et al. Waterborne outbreak of ro- 
tavirus diarrhea in adults in China caused by a novel rotavirus. 
Lancer 1984;1:1139-1142. 
Ikegami N, Akatani K, Hosaka T. Ushijima H. Prevalence of 
a new serolype of group A human rotaviruses in Japan. Ab- 
sxracts of rhe 71h Internarional Congress o/Virology, Alberta, 
Canada, August 9-14. 1987:113. 
Inaba Y. Sato K. Takahashi E, et al. Hemagglutination with 
Nebraska calfdiarrhea virus. MicrobiolImmunolJ977321:531- 
534. 
Inouye S. Matsuno S, Yamagmchi H. Efficient coating of the 
solid phase with rotavirus antigens for enzyme-linked immu- 
nosorbent assay of immunoglobulin A antibody in feces. I Clin 
Microbial 1984;19:259-263. 
Institute of Medicine. Prospects for immunizing against rota- 
virus. In: New vaccine developmenr. Esrablishing priorities. 
Diseases of importance in Ihe Unired Srotes; vol 1. Washing- 
ton, DC: National Academy Press, 1985;410-423. 
Institute of Medicine. The prospects for immunizing against 
rotavirus. In: New vaccine development. Esrablishing priori- 
ties. Diseases of imporrance in developing countries, vol II. 
Washington, DC: National.Academy Press, 1986;308-318. 
Jarvis WR, Middleton PJ. Gelfand EW. Significance of viral 
infections in severe combined immunodeticiency disease. Pe- 
diatr Infecr Dir 1983;2:187-192. 
Jayashrec S, Bhan MK, Kumar R. Raj P, Glass R. Bhandati 
N. Serum and salivary antibodies as indicators of rotavirus in- 
fection in neonates. J Infecr Dis 1988;158:1117-1120. 
Jesudoss ES, John TJ. Mathan PP, Jadhav M. Spence L. Prev- 
alence of rotavirus infection in neonates. Zndian J Med Res 
1979.70:863-867. 
Jesudoss ES, John TJ. Mathan M. Spence L. Prevalence of 
rotavirus antibody in infants and children. Indiun J Med Res 
1978;6&383-386. 
Jones RC, Hughes CS. Henry RR. Rotavirus infection in com- 
mercial laying hens. Vet Ret 1979;104:22. 
Kalica AR, Flares J. Greenberg HB. Identification of the ro- 
taviral gene that codes for hemagglutination and protease-en- 
hanced plaque formation. Virology 1983;125:194-205. 
Kalica AR, Garon CF. Wyatt RG. et al. Differentiation of 
human and calf reovirus-like agents associated with diarrhea 
using polyacrylamide gel elecrrophorcsis of RNA. Virology 
1976;74:86-92. 

325. KaIica AR, Greenberg HB, Espejo RT. et al. Distinctive ri- 
bonucleic acid patterns of human rotavirus subgroups I and 2. 
Infect Immun 1981;33:958-%I _ 

326. Kalica AR, Greenberg HB. Wyatt RG, et al. Genes of human 
(stin Wa) and bovine (strain UK) rotaviruses that code for 
neutralization and subgroup antigens. Virology 1981;112:385- 
390. 

327. Kalica AR, Purcell RH. Sereno MM, et al. A microtiter solid 
phase radioimmunoassay for detection of the human reovirus- 
like agent in stools. J Immuno11977:118:1275-1279. 

328. Kalica AR, Serene MM, Wyatt RG, Mcbus CA, Chanock RM, 
Kapikian AZ. Comparison of human and animal rotavirus 
strains by gel ciectrophoresis of RNA. Virology 1978;87:247- 
255. 

329. Kalica AR, Wyatt RG. Kapikian AZ. Detection of differences 
among human and animal rotaviruses, using analysis of viral 
RNA. J Am Ver Med Assoc 1978;173:531-537. 

330. Kaljot KT, Shaw RD, Rubin DH, Greenberg HB. Infectious 
rotavirus enter cells by direct cell membrane penetration. not 
by endocytosis. J Virol 1988~62: 11361144. 

331. Kantharidis P. Dyall-Srmth ML, Holmes 1H. Marked sequence 
variation between segment 4 genes of human RV-5 and simian 
SAI I rotaviruses. Arch Viral 1987;93:11 I-121. 



332. Kapikiau AZ. Acute viral gastroenteritis. Prev Med 
1974;3:535-542. 

333. Kapikian AZ. Enteroviral diseases. In: Beeson PB, McDermott 
W, Wyngaarden JB, eds. Cecil rexrbook ofmedicinc, 14th cd. 
Philadelphia: WB Saunders. 1975;216-222. 

334. Kapikian AZ. Discussion: other viruses-practical consider- 
ations. In: Holme T, Holmgren 1, Merson MH, Mollby R. eds. 
Acure enreric infecrions in-children: new prospecrs for treat- 
m.enr and prevcnfion. New York: ElsevierMorth Holland, 
1981;207-225. 

335. Kapikian AZ. An update on viral gastroenteritis. In: Tyrrcll 
DAJ, Kapikian AZ, eds. Virus infecfions o/rhe gastroinresrinal 
truer. New York: Marcel Dekkcr, 1982;399-409. 

336. Kapikian AZ, Chanock RM. Viral gastroenteritis. In: Evans 
AS, cd. Vi& infections of humans, 3rd ed. New York: Plenum 
Press, 1989;293-340. 

337. Kapikian AZ, Clint WL. Greenberg HB, et al. Antigenic char- 
acterization of human and animal rotaviruses by immune ad- 
herence hemagglutination assay (IAHA): evidence for distinct- 
ness of IAHA and neutralization antigens. lnfecr Immun 
1981;33:415-425. 

338. Kapikian AZ, Clint WL, Kim HW, et al. Antigenif rclation- 
ships among five reovirus-like (RVL) agents by complement 
Iixaiion (CFJ and development of a new substitute CF antigen 
for the human RVL agent of infantile gastroenteritis. Proc Sot 
Erp Biol Med 1976;152:535-539. 

339. Kapikian AZ, Cline WL, ‘Mebus CA, et al. New complement- 
fvation test for the human reovirus-like agent OF infantile gas- 
troenteriris: Nebraska calf diarrhea virus used as antiecn. Len- 
cef 1975;1:1056-1069. 

340. Kaoikian AZ, Dienstaa JL. Purcell RH. lmmune electron mi- 
croscopy as a method for the detection, identuication. and 
characterization of agents not cultivable in an in virro system. 
In: Rose NR, Friedman H, eds. Manual ofc6nical immunol- 
ogy, 2nd ed. Washington. DC American Society of Microbi- 
ology, 1980:70-83. 

341. Kapikian AZ, Flares J, Green KY, et al. Prospects for devel- 
opment of a rotavirus vaccine against rotavirus diarrhoea bv a 
Jennerian and a modified Jenn&ian strategy. In: Norrby SR, 
Mills J. Norrby E. Whitton LJ, eds. Fronriers of infectious 
diseases. New-antiviral strategies. Proceedings of dn inter- 
narionalsymposium, Brockct Hall, Hertfordshire, 24-26 April 
1988. Edinburgh: Churchill Livingstone, 1988;217-232. 

342. Kapikian AZ, Florcs J, Hoshino Y. et al. Rotavirus: the major 
etiologic agent of severe infantile diarrhea may be controllable 
by a “Jennerian” approach to vaccination. J Ir$ecf Dis 
1986;153:815-822. 

343. Kapikian AZ, Flares. J, Hoshino Y, et al. Prospects for de- 
velopment of a rotavirus vaccine against rotavirus diarrhea of 
infants and young children. Rev Infecr Dis 1989; (in press). 

344. Kapikian AZ, Flares J. Hoshino Y. et al. Rationale for the 
devebpinent of a rotavirus vaccine for infants and young chil- 
dren. In: Talwar G. ed. Propress in vaccinoloev. New York: 
Springer-Verlag, 1989;151-180. 

.,. 

345. Kaoikian AZ. Florcs J, Midthun K. et al. Strategies for the 
development of a rotavirus vaccine.against infant& diarrhea 
with an update on clinical trials of rotavirus vaccines. In: Pro- 
ceedings of ihe i&ernational symposium on the immune re- 
sponse to viral. infections, Florence, Italy, April 28-29, 1988. 
New York: Plenum Press. 1989; (in press). 

346. Kapikian AZ, Flares 1. Midthun K, et al. Development of a 
rotavirus vaccine by a “Jennerian” and a modified “Jenner- 
ian” approach. In: Chanock RM. Lemer RA, Brown F. Gins- 
berg H. eds. Modern approaches to new vaccines including 
prevention of AIDS. Cold Spring Harbor, New York: Cold 
Spring Harbor Laboratory, 1988;1SJ-158. 

347. Kapikian AZ, Greenberg HB, Cline WL, et al. Prevalence of 
antibody to the Norwalk agent by a newly developed immune 
adherence hemagglutination assay. J Med Viral 1978;2:218- 
294. 

348. Kapikian AZ, Greenberg HB, Kalica AR, et al. New dcvel- 
opments in viral gastroenttritis. In: Holme T, Holmgren J. Mer- 
son M, Mollby R, eds. Acute enlcric infecrions in children: 

ROTAVIRUSES / 13% 

new prospecrs for treatment and prevention. Proceedings of 
Nobel conference J. New York: ElsevierRJorth Holland. 1981; 
9-57. 

349. Kapikian AZ, Hoshiuo Y, Flares J. et al. Alternative ap 
proaches to the development of a rotavirus vaccine. In: Holm- 
gren J, Lindberg A, Mollby R, eds. Development of vaccine 
and drrrgs againsr diarrhea. Eleventh Nobel conference, Stock- 
holm, Sweden. 1985. Lund, Sweden: Studentlitteratur, 1986; 
192-214. 

350. KaprXan AZ, Kalica AR, Shih JW, et al. Buoyant density in 
cesium chloride of the human reovirus-like agent of infantile 
gastroenteritis by ultracentrifugation. electronmicroscopy, and 
complement-fixation. Virology 1976;70:564-569. 

351. Kapikian AZ, Kim HW, Wyatt RG, et al. Human reovirus-like 
agent as the major pathogen associated with “winter” gas- 
troenteritis in hospitalized infants and young children. N EngI 
J Med 1976;294:%5-972. 

352. Kapikiin AZ, Kim HW, Wyatt RG, et al. Reovirus-like agent 
in stools: association with infantile diarrhea and development 
of serologic tests. Science 1974;185:1049-1053. 

353. Kapikian AZ, Midthun K, Hoshino Y, et al. Rhesus rotavirus: 
a candidate vaccine for prevention of human rotavirus disease. 
In: Lemer R, Brown F, Chanock R, cds. Vaccine Mr molecular 
and chemical basis of resisrance IO viral. bacrerial. and par- 
asitic diseases. Cold Smininn Harbor. New York: Cold Smina 
Harbor Laboratory, 1985;357-367. 

. ” 

354. Kaoikian AZ. Wvatt RG. Dolin R. Thornhill TS. Kalica AR. 
Charrock RM. V&ualization by immune electron microscopy 
of a 27 nm particle associated with acute infectious non-bac- 
terial gastrocntcritis. J Viral 1972;10:1075-1081. 

355. Kapikian AZ, Wyatt RG, Greenberg HB, et al. Approaches to 
immunization of infants and young children against gastroen- 
teritis due to rotaviruses. Rev Infecf D/s 1980;2:459-469. 

356. Kapikian AZ. Wyatt RG, Levine MM, et al. Studies in vot- 
untecrs with human rotaviruses. Dev Biol Stand 1983;53:209- 
218. 

357. Kapikian AZ, Wyatt RG, Levine MM, et al. Oral administration 
of human rotavirus to volunteers: induction of illness and cor- 
relates of resistance. / Infecr Dis 1983;147:95-106. 

358. Kapikian AZ, Yolken RH, Wyatt RG, Chanock RM, Kim HW. 
Viral diarrhea: etiology and control. Am J C/in Nurr 
1978;31:2219-2236. 

359. Kapilcian AZ. Yolken RH. Rotavirus. IO: Mandell GL, Douglas 
RG Jr, Bennett JE, eds. Principles and practice of infecfious 
diseases, 2nd ed. New York: John Wiley h Sons. 1985;933- 
944. 

360. Kapikian AZ, Yolken RH, Greenberg HB, et al. Gastroenteritis 
viruses. In: Diagnostic procedures for viral, rickertsial. and 
chlamydial infecrions, 5th ed. Lennett H. Schmidt NJ, eds. 
Washington, DC: American Public Health Association, 1979;. 
927-995. 

361. Keswick BH. Blacklow NR. Cukor GC, DuPont HL, Vollet 
JL. Norwalk virus and rotavirus in travellen’ diarrhea in Mex- 
ico. toncer 1982;1:109-I IO. 

362. Keswick BH. Pickering LK, Dupont HL, Woodward WE. Sur- 
vival and detection of rotaviruses in environmental surfaces in 
day care centers. Appl Environ Microbial 1983;46:813816. 

363. Killen HM. Dimmock NJ. Identification of a neutralization- 
specific antigen of a calf rofavirus. J Gen Viral 1982;62:297- 
311. 

364. Kim HW. Arrobio JO, Braudt CD, et al. Epidemiology of res- 
piratory syncytial virus infection in Washington, DC. I. Im- 
portance of the virus in diITerent respiratory tract disease syn- 
dromes and temporal distribution of infection. Am J Epidemiol 
1973:98:216-225. 

365. Kim-HW. Brandt CD. Kapikian AZ, et al. Human reovirus- 
like agent (HRVLA) infection: occurrence in adult contacts of 
pediatric patients with gastroenteritis. lAMA 1977:2.38:404- 
407. 

366. Kimura T. Immune-electron microscopic study on the anti- 
eenicitv of tubular structures associated with human rotavirus. 
inrecr immun 1981;33:611-615. 

367. Kimura T. Hasc A. Three different forms of tubular structures 



__. a -_-. . . 

1396 / CHAIYIXK 49 

-associated with the replication of bovine rotavirus in a tissue 
cullure system. Arch Viral 198732:165-174. 

368. Kimura T, Murakami T. Tubular sfruchlres associated with 
acute nonbacterial gastroenteritis in young children. Infect 
Immun 1977;17:157-160. 

369. Kitaolra S, Fukuhara N. Tazawa F. et al. Characterization of 
monoclonal antibodies against human rotavirus hemagglutinin. 
J Med Viral 1986;19:313-323. 

370. Kifaoka S. Konno T, De CIerq E. Comparative efficacy of 
broad-specrrum antiviral agents as inhibitors of rotavirus rep 
lication in virro. Antivim/ Res 1986;6:57-65. 

371. Kitaoka S, Nakagomi T, Fukuhata N, et al. Serological char- 
acteristics of a human rotavirus isolate, AU-l, which has a 
“long” RNA pattern and subgroup I specificity. J Med Virof 
1987;t3:351-357. 

372. Kitaoka S, Suzuki H, Numazaki Y. Konno T, Ishida N. The 
effect of trypsin on the growth and infectivity of human rota- 
virus. Tohoku J Exp Med 1986;149:437-447. 

373. Kitaoka S, Suzuki H, NumazaJd T. et al. Hemagglutination by 
human rotavirus strains. J Mcd Viral 1984,13:215-222. 

374. Konno T, Sato T. Suzuki H. et al. changing RNA patterns in 
rotaviruses of human origin: demonstration of a single domi- 
nant pattern at the start of an epidemic and various patterns 
thereafter. J Infecr Dir 1984;149:683-687. 

375. Konno T, Suzuki H. Imai A, Ishida N. Reovirus-like agent in 
acute epidemic gastroenteritis in Japanese infants: fecal shed- 
ding and serologic response. J Infect Dis 1977;135:259-266. 

376. Konno T, Suzuki H, lmai A, et al. A  long term survey of ro- 
tavirus infection in Japanese children with acute gastroenrer- 
itis. J Infect Dis 1978;138:.569-576. 

377. Konno T, Suzuki H, Kutsuzawa T. et al. Human rotavirus and 
intussusception. N Engl I Med 19773297:94X 

378. KOMO T. Suzuki H, Kutsuzawa T, et al. Human rotavirus 
infection in infants and young children with intussusception. I 
Med Viral 1978;2:265-269. 

379. KOMO T, Suzuki H. Katsushima N, et al. Intluence of rcm- 
perature and relative humidity on human rotavirus infection in 
Japan. J fn/ecr Dis 1983;147:125-128. 

380. Koopman JS. Diarrhea and school toilet hygiene in Cali, Col- 
ombia. Am J Epidemiol1978;107:412-418. 

381. Kooqman JS. Turkish VJ, Monte AS, et al. Patterns and eti- 
ology of diarrhea in three clinical settings. A m  J Epidemiol 
1984;119: 114-123. 

382. Kutsuzawa T, Konno T, Suzuki H, Ebina T, Ishida N. Two 
distinct electrophorctic migration patterns of RNA segments 
of human rotaviruses prevalent in Japan in relation to their 
serotypes. Microbial Zmmunol 1982:26:271-273. 

383. Kutsuzawa T, KonnoT, Suzuki H, Kapikian AZ, Ebiia 1, lsh- 
ida N. Isolation of human rotavirus subgroup I and 2 in ceJJ 
culture. J Clin Microbial 1982:16:727-730. 

384. Lambert JP, Marissens D, Marbehant P. Zissis G. Prevalence 
sf submow 1.2. and 3 rotavimses in Beleian children sufferine 

385. 

386. 

387. 

386. 

389. 

390. 

391. 

from r&t~ diarrhea (1978-1981). J Med-Viral 1983:11:31-38: 
Lanata CF, Black RE. de1 Aguila R, et al. Protection of Pe- 
ruvian children against rotavirus diarrhea of specific serotypes 
by one, two, or three doses of RIT 4237 attenuated bovine 
rotavirus vaccine. J Infect Dis 1989;159:452-459. 
Langer WL. Immunization against smallpox before Jenner. Sci 
A m  1976;234:112-117. 
Laidins I. Sonza A, Dyall-Smith ML. Coulson BS. Holmes 
IH. Demonstration of an itnmunodominant neulralizatioo site 
by analysis of antigenic variants of SAJJ rotavirus. J Virof 
1985:56:317-319. 
Lecatsas G. Electron microscopic and serological studies on 
simian virus SAl I and the “related” 0 agent. Onderstepoorr 
J Vet Res 1972;39:133-138. 
Lecce JG, Balsbaugh RK. Glare DA. King MW. Rotavirus and 
hemolytic enteropathogenic Eschcrichiu cofi in weanling dii- 
rhea of pigs. J Chin Microbial 3982;163715-723. 
Lecce JG, King MW. Mock R. Reovirus-like agent associated 
with fatal diarrhea in neonatal piglets. ?nJecr Zmmun 
1976;14:816-825. 
Lemer RA. Green N. Olson A, Shinnick T, SutcliJT JG. The 
development of synthetic vaccines. Hasp Pratt 1981;16:55-62. 

392. 

393. 

394. 

395. 

396. 

397. 

398. 

399. 

400. 

401. 

402. 

403. 

404. 

405. 

406. 

407. 

Lewis HM. Parry IV, Davies HA, et al. A  year’s experience 
of the rotavirus syndrome and its association with respiratory 
illness. Arch Dis Child 1979,54:339-346. 
Light JS, Hodes HL. Studies on epidemic diarrhea of the new- 
born: isolation of a filtrable agent causing diarrhea in calves. 
A m  J Public Health 1943;33:1451-1454. 
Linhares AC. Pinhciro FP, Freitas RB. Gabbay YB. Shirley 
IA, Beards GM. An outbreak of rotavirus diarrhea among a 
nonimmune, isolated South American Indian community. Am 
I Epidemiol 1981 ;I 13:703-710. 
Little LM. Shadduck JA. Pachogenesis of rotavirus infection 
in mice. Infect Immun 1982;38:755-763. 
Liu M , Ofit PA, Estes MK. IndcntiJication of the simian ro- 
tavlrus SAIJ genome segment 3 product. Virology 
1988;163:26-32. 
Lloyd-Evans N. Springthorpe VS,.Sattar SA. Chemical dis- 
infection of human rotavirus-contaminated inanimate surfaces. 
J Hyg (Land) 1986;97: 163-173. 
Lopez S, Arias CF. Bell JR, Strauss JH. Espejo R. Primary 
structure of the cleavage site associated with trypsin enhance- 
ment of rotavims SAJJ infectivity. Virology 1985;144:11-19. 
Lopez S. Arias CF. Mendez E, Espejo RT. Conservation in 
rotaviruses of the protein regions containing the two sites as- 
sociated with trypsin enhancement of infectiviiy. Virofogy 
1986;154:224-227. 
Losonsky GA, Johnson GP. Winkelstein JA, Yolken RH. The 
oral administration of human serum immunoglobulin in im- 
munodeficiency patients with viral gastroenreritis: a pharma- 
cokinetic and functional analysis. J Clin Invesr 1985;76:2362- 
2367. 
Losonsky GA, Rennels MB, Kapikian AZ, et al. Safely. in- 
fectivity, transmissibility and immunogenicity of rhesus rota- 
virus vaccine (MMU 18006) in infants. Pediurr Infect Dis 
1986;5:25-29. 
Losonsky GA, Rennels MB, Lim Y, Krall G. Kapikian AZ, 
Levine MM. Systemic and mucosal immune responses to rhe- 
sus rotavirus vaccine M M U  18006. Pediorr Infecr Dis J 
1988;7:388-393. 
Losonsky GA. Vonderfecht SL, Eiden J, Wee SB, Yolken RH. 
Homotypic and heterotypic antibodies for prevention of ex- 
perimental rotavims gastroenteritis. J C/in Microbial 
J986;24:1041-1044. 
Lyke E, Blomberg J, Berg G, Erikson A. Madsen L. Epidemic 
of acute diarrhoca in adults associated with infantile gastroen- 
teritis ViNS. Lancer 1978;2:1056-1057. 
Mackow ER, Shaw RD. Matsui SM. Vo P, Ben&Id DA, Green- 
berg HB. Characterization of bomotypic and heterotypic VP7 
neutralization sites of rhesus rotavirus. Virology 1988;165:511- 
517. 
Mackow ER, Shaw RD, Matsui SM. Vo PT. Dang MN, Green- 
berg HB. The rhesus rotavirus gene encoding protein VP3: lc+ 
cation of amino acids involved in homologous and hetcrologous 
rotavirus neutralization and identification of a putative fusion 
region. Proc Nat1 Acad Sci USA 1988;85:645-649. 
Maiya PP, Pereira SM, Mathan M. Bhat P, Albert MJ, Baker 
JJ. Aetiology of acute gastmenteritis in infancy and early child- 

, 

hood in southern India. Arch Dis Child 1977;52:482-485. 
408. Malherbe HH, Harwin R, Ulrich M. The cytopalhic effect of 

vervet monkey viruses. S Afr Med J 1%3;37:407-4 I I. 
409. Malherbe HH, Striclcland-Cholmley M. Simian virus SA-J I and 

the related “0” agent. Arch Ges Virusforsch 1%7;22:235-245. 
410. Majoninks HC, Croxson MC, Potoi N. Bellamy AR. Infan- 

tile gastroenteritis in Western Samoa. NZ MedJ 1988;101:195- 
197. 

411. Marrie TJ. Lee SHS, Faulkner RS, Ethier J. Young CH. RO- 
tavirus infection in a geriatric population. Arch Inrem Med 
1982;142:313-316. 

412. Martin ML, Gary GW Jr, Patmer EL. Comparison of hemag- 
glutination-inhibition, complement-fixation and enzyme-linked 
immunosorbent assay for quantitation of human rotavirus an- 
tibodies. Arch Viral 1979;62:131-136. 

413. Martin ML, Palmer EL. Middleton PJ. Ultrastructure of in- 
fantile gastroenteritis virus. Virology 1975;68:146-153. 

414. Mason BE, Dhccr SK. Hsiao CL, et al. Sequence of the se- 



rotype-specific glycoprotein of the human rotavirus Wa strain 
and comparison with other human rotavirus serotypes. Virus 
Res 1985;2:291-299. 

415. Mata L. Jimenez P, AlIen MA, et al. Diarrhea and malnutrition: 
breastfeedinginterventioninatransitionalpopulation.In:Holme 
T, Holmgren J. Merson MH, Mollby R. eds. Acure 
enferic infections in children: new prospects for frearmenl 
ondprevenrjoion. New York: ElsevierINotth Holland, 1981;233- 
251. 

416. Mata L, Simhon A, Padilla R, et al. Diarrhea associated with 
rotaviruses, entcrotoxigenic Escherichia cofi, campylobacter, 
and otheragentsinCostaRicanchildren, 1976-1981.AmlTrop 
Med Hyg 1983;32:146-153. 

417. Mata L, Simhon A, Unutia JJ, et al. Epidemiology of rotavi- 
ruses in a cohon of 45 Guatamalan Mayan Indian children ob- 
served from birth to the age of three years. I Infect Dir 
1983;148:452-461. 

418. Mata LJ, Umrtia JJ, Gordon JE. Diseases and disabilities. In: 
Mata LJ, ed. The children of Santa Maria Cauquc: o pro- 
spective field study of health and growth. Cambridge, Mas- 
sachusetts: MIT Press, 1978:254-292. 

419. Matsui SM. Mackow ER, Greenberg HB. The moiecular de- 
terminant of rotavirus neutralization and protection. Adv Virus 
Res lY89;36:181-214. 

420. Matsuno S, Hasegawa A, Kalica AR, Kono R. Isolation of a 
recombinant between simian and bovine rotaviruses. J Gen 
Viral 1980;48:253-256. 

421. Matsuno S, Hasegawa A, Mukoyama A, Inouye S A candidate 
for a new serotype of human rotavirus. J Viral 1985;54:623- 
624. 

422. Matsuno S, loouye S. Purification of an outer capsid glyco- 
protein of neonatal calf diarrhea virus and preparation of its 
antisera. Infect Immun 1983;39:155-158. 

423. Matsuno S, lnouye S, Hasegawa A, Kono R. Assay of human 
rotavints antibody by immune adherence hemagglutination 

\ 
with a cultivable human rotavirus as antigen. / Clin Micro&of 
1982:15:163-165. 

424. Matsuno S, Inouye S, Kono R. Antigenic relationship between 
human and bovine rotaviruses as determined by neutralization, 
immune adherence hemagglutination, and complement fixation 
tests. infecl Immun 1977;17:661-662. 

425. Matsuno S, Inouye S. Kono R. Plaque assay of neonatal calf 
diarrhea virus and the neutralizing antibody in human sera. I 
Clin Microbial 1977;5:1-4. 

426. Matsuno S, Murakami S, Takagi M, et al. Cold adaptation of 
human rotavirus. Virus Res 1987;7:273-280. 

427. Matsuno S, Nagayoshi S. Quantitative estimation of infantile 
gastroenteritis virus antigens in stools by immune adherence 
hemagglutination test. J C/in Microbial 1978;7:310-311. 

428. Matsuno S. Nakajima K. RNA of rotavirus: comparison of 
RNAs of human and animal rotavirus. J Viral 1982;41:710-714. 

429. Matsuno S, Utagawa E, Sugiura A. Association of rotavirus 
infection with Kawasaki syndrome. /In&r Dir 1983;148: 177. 

430. Matthews REF. The classification and nomenclature of vi- 
ruses. Summary of results of meetings of the international com- 
mittee on taxonomy of viruses in the Hague, September 1978. 
Inrefvirologr 1979;11:133-135. 

43 1. Mavromichalis J, Evans N. McNeish AS, Bryden AS, Davies 
HA. Ffewett A. Intestinal damage in rotavirus and adenovinrs 
pstroenterftis assessed by &lose malabsorption. Arch Dis 
Child 197752:589-591. 

432. McCormack JG. ClimcaI features of rotavirus gastroenteritis. 
J Infect 1982;4:167-174. 

433. McCrae MA. McCorquodale JG. Expression of a major bovine 
rotavirus neutralisation antigen (VP7c) in Escherichia coli. 
Gene I987;55:9-18. 

434. McIntyre M. Rosenbaum V. Rappold W. Dessclbcrger M, 
Wood D. Desselberger U. Biophysical characterization of ro- 
tavirus partfcles containing rearranged genomes. J Gen Virof 
1987;68:2%1-2966. 

435. McLean BS, Holmes IH. Effects of antibodies, trypsin. and 
trypsin inhibitors on susceptibility of neonates to rotavirus in- 
fection. J Clin Microbial 1981;13:22-29. 

436. McLean B, Sonza S, Holmes IH. Measurement of immuno- 

RarAwFtusss / 1397 

globulin A, G and M class rotavirus antibodies in serum and 
mucosal secretions. I Clin Microbial 1980;12:314-319. 

437. McNulty MS, Affan GM. Curran WL, McFerron JB. Com- 
parison of methods for diagnosis of rotavirus infection of 
calves. Vet Ret 1976;98:463-464. 

438. McNulty MS. Allan GM, Stuart JC. Rotavirus infection in avian 
species. Vet Ret 1978;103:319-320. 

439. McNulty MS. Alfan GM, Todd D. McFerran JB. Isolation and 
cell culture propagation of rotaviruses From turkeys and chick- 
ens. Arch Viral 1979;61:13-21. 

440. McNulty MS, AIlan GM, Todd D, McFerran JB, McCracken 
RM. Isolation from chickens of a rotavirus lacking the group 
antigen. I Gen Viro[ 1981;55:405-413. 

44 I. McNulty MS, Curran WL, Allan GM, McFerran JB. Symhesis 
of coreless, probably defective virus particles in cell cultures 
infected with rotavirus. Arch Viral 1978;58: 193-202. 

442. McNuhy MS, Logan EF. Effect of vaccination of the dam on 
rotavirus infection in young calves. Vef Ret 1987;14:250-252. 

443. Mebus CA, Kono M, Underdahl NR, Twiehaus MJ. Cell cul- 
ture propagation of neonatal calf diarrhea (scours) virus. Can 
Ver J 1971;12:69-72. 

444. Mebus CA, Underdahl NR, Rhodes MB. Twiehaus MJ. Calf 
diarrhea (scours): reproduced with a virus from a field out- 
break. Univ Nebraska Res Bull 1969;233: l-16. 

445. Mebus CA, White RG, Bass EP, Twiehaus MJ. Immunity to 
neonatal calf diarrhea virus. / Am Vet Med Assoc 
1973;163:880-883. 

446. Mebus CA, Wyatt RG, Kapikian AZ. Intestinal lesions induced 
in gnotobiotic calves by the virus of human infantile gastroen- 
teritis. Vet Pafhol 1977:14:273-282. 

447. Mebus CA, Wyatt RG, Sharpee RL, et al. Diarrhea in gnoto- 
biotic calves caused by the reovirus-like agent of human in- 
fantile gastroenteritis. Znfecf fmmun 1976;14:471-474. 

448. Meurman OH, Laine MJ. Rotavirus epidemic in adults. N Engl 
I Med 1977;296 1298-1299. 

449. Middleton PJ. Analysis of the pattern of infection. In: McCJung 
HJ, ed. Report of the 74rh Ross conference on pediatric re- 
search: eriology, parhology and rreormcnt of acute gosrroen- 
ferifis. Columbus, Ohio: Ross Laboratories, 1978;18-23. 

450. Middleton PJ. Petit M, Szymanski MT. Propagation of infan- 
tile gastroenteritis virus forbi-group) in conventional and germ 
free pigletS. In/err fmmun 1975;12:1276-1280. 

451. Middleton PJ. Syzmauski MT, Abbott GD, Bortolussi R. Ham- 
ilton JR. Orbivirus acute gastroenteritis of infancy. Lancer 
1974;1:1241-1244. 

452. Middleton PJ, Szymanski MT. Petric M. Viruses associated 
with acute gastroenteritis in young children. Am J Dis Child. 
1977;131:733-737. 

453. Midthun K. Flores J. Taniguchi K, Urasawa S, Kapikian AZ. 
Chanock RM. Genetic relatedness among human rotavirus 
genes coding for VP7. a major neutralization protein. and its 
application to serotype identification. I clin Microbial 
1987:25:1269-1274. 

454. Midthun K. Greenberg HB. Hoshino Y, Kapikian AZ, Wyatt 
RG, Chanock RM. Reassortant rotaviruses as potential live 
rotaviruses vaccine candidates. J Viral 1985;53:949-954. 

455. Midthun K, Hoshino Y, Kapikfan AZ, Chanock RM. Single 
gene substitution rotavirus reassortants containing the major 
neutralization protein (VF’7) of human rotavirus serotype 4. J 
C/in Microbial 198624X22-826. 

456. Midthun K. Vafdesuso J, Hoshino Y. Flares J. Kapikian AZ. 
Chanock RM. Analysis by RNA-RNA hybridization assay of 
inter-typic rotaviruses suggests that gene reassortment occuts 
in vivo. J Clin Microbial 1987;25:295-230. 

457. Midthun K, Valdesuso J, Kapikian AZ. Hoshino Y, Green KY. 
Identirication of serotype 9 human rotavirus by enzyme-linked 
immunosorbent assay with monoclonal antibodies. J Clin Mi- 
crobiol 1989: (in press). 

458. Mitchell JP, Lamben LA, Sosula L, Murphy A, Albrey M.. 
Transmission of rotavirus gastroenteritis from children to a 
monkey. Gur 1977;18:156-160. 

459. Moe K, Shirley JA. The effect of relative humidity and tem- 
perature on the survival of human rotavirus in faeces. Arch 
Viral 1982;72:179-186. 



1398 / CHAPTER 49 

460. Moffett HL, Shulenbergcr HK, Burkholder ER. Epidcmioiogy 
and etiology of severe infantile diarrhea. I Pediutr 1978:72:1- 
14. 

461. Monto AS, Koopman JS. TheTecumseh study. XI. Occurrence 
of acute enter& illness in the community. Am J Epidemiol 
1980;112:323-333. 

462. Monto AS, Koopman JS, Longini IM, lssacson RE. The Tec- 
umseh study. XII. Entcric agents in the community. 1976-1981. 
3 Infec! Dir 1983;148:284-291. 

463. Moosai RB, Gardner PS, Almeida JD, Greenway MA. A simple 
immunofluorescent technique for the detection of human ro- 
tavirus. J Med Viral 1979;3:189-194. 

464. Morishima T, Ichikawa T. Yamaguchi H, et al. Acute infantile 
gastroenteritis caused by rotavirus in Japan. Eur J Pediorr 
1978;129:259-265. 

465. Morita Y. Taniguchi K, Urasawa T, Urasawa S. Analysis of 
serotypc-spe.cific neutralization cpitopes on VP7 of human ro- 
tavirus by the use of neutralizing monoclonal antibodies and 
antigenic variants. J Gen Viral 1988;69:451-458. 

466. Much D. Zajac I. Purilication and characterization of epizootic 
diarrhea of infant mice virus. Infect lmmun 1972;6:1019-1024. 

467. Muchinik GR, Grinstein S. Rotavirus in Buenos. Aires.’ Argen- 
tina. Intervirology 1980;13:253-256. 

468. Mulcahy DL, Kamath KR, de Silva LM, Hodges S, Carter IW, 
Cloonan MJ. A two-part study of the aetiological role of ro- 
tavirus in intussusception. J Med Vi& 1982;9:51-55.’ 

469. Muniappa L, Georgiev KG, Dimitrov D. Mitouk B, Hatalam- 
hiev EH. Isolation of rotavirus from buffalo calves. Ver Ret 
1987;120:23. 

470. Murakami Y. Nishioka N. Hasbiguchi Y, Kuniyasu C. Sero- 
types of bovine rotaviruses distinguished by serum neutrali- 
zation. fnfecr Immun 1983;40:851-855. 

471. Murakami Y, Nishioka N, Watanabe T, Kuniyasu C. Prolonged 
excretion and failure of cross-protection between distinct se- 
retypes of bovine rotavirus. Vet Microbial 1986;12:7-14. 

472. Murphy AM, Albrey MB. Crewe EB. Rotavirus infections of 
neonates. Lancer 1977;2: 1149- 1150. 

473. Murphy FA, Borden EC, Shope RE, Harrison ‘A. Physico- 
chemical and morphological relationships of some arthropod 
borne viruses to bluetongue virus-a new taxonomic group: 
electron microscopic studies. J Gen Viral 1971;13:273~278. 

474. Nagesha HS, Holmes IH. New porcine rotavirus serotype an- 
tigenically related to human rotavirus serotype 3. J Clin Mi- 
crobiol 1988;26:17l-174. 

475. Naguib T, Wyatt RG, Mohieldin MS, Zaki AM, Imam IZ, 
DuPont HL. Cultivation and subgroup determination ofhuman 
rotaviruses from Egyptian infants and young children. / Clin 
Microbial 1984;19:210-212. 

476. Nakagomi 0. Nakagomi T. Hoshino Y, Flares J. Kapikian AZ. 
Genetic analysis of a human rotavirus that belongs to subgroup 
1 but has an RNA pattern typical of subgroup II human rota- 
viruses. J C/in Microbial 1987;25: 1159- 1164. 

477. Nakagomi 0, Nakagomi T. Oyamada H. Suto T. Relative fre- 
quency of human rotavirus subgroups 1 and 2 in Japanese chil- 
dren with acute gastroenteritis. J Med Viral 1985;17:29-34. 

478. Nagayoshi S, Yamaguchi H, Ichikawa T, et al. Changes ofthe 
rotavirus concentration in faeces during the course of acute 
gastroenteritis as determined by immune adherence hcmagglu- 
tination test. Eur J Pediotr 1980;134:99-102. 

479. Nakata S. Estes MK. Graham DY, et al. Antigenic character- 
ization and ELISA detection of adult diarrhea rotavirus. J In- 
fect Dis 1986;154:448-455. 

480. NakataS, EstesMK.Graham DY. Wang S. Gary GW. Melnick 
JL. Detection of antibody to group B adult diarrhea rotavirus 
in humans. J Clin Microbial 1987;25:812-818. 

481. Nakatn S. Petric BL. Calomeni EP. Estes MK. Electron mi- 
croscopy procedure influences detection of rotaviruses. J C/in 
Microbial 1987;25:1902-1906. 

482. Nalin DR. Levine MM. Mata L. et al. Comuarison of sucrose 
with glucose in oral therapy of infant ‘diarrhea. Lancer 
1978;2:277-279. 

483. Nicolas JC, Ingrand D. Fortier B, Bricout F. A one-year vi- 
rological survey of acute intussusception in childhood. J Med 
Viral 1982;9:267-271. 

484. Nicolas JC, Pothier P, Cohen J. et al. Survey of human rota- 
virus propagation as studied by electrophoresis of genomic 
RNA. J Infect Dis 1984;149:688-693. 

485. Nigro G, Mid& M. Acute laryngitis associated with rotavirus 
gastroenteritis. J Infect 1983;7:81-83. 

486. Nishikawa K, Hoshino Y. Taniguchi K, et al. Rotavirus VP7 
neutralization epitopes of serotype 3 strams. Virology 1989; (in 
press). 

487. Nishikawa K. Tan&hi K, Torres A, et al. Comparative anal- 
ysis of the VP3 gene of divergent strains of the rotavirus simian 
SAII and bovine Nebraska calf diarrhea virus. J Viral 
1988;62:4022-4026. 

488. Obert G, Gloecklcr R, Burckard J, Van Rcgenmortel MHV. 
Comparison of immuaosorbent electron microscopy, enzyme 
immunoassay and counterimmunoelectrophoresis for detection 
of human rotavirus in stools. J Viral Merhods 1981;3:99-107. 

489. Obijeski JF. Palmer EL, Martin ML. Biochemical characteri- 
zation of infantile gastroenteritrs virus (IGV). J Gen Viral 
1977;34:485-497. 

4%. Offit PA, Blavat G. Identification of two rotavints genes de- 
termining neutralization specificities. J Viral 1986;57:376-378. 

491. OfBt PA, Blavat G, Greenberg HB. Clark HF. Molecular basis 
of rotavirus virulence: role of gene segment 4. J Viral 
1986;57:46-49. 

492. Offit PA, Clark HF. Protection agaiast rotavirus-induced gas- 
troenteritis in a murine model by passively acquired gastroin- 
testinal but not circulating antibodies. J Virof 1985;54:58-64. 

493. Offit PA, Clark HF. Maternal antibody-mediated protection 
against gastroentcritis due to rotavirus in newborn mice is de- 
pendent on both scrotype and titer antibody. J Infect Dis 
1985;152:1152-11S8. 

494. Offit PA. Clark HF. Blavat G, Greenberg HB. Reassortant ro- 
taviruses containing structural proteins VP3 and VP7 from dif- 
ferent parents induce antibodies protective against each pa- 
rental serotype. J Viral 1986;60:49I-4%. 

495. OfBt PA, Clark HF, Plotkin SA. Response of &ice to rotavi- 
ruses of bovine or primate origin assessed by radioimmunos- 
say. radioimmunoprecipitation, and plaque reduction neutral- 
ization. In&r Immun 1983;42:293-380. 

4%. Oflit PA, Dudzik KI. RotaviNs-specific cytotoxic T lympho- 
cytes cross-react with large T cells infected with different ro- 
tavirus serotypes. J Viral 1988;62:127-131. 

497. Oflit PA. Shaw RD. Greenberg HB. Passive protection against 
rotavirus-induced diarrhea by monoclonal antrbodies to surface 
proteins VP3 and VF7. J Viral 198658:700-703. 

498. Ohno A. Taniguchi K, Sugimoto K, et al. Rotavirus gastroen- 
teritis and afebrile infantile convulsion. No To Horratru. 
1982;14:520-521. 

499. Ostravik I. Haug KW. Virus specific IgM antibodies in acute 
gastroenteritis due to a reovirus-like agent (rotavirus). Stand 
J Infect Dis 1976;8:237-240. 

500. Ostravik I, Haug KW. Soude A. Rotavirus-associated gas- 
troenteritis in two adults probably caused by virus reinfection. 
Stand J Infecr Dis 1970$:277-278. 

501. Otnaess A-B, Ostravik I. The effect of human milk fractions 
on rotavirus in relation to the secretory IgA content. Acra Pa- 
thof Microbial Scund [c) 1980;88: 15-21. 

SM. Pa&i DL, Brady MT, Budde CT. Connell MJ, Hamparian 
VV, Hughes JH. Polyacrylamide gel electrophoresis of RNA 
compared with polyclonal- and monoclonal-antibody-based 
enzyme immunoassays for rotavirus. J Clin Microbial 1988; 
26: 194-197. 

503. Palmer EL, Gary G W  Jr, Black R. Martin MR. Antiviral ac- 
tivity of colostrom and serum irnmunoglobulins A & G. J Med 
Viral 1980;5:123-129. 

SW. Palmer EL, Martin ML. Further observations on the ultra- 
structure of human rotavirus. J Gen Viral 1982;62:105-111. 

505. Palmer EL, Martin ML. Murphy FA. Morphology and stability 
of infantile gastroentetitis virus: comparison with reovirus and 
bluetongue virus. J Gen Viral 1977;35:403-414. 

506. Pang Q, Liu J, Wan X, Qui F. Xu A. Experimental infection 
of aduh Tupaia bclangeri yunolis with human rotavirus. Chin 
Med J 1983;%:85-94. 

SM. Pang Q, Qui F, Yu F, et al. Studies on the etiology of autumnal 



I- infantile acute gastroenteritis-rotavirus Chin Med .I 
1980;93:36-40. 

SOB. Paniker CKI, Mathew S, Mathan M. Rotavirus and acute diar- 
rhoeal disease in a southern Indian coastal town. Bull WHO 
19B2;60: 123-127. 

509. Parrott RH, Vargosko AJ, Kim HW, Bellanti JA, Chanock RJ. 
Myxovirus paminflueoza. Am J Public Health 1%2;5:907-909. 

510. Pearson GR, McNulty MS. Pathological changes in the small 
intestine of neonatal pigs infected with a pig reovims-like agent 
(rotavirus). J Comp Pathd 1977;87:363-375. 

5 11. Pedley S, Bridger JC. Brown JF, McCrae MA. Molecular char- 
acterization of rotaviruses with distinct group antigens. J Gen 
Viral 1983;6&2093-2101. 

512. Pedley S. Hundley F. Chrystie 1, McCrae MA, Desselberger 
U. The genomes of rotaviruses isofated from chronically in- 
fected inununodeficient children. I Gen Viral 1984;65:1141- 
1150. 

513. Pereira HG, Gouvea VS, Fialho MS. A comparison of simian 
rotavirus SAll preparations maintained in different laborato- 
ries. Mm Insf Oswaldo Crux 1986;81:389-393. 

514. Perez-Schael 1. Blanc0 M, Vilar M, ef al. Clinical studies of a 
quadrivalent rotavirus vaccine in Venezuelan infants. 1989; 
(submitted). 

515. Perez-Schael I, Daoud G, White L, et al. Rotavirus shedding 
by newborn children. J Med Yirol 1984;14:127-136. 

516. Perez-Schael 1. Gonzalez M, Daoud N. et al. Reactogenicity 
and antigenicity of tbe rhesus rotavirus vaccine in Venezuelan 
children. J fnfecr Dis 1987;155:334-338. 

517. Petric M. Middleton PJ. Grant C. Tam JS, Hewitt CM. Lapine 
rotavirus: preliminary studies on epizoology and transmission. 
Can J Camp Med 1978;42:143-147. 

518. Petric M, Szymankski MT, Middleton PI. Purification and pre- 
liminary characterization of infantile gastroenteritis virus (or- 
bivirus group). Intervirology 1975;5:233-238. 

519. Petric M, Tam JS, Middleton PJ. Preliminary characterization 
of the nucleic acid of infantile gastroenteiitis virus (orbivirus 
group), Infervirology 1976;7: 176-180. 

520. Pickering LK, Bartlett AV 3d, Reves RR, Morrow A. Asymp- 
tomatic excretion of rotavirus before and after rotavirus diar- 
rhea in children in day care centers. J Pediatr 1988;112:361- 
365. 

521. Pitson GA, Grimwood q,‘Coulson B.S. et al. Comparison be- 
tween children treated at home and their reqtiring hospital ad- 
mission for rotavirus and other enteric pathogens associated 
with acute diarrhea in Melbourne, Au&ha. iC!in Microbial 
1986g4:395-399. 

522. Pocock DH. lsolation and characterization of two group A ro- 
lavirus with unusual genome profiles. JGen Viral 1988;68:653- 
660. 

523. Potter AA, Cox G, Parker M. Babiuk LA. The complete nu- 
cleotide sequence of bovine rotavirus C486 gene 4 cDNA. iVu- 
cleic Acids Rer 15:4361. 

524. Prasad BV, Wang GJ, Clerx JPM. Chiu W. Three-dimensional 
structure of rotavirus. J Mel Rio/ 1988;199:269-275. 

525. Prey MV, Lorelle CA, Taff TA, et al. Evaluation of three com- 
mercially available rotavirus detection methods for neonatal 
specimens. Am I Clin Patkol 19BB;B9:675-678. 

S26. Puerto FI. Padilla-Noriep L, Zamora-Chavez A, Briceno A, 
Puerto M, Arias CF. Prevalent patterns of serotype-specilic 
seroconversion in Mexican children infected with mtavirus. I 
Clin Microbioi 1987;25:960-%3. 

527. Pyndiah N. Beguin R. Richard I, Charles M, Rey A, Bonlfas 
V. Accuracy of mtavirus diagnosis: modified genome electro- 
phoresis versus electron microscopy. J Virof Methods 
198820:39-44, 

528. Qiu FX, Tian Y, Uu JC, Zhang XS, Hao YP. Antibody against 
adult diarrhea rotavirus among healthy adult population in 
China. I Viral Methods 1986.14:127-132. 

529. Rahman MM, Aziz MS, Munshi MH, Patwari Y, Rahman M. 
A diarrheacliic in rural Bangladesh: influence of distance, age, 
and sex on attendance and diarrheal mortality. Am J Public 
Health 1982;72:1124-1128. 

530. Rahman MM, Yamauchi M, Hanada N, Nishikawa K, Mor- 
ishima 1. Local production of rotavirus specific IgA in breast 

Rw AVIKUSES / 13% 

tissue and transfer to neonates. Arch Dis Child 1987;62:401- 
405. 

531. Ramia S. Satlar SA. Proteolytic enzymes and rotavirus SA-I 1 
plaque formation. Con .I Comp Med 1980;44:232-236. 

532. Ratnam S, Tobin AM. Flcmming JB. Blaskovic PJ. False pos- 
itive rotatyme results. Lancer 1984;1.345-346. 

533. Reed DE, Daley CA, Shave HJ. Reovims-like agent associated 
with neonatal diarrhea in pronghorn antelope. J Wifdl Dis 
1976;12:488-491. 

534. Renterghem LV, Borre P, Tillernan J. Rotavirus and other vi- 
ruses in the stool of premature babies. I Med Viral 1980;5:137- 
142. 

535. Rennels MB, Losonsky GA, Levine MM, Kapikian AZ, and 
the Clinical Study Group (Fortier DN. Sutton IM, Ferra PJ, 
Hoffman KM). Preliminary evaluation of the efficacy of rhesus 
rotavirus vaccine strain MMU 18006 in young children. Pediatr 
t&c! Dir 1986;5:587-588. 

536. Rennels MB, Losonsky GA, Shindledecker CL, et al. Immu- 
nogenicity and reactogenicity of lowered doses of rhesus r+ 
tavirus vaccine sttin MMU 18006 in young children. Pediatr 
Infect Dis J 1987;6:260-264. 

537. Richardson MA, Iwamoto A, Ikegami N, Nomoto A, Furuichi 
Y. Nucleotide sequence of the gene encoding the serotype- 
specific antigen of human (Wa) rotavirus: comparison with the 
homologous genes from simian SAI 1 and UK bovine rotavi- 
ruses. J Viral 1984;51:860-862. 

538. Riepenhoff-Talty M, Bagger-Goren S, Li P. Carmody PJ, Bar- 
rett HJ. Ogra PL. Development of serum and intestinal anti- 
body response to rotavirus after naturally acquired rotavirus 
infection in man. J Med Viral 1981;8:215-222. 

539. Riepenhoff-Talry M, Suzuki H, Offor E. et al. Effect of age 
and malnutrition on rotavirus infection in mice. Pediatr Res 
1985;19:1250-3257. 

540. Riepenhoff-Talty M. Suzuki H. Ogra PL. Characterization of 
the ceil-mediated immune response to rotavirus in suckling 
pigs. Dev Biol Srand 1983;53:263-268. 

541. Rocchi G. VeUa S. Resta S, et al. Outbreaks of roravirus gas- 
troenteritis among premature infants. Br Med J I981 ;283:886- 
887. 

542. Rodger SM. Bishop RF, Birch C. McLean B, Holmes 1H. Mo- 
lecular epidemiology of human rotaviruses in Melbourne, Aus- 
tralia, from 1973 to 1979, as determined by elecrrophoresis of 
genome ribonucleic acid. J C/in Micro&o! 1981; 13:272-278. 

543. Rodger SM. Bishop RF, Holmes IH. Detection of a rotavirus- 
like agent associated with diarrhea in an infant. J Chin Microbial 
1982;16:724-726. 

544. Rodger SM. Craven JA, Williams I. Demonstration of reovirus- 
like particles in intestinal contents of piglets with diarrhoea. 
Aust Vet 3 1975;51:536. 

545. Rodger SM, Schnagl RD. Holmes IH. Biochemical and bio- 
physical characterization of diarrhea viruses of human and calf 
origin. J Viral 1975;16:1229-1235. 

546. Rodger SM. Schnagl R, Holmes IH. Further biochemical char- 
acterization, including the detection of surface glycopmteins, 
of human, calf, and simian rotavimses. J Viral 1977;24:91-98. 

547. Rodriguez WJ. Kim HW. Arrobio JO, et al. Clinical features 
of acute gastroenteritis associated with human reovirus-like 
agent in infants and young children. JPediatr 1977;91:188-193. 

548. Rodriguez WJ, Kim HW, Branch CD, et al. Rotavirus gas- 
troenteritis in the Washington, D.C. area. Incidence of cases 
resulting in admission to the hospital. Am J Dis Child 
1980;134:777-n9. 

549. Rodriguez WI. Kim HW. Brandt CD, Gardner MK, Parrott 
RH. Use of eiectrophoresis of RNA from human rotavirus to 
establish the identity of strains involved in outbreaks in a ter- 
tiary care nursery. J f&t Dis 19B3:148:34-40. 

550. Rodriguez WJ. Kim HW, Brandt CD, et al. Sequential enteric 
illnesses associated with different rotavirus serotypes. Lancer 
1978;2:37. 

551. Rodriguez WJ. Kim HW. Brandt CD, et al. Common exposure 
outbreak of type 2 mtavirus gastroenteritis with high secondary 
attack rate within families. J fnfecr DIS 1979;1401353-357. 

552. Rodriguez WJ, Kim HW. Brandt CD, et al. Longitudioal study 
of rotavirus infection and gastroenteritis in families served by 



1400 / CHAHER 49 

a pediatric medical practice: clinical and epidemiologic obser- 576. Samosham M, Danm RS. Dil lman L. et al. Gral rehydration 
vations. Pediarr Infect Dis J 1987;6:170-176. therapy of infantile diarrhea: a controlled study of well-nour- 

553. Rohde JE. Northrup RS. Taking science where the diarrhea is. ished children hospitalized in the United States and Panama. 
In: Acute diarrhoea in childhood. Ciba Foundation Symposium N EnglJ Med 1982;3WIV70-1076. 
42 (New Series). Amsrerdam: Excerpta Medica, 1976;339-366. 576a.Santosham M, Letson GW, Wolff M, et al. A  field study of the 

554. Roseto A, Lema F, Cavalieri F. et al. Electron microscopy safety and efficacy of IWO candidate rotavirus vaccines in a 
detection and characterization of viral particles in dog slools. Native American population. 1989; (manuscript in prcpara- 
Arch Viral 1980;66:89-93. Con). 

555. Roseto A. Lema F, Sitbon M. Cavalieri F. Dianoux L. Peries 
J. Detection of rotavirus in dogs. Sot Occup Med 1979;7:478. 

556. RotbarI HA, Levin MJ. Yolken RH. Manchester DK, Jantzen 
J. An outbreak of rotavirus-associated neonatal necrotizing en- 
terocolitis. J Pediorr 1983;103:454-459. 

557. Rotbart HA. Nelson WL. Glode MP, et al. Neonatal rotavirus- 
associated necrotizing enterocolitis: case control study and 
prospective surveillance during an outbreak. J Pediair 
1988;112:87-93. 

577. Santosham M. Yolken RH, Quiroz E, et al. Detection of ro 
tavirus in respiratory secretions of children with pneumonia. / 
Pediotr 1983;103:583-585. 

558. Rushlow K, McNab A, Olson K, Maxwell F, Maxwell I, Stie- 
gler G. Nucleotide sequence of porcine rotavirus (OSU strain) 
gene segments 7,8, and 9. Nucleic Acids Res 1988;16:367-368. 

559. Ryder RW. McGowan JE, Hatch MH. Palmer EL. Reovirus- 

578. Sarkkinen HK. Meurman OH, Halonen PE. Solid-phase ra- 
dioimmunoassay of IgA, IgG and IgM antibodies to humao ro- 
tavirus. J Med Viral 1979;3:281-289. 

579. Sato K, Inaba Y, Miura Y, et al. Antigenic relalionships be- 
tween rotaviruses from different species as studied by neu- 
tralizationand immunofluorescence.Arck Viral 1982;73:45-50. 

580. Sato K, Inaba Y, Shinozaki T, Fujii R, Matumoto M. Isolation 
of human rotavirus in cell cultures. Arch Viral 1981;69: IS5- 
160. 

581. Saulsbury FT. Winkelstein JA, Yolken RH. Chronic rotavirus 
infection in immunodeficiency, I Pediurr 1980- 

T7:6’65* 582. Schoub BD. Kalica AR, Greenberg HB. et al. Enhancement 
of antigen incorporation and infectivity of cell culture by human 
rotavirus. 3 Clin Microbial 1979;9:488-492. 

583. Schoub BD. Koomof HJ, LecaIsas G, et al. Viruses in acute 
summer gastroenteritis in black infants. Lancer 1975:1:1093- 
1094. 

like agent as a cause of nosbcomial diarrhea in infants. I Pediurr 
1977;90:698-702. 

560. Ryder RW. Oquist CA, Greenberg H, et al. Travelers’ diarrhea 
in Panamanian tourists in Mexico. J rnfecf Dis 1981:144:442- 
448. 

561. Ryder RW. Yolken RH, Reeves WC, Sack RB. Enzootic bo- 
vine rotavirus is not a source of infection in Panamanian cattle 
ranchers and their families. J Infect Dis 1986;153:1139-1144. 

562. Sahara M, Barrington A, Babiuk LA. Immunogenicity of a bo- 
vine rotavirus glycoprotein fragment. / Viral 1985;56:1037- 
1040. 

563. Sahara M, Gilchrist JE. Hudson GR, Babiuk LA. Preliminary 
characterization of an epitope involved in neutralization and 
cell attachment that is located on the major bovine roravirus 
glycoprotein. J Viral 1985;53:58-66. 

564. Sack DA. Treatment of acute diarrhoea with oral rehydrarion 
solution. Drugs 1982;23:150-157. 

565. Sack DA, Chowdhury AMAK,  Eusof A, et al. Oral hydration 
in rotavirus diarrhoea: a double blind comparison of sucrose 
with glucose electrolyte solution. Lancer 1978-$280-283. 

566. Saif W, Terrett LA, Miller KL, Cross RF. Serial propagation 
of porcine group C rotavirus (pararotavirus) in a continuous 
cell line and characterization of the passaged virus. J C/in Mi- 
crobiol 1988;26:3277-1282. 

567. Saif LJ, Redman DR. Smith KL. Theil KW. Passive immunity 
to bovine rotavirus in newborn calves fed colostrum supple- 
ments from immunized or nonimmunized cows. Infecr Immun 
1983;41:1118-1131. 

568. Saitoh Y. Matsuno S, Mukoyama A. Exanthem subitum and 
rotavirus. N Engl J Med 1983;304:845. 

569. Sakvarelidze LA, Zangaladze ED. Etiological significance of 
rotavirus in acme intestinal diseases in children. Vopr Virus01 
1986;31:695-697. 

570. Salmi IT, Arstila P, Koivikko A. Central nervous system in- 
volvement in patients with rotavirus gastroenteritis. Scund J 
Infer! Dis 1978;10:29-31. 

571. Samadi AR, Huq MH, Ahrned QS. Detection of rotavirus in 
handwashings of attendants of children with diarrhoea. Br Med 
J 1983;286:188. 

572. Sanders RC. Campbell AD, Jenkins AF. Routine detection of 
human rotavirus by latex agglutination: comparison with latex 
agglutination, electron microscopy and polyacrylamide gel 
electrophoresis. J Viral Merhods 1986;13:285-290. 

573. Sanekata T. Okada H. Human rotavirus detection by agglutin- 
ation of antibody-coated erylhrocytes. J C/in Microbial 
1983;17:1141-1147. 

574. Sanekafa T. Yoshida Y. Oda K. Okada H. Detection of rota- 
virus antibody by inhibition of reverse passive hemagglutina- 
tion. I Clin Microbial 1982;15:148-155. 

575. Santosham M. Bums B, Nadkami V. et al. Oral rehydration 
therapy for acute diarrhea in ambulatory children in the United 
States: a double-blind comparison of four different solutions. 
Pediatrics 1985;76: 159-166. 

I 

. 

584. Schoub BD, Nel JD, Lecatsas G, et al. Rotavirus as a cause 
of gastroenteritis in black South African infants. S  A/r Med J 
1976;50:1124. 

585. Scott AC, Luddington J. Lucas M. Gilbert FR. Rotavirus in 
goats. Ver Rcc 1978;103:145. 

586. Senturia YD. Peckham CS, Cordery M, Chrystie IA, Banatvala 
JE. Andre FE. Live attenuated oral rotavirus vaccine. Loncef 
1987;2:1091-1092. 

587. Shabrabadi MS,  Lee PW. Bovine rotavirus maturation is a cal- 
cium-dependent process. Virology 1986;152:29&307. 

588. Shaw RD, Fong KJ. Losonsky GA, et al. Epitope-specific im- 
mune responses IO rotavirus vaccination. Gasrroenrerology 
1987;93:941-950. 

589. Shaw RD. Mackow ER. Dyall-Smith ML, et al. SeroIypic aoal- 
ysis of VP3 and VP7 neutralization escape mutants of rhesus 
rotavirus. J Viral 1988;62:3509-3512. 

5%. Shaw RD, Stoner-Ma DL. Estes MK. Greenberg HB. Specific 
enzyme-linked immunoassay for rotavirus serotypes I and 3. 
/ Clin Microbial 1985;22:286-291. 

591. Shaw RD. Vo PT. OfBt PA, Coulson BS, Greenberg HB. An- 
tigenic mapping of the surface proteins of rhesus rotavirus. Vi- 
rology 1%6;155:434-451. . . 

592. Shepherd RW. TNS~OW S, Walker-Smith JA, et al. Infantile 
gasuoenteritis: a clinical study of reovirus-like agent infection. 
Luncc~ 1975;2:1082-1084. 

593. Sheridan JF, Aurelian L, Barbour G, Santosham M. Sack RB. 
Ryder RW. Travelers’ diarrhea associated with rotavirus i,r- 
fection: analysis of virus-specitic immunoglobulin CkiSSeS. In- 
fect Immun 198131:419-429. 

594. Sheridan JF. Smith CC, Manak MM,  Aurelian L. Prevention 
of rotavirus-induced diarrhea in neonatal mice born to dams 
immunized with empty capsids of simian rotavirus SA-Il. J 
Infect Dis 1981;149:434-438. 

595. Shiick TM. Sutcliffe JG. Green N. Lemer RA. Synthetic 
peptide immunogens as vaccines. Annu Rev Microbial 
1983:37:425-446. 

5%. Shirley JA. Bears GM, Thouless ME, Flewett TH. The inllu- 
ence of divalent cations on the stability of human rotavirus. 
Arch Viral 1981;67:1-9. 

597. Shukry S, Zaki AM, Shoukry I. Tagi ME,  Hamed Z. Detection 
of enteropathogens in fatal and potentially fatal diarrheas in 
Cairo, Egypt. J CIin Microbial 1986;24:959-%2. 

598. Shussheng W. Cai R, Chen J, Li R. Jiang R. Etiologic studies 
of the 1983 and 1984 outbreaks of epidemic diarrhea in Guangxi. 
Intervirology 1985;24: 140-146. 



599. Simhon A, Mata L. Anti-rotavirus antibody in human colos- 
(rum. Lancer 1978;1:39-40. 

600. Simhon A. Mata L, Vives M, et al. Low endemicity and low 
palhogenicity of rotaviruses among Ural children in Costa 
Rica. I Irtkcr Dis 1985;152:1134-1142. 

601. Singh N, Sereno M, Flares 1. Kapikian AZ. Monoclonal an- 
tibodies to subgroup I rotavirus. Infect Immun 1983;42:835- 
837. 

602. Sitbon M. Lecerf A. Garin Y. Ivanoff B. Rotavints prevalence 
and relationships with climatological factors in Gabon, Africa. 
J Med Viral 1985;16:177-182. 

603. Smith EM, Estes MK, Graham DY. Gerba CP. A plaque assay 
of the simian rotavirus SAII. J Gcn Viral 1979;43:513-519. 

6&l. Smith EM, Gerba CP. Development of a method for detection 
of human rotavirus in water and sewage. Appl Environ Micro- 
biol 1982;431440-1450. 

605. Smith M, Tzipori S. Gel electrophoresis of rotavirus RNA de- 
rived from six different animal species. Ausr J Erp Biol Med 
Sci 1979;57:583-585. 

606. Snodgtass DR. Angus XW. Gray EW. A rotavirus from kittens. 
Ver Ret 1979;104:222-223. 

607. Snodgrass DR. Herring JA. The activity of disinfectants on 
lamb rotavirus. Vet Ret 1977;101:81. 

608. Snodgrass DR, Madeley CR, Wells PW, Angus KW. Human 
rotavirus in lambs: infection and passive protection. In&r. 
Immun., 1977;16:268-270: 

609. Snodgrass DR. Ojeh CK, Campbell I. Herring AJ. Bovine ro- 
tavirus serotypes and their significance for immunization. J 
C/in Microbial 1984;20:342-346. 

610. Snodgrass DR. Smith W, Gray EW, Herring JA. A rotavirus 
in lambs with diarrhea. Res Ver Sci 1976;20: 113-l 14. 

611. Snodgrass DR. Wells PW. Rotavirusinfection in lambs: studies 
on passive protection. Arch Viral 1976;52:201-205. 

612. Snodgrass DR. Wells PW. Passive immunity in rotaviral in- 
fections. J Am Vet Med Assoc 1978;173:565-568. 

613. Snyder ID. Merson MH. The magnitude of the global problem 
ofacute diatrhoeal disease: a review ofactive surveillancedata. 
Bull WHO 1982;60:64t5613~ 

614. Soenatto Y, Sebodo T, Ridho R. et al. Acute diarrhea and 
rotavirus infection in newborn babies and children in Yogyak- 
arta. Indonesia, from June 1978 to June 1979. J C/in Microbial 
1981;14:123-129. 

615. Soike KF. Gary GW Jr, Gibson S. Susceptibility of nonhuman 
primate species to infection by simian rotavirus SA Il. Am J 
Ver Res 1980;41:1098-1103. . 

616. Sonza S, Breschkin AM, Holmes IH. Derivation ofneutralizing 
monoclonal antibodies against rotavirus. J Viral 1983;45:1143- 
1146. 

617. Sonza S. Breschkin AM, Holmes H-I. The major surface gly- 
coprotein of simian rot&rtts(SAll) contains distinct epitopes. 
Virology 1984;134:3 18-327. 

618. Sonza S, Holmes IH. Coproantibody to rotavirus infection. 
Med J Aast 1980;2:496-499.’ 

619. Spencer E, Avendano F, Araya M. Characteristics andanalysis 
of electropherotypes of human rotavirus. J Infect Dis 
1983:148:41-48. 

620. Springthorpe VS. Grenier JL, Woyd-Evans N, Sattar SA. 
Chemical disinfection of human rotaviruses: efficacy of corn- 
met&By available products in suspension tests. J Hyg (Land) 
1986;97:139-161. 

621. Steele AD, Alexander. JJ. The relative frequency of sugroup I 
and II rotaviruses in black infants in South Africa. J Med Viral 
1988;24:321-327. \ 

622. Steele AD, Alexander JJ. Molecular epidemiology of rotavirus 
in black infants in South Africa. J Clin Microbial 1987;25:2384- 
2387. 

623. Steinhoff MC, Gerber MA. Rotavirus infections of neonates. 
Lancer 1978;1:775. 

624. Stintzing G. Tufveson B, Habte D. Back E, Johnsson T, Wad- 
Strom T. Aetiology of acute diirrhoeal disease in infancy and 
childhood during the peak season in Addis Ababa 1977: a pre- 
liminary report. Erhiop Med J 1977;15:141-146. 

625. St011 BJ, Glass RI, Bauu H, Huq MI. Khan MU, Ahmed M. 

Value of stool examination in patients with diarrhoea. Br Med 
J 1983;286:2037-2040. 

626. Stall BJ, Glass RI, Huq Ml, Khan MU, Holt JE, Banu H. 
Surveillance of patients attending a diarrhoeal disease hospital 
in Bangladesh. Br Med J 1982;285:1185-1188. 

627. Streckert H-J, BNSSOW H, Werchau H. Synthetic peptide cor- 
responding to the cleavage region of VP3 from rotavirus SAI I 
induces neutralizing antibodies. J Viral 1988;62:4265-4269. 

628. Street JE. Croxson MC. Chadderton WF. Bellamy AR. Se- 
quence diversity of human rotavirus strains investigated by 
Northern blot hybridization analysis. J Viral 1982;43:369-378. 

629. Stuker G, Oshiro L, Schmidt NJ. Antigenic composition of two 
new rotaviruses from rhesus monkeys. J Chin Microbial 
1980;11:202-203. 

630. Stuker G, Oshiro LS, Schmidt NJ. et al. Virus detection in 
monkeys with diarrhea: the association of adenovintses with 
diarrhea and the possible role of rotaviruses. Lob Anim Sci 
1979;29:610-616. 

631. Su C, Wu Y, Shen H, et al. An outbreak of epidemic diarrboca 
in adults caused by a new rotavinrs in Anhui province of China 
in the summer of 1983. J Med Viral 1986:19:167-173. 

632. Suzuki H, Cben GM, Hung T, Beards GM, Brown DW. Flewett 
TH. Effects of two staining methods on the Chinese atypical 
rotavirus. Arch Viral 1987;94:305-308. 

633. Suzuki H. Kitaoka S, Konno T, Sato T, Ishida N. Two modes 
of human rotavirus entry into MA104 cells. Arch Viral 
1985;85:25-34. 

634. Suxuki H. Kitaoka S, Sato T. et al. Further investigation on 
the mode of entry of human rotavirus into cells. Arch Viral 
1986;91:335-144. 

635. Suzuki H, Konno T. Reovirus-like particles in jejunal mucosa 
of a Japanese infant with acute infectious non-bacterial gas- 
troenteritis. Tohoku J Exp Med 1975;lIS: 199-211. 

636. Suzuki H. Konno T, Numazaki Y, et al. Three different se- 
rotypes of human rotavirus determined using an interference 
test with Coxsackievirus BI. J Med Viral 1984;13:41-44. 

637. Svensson L. Grahnquist L, Pettersson CA, Grandien M, Stinz- 
ing G, Greenberg HB. Detection of human rotaviruses which 
do not react with subgroup I- and II-specific monoclonal an- 
tibodies. J Clin Microbial 1988;26:1238-1240. 

638. Sveosson L, Sheshberadaran H, Vesikati T. Norrby E, Wade11 
G. Immune response to rotavirus polypeptides after vaccina- 
tion witb heterologous rotavirus vaccines (RIT 4237, RRV-I). 
J Gen Viral 1987;68:1993-1999. 

639. Svensson L, Uhnoo I, Grandien M, Wade11 G. Molecular ep- 
idemiology of rotavirus infections in Uppsala. Sweden. 1981: 
disappearance of a predominant electropherotype. J hfed Viral 
1986;18:101-Ill. 

640. Svennerholm AM, Hanson LA, Holmgren J, et al. Antibody 
responses to live and killed poliovirus vaccines in the milk of 
Pakistani and Swedish women. J lnfecr Dis 1981;143:707-711. 

641. Svennerholm AM. Holmgren J, Hanson LA, Lindblad BS, 
Quereshi F, RahimtoolaRJ. Boosting of secretory IgA antibody 
responses in man by parenteral cholera vaccination. Stand J 
Immunol3977;6:3345-1349. 

642. Sxucs G, Kende M, Uj M. Shift in genomic molecular patterns 
of human rotavintses over an eighteen-month period in Hun- 
gary. Intervirology 1987;28:110-113. 

643. TalIet S, MacKenzie C. Middleton P. Kerxner B. Hamilton R. 
Clinicrd. laboratory and epidemiological features of viral gas- 
troentetitis in infants and children. Pediurrics 1977;60:217-222. 

644. Tam JS, Kum WW. Lam B. Yeung CY, Ng MH. Molecular 
epidemiology of human rotavirus infection in children in Hong 
Kong. 3 Clin Microbial 1986Q3SO-664. 

645. Tam JS, Szymanski MT. Middleton PJ, Petric M. Studies on 
the particles of infantile gastroenteritis virus (orbivints group). 
Jntervirofogy 1976;7:181-191. 

646. Tam JS. Zheng B. Yan Y. et al. Occurrence of rotaviruses in 
Guangxhou and Hong Kong. J Infecr Dis 1988,157:357-363. 

647. Tan JA. Schnagl RG. Inactivation of a rotavirus by disinfec- 
tants. Med J Aust 1981;1:19-23. 

648. Tan JH. Schnagl RG. Rotavirus inactivated by a hypochlortte- 
based disinfectant: a reappraisal. Med J Ausr 1983;1:550. 



1402 I CHAPTER 49 

649. 

650. 

651. 

652. 

653. 

654. 

655. 

656. 

657. 

658. 

659. 

660. 

661. 

662. 

663. 

664. 

665. 

666. 

667. 

668. 

669. 

Tanaka TN. Conner ME, Graham DY, Estes MK. Molecular 
characterization of three rabbit rotavirus strains. Arch Vito/ 
1988;98:253-265. 
Taniguchi K. Hoshino Y. Nishikawa K, et al. Cross-reactive 
and serotype specific neutralization epitopcs on VP7 of human 
rotavirus: nucleotide sequence analysis of antigenic mutants 
selected with monoclonal antibodies. J Viral 1988;62:1870- 
1874. 
Taniguchi K, Malay WL, Nishikawa K. et al Identification of 
cross-reactive and serotype 2-specific neutralization epitopes 
on VP3 of human rotaviruses. J Viral 1988;62:2421-2426. 
Taniguchi K, Morita Y. Urasawa T, Uraswawa S. Cross-re- 
active neutralization epitopes on VP3 of human rotavirus, anal- 
ysis with monoclonal antibodies and antigenic variants. J Viral 
1987;61:1726-1730. 
Tan&hi K, Urasawa T, Morita Y. Greenberg HB. Urasawa 
S. Direct serotyping of human rotavirus in stools using serotype 
I-. 2-, 3-, and 4-specific monoclonal antibodies IO VP7.3 Infect 
Dis 1987;155:1159-1166. 
Taniguchi K, Urasawa S, Urasawa T. Elcctrophoretic analysis 
of RNA segments of human rotaviruses cultivated in cell cul- 
ture. J Gen Viral 1982;60:171-175. 
Taniguchi K, Urasawa S, Urasawa T. Preparation and char- 
acterization of neutmhzing monoclonal antibodies with differ- 
ent reactivity patterns to human rotaviruses. J Gen Virof 
1984;66:1845-1053. 
Tanigucbi K, Urasawa S. Urasawa T. Preparation and char- 
acterization of neutralizing monoclonal antibodies with differ- 
ent reactivity patterns to human rotaviruses. J Gen Viral 
1985:66:1045-1053. 
Taniguchi K, Urasawa I, Urasawa S. Reactivity patterns to 
human rotavirus strains of monoclonal antibody against VP2. 
a component of the inner capsid of rotavirus. Arch Viral 
1986;87: 135-141. 
Taoiguchi K. Urasawa T. Urasawa S, Yasuhara T. Production 
of subgroup-specific monoclonal antibodies against human co- 
tavinnes and their application to an enzyme-linked immuno- 
sorbent assay for subgroup determination. J Med Viral 
1984;14:115-125. 
Taylor PR. Merson MH, Black RE, et al. OraI rehydration 
therapy for treatment of rotavirus diarrhoea in a rural treatment 
centre in Bangladesh. Arch Dis Child 1980;55:376-379. 
Taylor B, Wadsworth J, Golding J, Butler N. Breast-feeding, 
bronchitis, and admissions for lower-respiratory illness and 
gastroenteritis during the first five years. Lancer 1982;1:1227- 
1229. 
Terrett LA, Saif L.I. Serial propagation of porcine group C 
rotavirus (pararotavinrs) in primary porcine kidney cell cul- 
tures. J Clin Microbial 1987;25:1316-1319. 
Theil KW, Bohl EH, Agnes AG. Cell culture propagation of 
porcine rotavirus (reovirus-like agent). Am J Vet Res 
1977;38:1765-1768. 
Theil KW, Bohl EH, Saif IJ. Techniques for rotaviral prop- 
agation. J Am Ver Med Assoc 1978;173:548-551. 
Theil K, McCloskey CM. Partial characterization of a bovine 
group A rotavirus with a short genome clectropherotype. J C/in 
Microbial 1988;26:1094-1099. 
Tbeii KW, Reynolds DL, Saif YM. Comparison of immune 
electron microscopy and genome electropherotyping tech- 
niques for detection of turkey rotaviruses and rotavirus-like 
viruses in intestinal contents. J Chin Microbial 1986:23:695- 
699. 
Thomas EE, Puterman ML, Kawano E, Curran M. Evaluation 
of seven immunoassays for detection of rotavirus in pediatric 
stool samples. J C/in Microbial 1988:26: 1189-l 193. 
Thomson AH. Dearlove J. Lewis 1. Patham P. Birkin N. Keogh 
A. Outbreaks of rotavirus gastroenteritis among premature in- 
fants. Br Med J 1981;283:1405. 
Thouless ME, Beards GM, Flewett TH. Serotyping and 
subgrouping of rotavirus strains by the ELISA test. Arch Viral 
1982;73:219-230. 
Thouless ME, Brydcn, AS. FIewett TH. Rotavirus neutrali- 
zation by human milk. Br Med I 1977:2:13YO. 

670. 

671. 

672. 

673. 

674. 

675. 

676. 

677. 

678. 

679. 

680. 

681. 

682. 

683. 

684. 

685. 

Thoulcss ME. Bryden AS. Flewett TH. Scrotypes of human 
rotavirus. Loncef 1978;1:39. 
Thouless ME, DiGiacomo RF, Deeb BJ, Howard H. Patho 
genicity of rotavirus in rabbits. J Ctin Microbial 1988;26:943- 
941. 
Thoulcss ME, DiGiacomo RF, Neuman DS.\Isolatlon of two 
lapine rotaviruses: characterization of theirsubgroup, serotype 
and RNA electropherotypes. Arch Virof lY86;89:161-170. 
Todd D, McNulty MS. Biochemical studies-on a reovirus-like 
agent (rotavirus) from lambs. I Virol 1977;21:1215-1218. 
Todd D. McNulty MS, Allan GM. Polyactylamide gel electro- 
phoresis of avian rotavirus RNA. Arc/r Viral 1980;63:87-97. 
Torres A, Ji-Huang L. Diarrheal response of gnotobiotic pigs 
after fetal infection and neonatal challenge with homologous 
and heterologous human rotavirus strains. J Viral 
1986;60:1107-1112. 
Torres-Medina A. Isolation of an atypical rotavirus causing 
diarrhea in neonatal ferrets. Lob Anim Sci 1987;37:167-171. 
Torres-Medina A, Wyatt RG. Mebus CA, Underdahl NR, Ka- 
pikian AZ. Diarrhea caused in gnotobiotic piglets by the human 
reovirus-like agent of human infantile gastroenteritis. JIficr 
Dis 1976;133:22-27. 
Tortes-Medina A, Wyatt RG, Tweihaus CA, Mebus CA, Un- 
derdahl NR, Kapikian AZ. Patterns of shedding of human reo- 
virus-Iike agent in gnotobiotic newborn piglets with experi- 
mentally-induced diarrhea. Inrervirology 1976;7:250-255. 
Tottcrdcll BM, Banatvala JE. Chrystie IL. Studies on human 
IacteaI rotavirus antibodies by immune electron microscopy. f 
Med Viral 1983;11:167-175. 
Totterdell BM, Chrystie IL, BanatvalaJE. Rotavintsinfections 
in a maternity unit. Arch Dis Child 1976;51:924-928. 
Totterdell BM. McLeod J, Chrystie IL. Banatvala JE. En- 
hancement of human rotavirus infectivity in a monkey kidney 
cell line by human expressed breast milk. I Med Viral 
1982;9:307-310. 
Totterdell BM, Nicholson KG, MacLeod J, Chrystie IL, Ban- 
atvala JE. Neonatal rofavirns infection: role of lacteal neu- 
tralising alpha I-anti-trypsin and nonimmundgIobulin antiviral 
activity in protection. J Med Viral 1982;10:37-44. 
Troonen H. False positive rotazyme results. Lnncer 
1984;1:345. 
Truant AL, Chonmaitree T. Incidence of rotavirus iniection in 
different age groups of pediatric patients with gastroenteris. I 
Clin Microbiof 1982;16:568-569. 
Tufvesson B. Detection of a human rotavirus strain diierent 
from rypes 1 and 2-a new subgroup? Epidemiology of 
subgroups in a Swedish and an Ethiopian community. I Med I 
Viral 1983;12:1ll-117. 

686. Tufvesson B, Johnsson T, Persson B. FantiIy infections by rco- 
like virus: comparison of antibody titres by complement fua- 
tion and immunoelectroosnwphoresis. Scond / Infect Dis 
1977;9:257-261. 

687. Tufvesson B, Polberger S. Svanberg L. Sveger T. A prospec- 
tive study of rotavirus infections in neonatal’and maternity 
wards. Acru Puediurr Sand 1986;75:211-215. 

688. Tursi JM. Albett Ml, Bishop RA. Production and characteri- 
zation of neutralizing monoclonal antibody to a human rota- 
virus strain with a “super-short” RNA pattern. 3 C&n Micro- 
bioI1987;25:2426-2427. 

I 

689. Tzipori S. Human rotavirus in young dogs. Med J Ausf 
1977;2:922-923. 

690. Tzipori S, Caple IW, Butler R. Isolation of a rotavitus from 
deer. Vet Ret 1976;99:398. 

691. Tzipori S. Walker M. Isolation of rotavirus from for& with 
diarrhea. Aust J Exp Biol Med Sci 1978:56:453-457. 

692. Uhnoo 1, Dbarakul T, Riepenhoff-Talty M. Ggra PL. Immu- 
nological aspects of interaction between rotavirus and the in- 
testine in infancy. Immunol. Cell Bid 1988;66:135-145. 

693. Uhnoo 1. Svcnsson L. Clinical and epidemiological features of 
acute infantile gastroenteritis associated with human rotrd~s 
subgroups I and II. I Clin Microbioi 1986;23:551-555. 

694. Urasawa S, Urasawa T, Djoko Y. Furuya K, Al&a S. Kan- 
amitsu M. A survey of rotavirus infection in the tropics. Ipn 
3 Med Sci Biol 1981;34:293-298. 



695. Urasawa T. Urasawa S. Tart&hi K. Sequential passages of 
human rotavirus in MA-184 cells. Microbial ZmmunoZ 
1981:25: 1025- 1035. 

696. Urnsawa S. Urasawa T, Taniguchi K. Three human rotavirus 
serotypes demonstrated by plaque neutralization of isolated 
stins. Infecr lmmun 1982;38:781-784. 

697. Urasawa S, Utasawa T. Taniguchi K. Genetic reassortmcnt 
between two human rotaviruses having different serotype and 
subgroup specificities. I Gen Viral 1986;67:1551-1559. 

698. Utasawa S, Urasawa T. Taniguchi K, Chiba S. Serotype de- 
termination of human rotavirus isolates and antibody preva- 
lence in pediatric population in Hokkaido. Japan. Arch Viral 
1984;81:1-12. 

699. Urasawa S, Urasawa T. Taniguchi K, et al. Validity of an en- 
zyme-linked immunosorbent assay with serotype-speciftc mon- 
oclonal antibodies for serotyping human rotavirus in stool spec- 
imens. Microbial Zmmunol 1988;32:699-708. 

700. Ushij ima H, Bosu K, Abe T, Shinozaki T. Suspected rotavints 
encephalitis. Arch Dis Child 1986;61:692-694. 

701. Ushij ima H, Konno H, Kim 8, Shinozaki T, Araki K, Fujii R. 
A new latex agglutination test kit for detecting rotavirus in stool 
from children with gastroentcritis. Pediorr Znficr Dis 
1986;5:492-493. 

702. Ushij ima H, Tajima T, Tagaya M, et al. Rotavirus and central 
nervous system. Bruin Dev /Tokyo1 1984; Abstract 138:215. 

703. Van Zaane D, Ijzerman J, DeLeeuw PW. Intestinal anttbody 
response after vaccination and infection with rotavirus of 
calves fed colosuum witb or without rotavirus antibody. Ver 
Immunoi Immunopnrhol 1986;11:45-63. 

704. Vaughn JM, Chen Y-S, Thomas MZ. Inactivation of human 
and simian rotavirus by chlorine. Appl Environ Microbial 
198651:391-394. 

705. Vesikari T, Isolauri E, Delem A, et al. Clinical efficacy of the 
RIT 4237 live attenuated bovine rotavirus vaccine in infants 
vaccinated before a rotavirus epidemic. J Pediorr 
1985;107:189-194. 

706. Vcsikari T, Isolauri E. Delem A, D’Hondt E. Andre FE, Zissis 
G. lmmunogcnicity and safety of live oral attenuated bovine 
rotavirus vaccine strain 4237 in adults and young children. Lun- 
CPI 1983;2:807-811. 

707. Vesikari T, Isolauri I, D’Hondt T. Dekm A. Andre F. In- 
creased “take” rate of oral rotavirus vaccine in infanls after 
milk feeding. Lancer 1984;2:700. 

708. Vesikari T, Isolauri E. D’Hondt E, Delem A, Andre FE, Zissis 
G. Protection of infants against rotavirus diarrhoea by RIT 4237 
attenuated bovine rotavirus strain vaccine. Lancer 1984;1:977- 
981. 

709. Vesikari T, Kapikian AZ, Delcm A, Zissis G. A comparative 
trial of rhesus monkey (RRV-1) and bovine (RIT 4237) oral 
rotavirus vaccines in young children. / Z&ecr Dis 
1986;153:832-839. 

710. Vesikari T. Rautanen T, Isolauri E, Delem A, Andre FE. Im- 
munogenicity and safety of a low passage level bovine rotavirus 
candidate vaccine RIT 4256 in human adults and young infants. 
Vaccine 1987;5:105-108. 

711. Vesilcari T, Rautanen T, Varis T, Beards GM, Kapikian AZ. 
Clinical trial of rhesus rotavirus candidate vaccine (strain MMU 
18006) in children vaccinated between 2 and 5 months of age. 
1989; (submitred). 

712. Vesikari T. Ruuska T. Bogae,+, H, Delem A, Andre F. Dose- 
response study of RIT 4237 oral rotavirus vaccine in breast- 
fed and formula-fed infants. Pediarr In&t Dir 1985;4:622- 
625. 

713. Vesikari T. Ruuska T. Delem A, Andm FF. Oral rotavirus vac- 
cination in breast- and bottle-fed infants aged 6 to 12 months. 
Acra Paediarr Stand 1986;75:573-578. 

714. VesIlcari T, Ruuska T, Delem A, Andre FE. Neonatal rotavirus 
vaccination with RIT 4237 bovine rotavirus vaccine: a prelim- 
inary report. Pediarr Infect Dis J 1987;6:164-169. 

715. Vial PA, Kotloff KL, Losonsky GA. Molecular epidemiology 
of rotavirus infection in a room for convalescing newborns. I 
Infer: Dis 1988;157:668-673.. 

716. Viera de Torres B, Mazzali de Ilja R, Esparza J. Epidemio- 
logical agents of rotavirus vtion in hospitalized Venezuelan 

ROI.AVIRUSES / 1403 

children with gastroenteritis. Am J Trap Med Hyg 1978;27:567- 
572. 

717. Vodopija I, Baklaic Z, Vlatkovic R. Bogaerts H, Dekm A. 
Andre FE. Combined vaccination with live oral polio vaccine 
and the bovine rotavirus RIT 4237 stain. Vaccine 1986;4:233- 
236. 

718. Vollet JJ III, DuPont HL, Pickering LK. Noncnteric sources 
of rotavirus in acute diarrhea. I Znfecr Dis 1981;144:495. 

719. Vollet JJ, Ericsson CD, Gibson G. et al. Human rotavirus In 
an adult population with travelers’ diarrhea and its relationship 
to the location of food consumption. I Med Viral 1979;4:81- 
m. -. . 

720. Vonderfecht SL, Miskuff RL. Eiden JJ, Yolken RH. Enzyme 
immunoassay inhibition assay for the detection of rat rotavints- 
like agent in intestinal and fecal specimens obtained from diar- 
rheic rats and humans. J Clin Microbial 1985;22:726730. 

721. von Bonsdorff CH. Hovi T, MakaIa P, Morttinen A. Rotavirus 
infection in adults in association with acute gastroentetitis. J 
Med Viral 1978;2:21-28. 

722. Wallace RE, Vasington PJ, Petricciani JC, Hopps HE, Lorenz 
DE. Kadanka Z. Development of a diploid cell line from fetal 
rhesus monkey lung for virus vaccine production. In Virro 
1973;8:323-332. 

723. Walsh JA. Warren KS. Selective primary health care. An in- 
terim strategy for disease control in developing countries. N 
Engl J Med 1979;301:%7-974. 

724. Wang S, Cai R, Chen J, Li R, Jiang R. Etiologic studies of the 
1983 and 1984 outbreaks of epidemic diarrhea in Guangxi. In- 
rervirology 1985;24:140-146. 

725. Ward RL. Bernstein DI, Young EC, Shenvood JR, Knowlton 
DR, Schiff GM. Human rotavirus studies in volunteers: deter- 
mination of infectious dose and serological response to infec- 
tion. J Infecr Dis 1986;154:871-880. 

726. Ward RL, Knowlton DR. Pierce MJ. EBIciencv of human ro- 
tavirus propagation in cell culture. J kZin Microbial 
19841191748-753. 

727. Ward RL, Knowlton DR. Schiff GM, Hoshino Y. Greenberg 
HB. Relative concentrations of serum neutralizing antibody to 
VP3 and VP7 proteins in adults infected with a human rofa- 
ViNS. J Virof 1988;62: 1543-1549. 

728. Watanabe H. Gust ID, Holmes IH. Human rotavirus and its 
antibody: their coexistence in feces of infants. J Clin Microbial 
1978:7:405-409. 

729. Weiss C, Clark HF. Rapid inactivation of rotaviruses by ex- 
posure. to acid buffer or acid gastric juice. I Gen Viral 
1985;66:2725-2730. 

730. Wenman WM. Hinde D, Feltham S, Gurwith M. Rotavirus in- 
fection in adults: results of a prospective family study. N Engl 
J Med 1979;301:303-306. 

731. .Whitehead RG. .Nutt-itional aspects of human lactation. Lancer 
1’%33:167-168. 

732. White RG, Mebus CA, Twiehaus Ml. Incidence of herds in- 
fected with a neonatal calf diarrhea virus (NCDV). Ver Med 
Small  Anim Clin 1970;65:487490. 

733. White L, Perez I. Perez M. et al. Relative frequency of rota- 
ViNS subgroups 1 and 2 in Venezuelan children with gastroen- 
teritis as assayed with monoclonal antibodies. J CZin Microbial 
1984;‘19-.516-520. 

734. Wang CJ, Price Z, Bruckner DA. Aseptic meningitis in an in- 
fant with rotavirus gastroenteritis. Pediarr Zqfecr Dis 
19843:244-246. 

735. Wood DJ, David TJ. Chrystie IL. TotterdelI B. Chronic enteric 
virus infection in two T-ceU imtmnmdefkient chihken. J Med 
Viral 1988;24:435-444. 

736. Woodc GN, Bew ME, Dennis MJ. Studies on cross protection 
induced in calves by rotavirus of caIves, chin and foals. 
Vet Ret 1978;103:32-34. 

737. Woode GN, Bridger JC. Hall G. Dennis MI. The isolation of 
a reovirus-like agent associated with diarrhea in colostnnnde- 
prived calves in Great Britain. Rex Vet Sci 1974;16:102-105. 

738. Woode GN, Bridger JC. Jones JM, et al. Morphological and 
antigenic relationships between viruses (rotaviruses) from 
acute gastroenteritis of children, calves, piglets, mice and foals. 
Z&w Immun 1976;14:804-810. 

- -. 



1404 ! CHAUER 49 

739. 

740. 

741. 

Woodc GN, Jones J, Bridgcr J. Levels of colostral antiiies 
against neonatal calfdiarrhoea virus. Ver Ret 1975;97: 148-149. 
Woode GN, Kelso NE, Simpson TF, Gaul SK, Evans LE. 
Babiuk L. Antigenic relationships among some bovine rota- 
virus: serum neutralization and cross-protection in gnotobiotic 
calves. J Ciin Microbial 1983;18:358-364. 
Woode GN, Zheng SL, Rosen BI, Knight N, Gourley NE, 
Rami RF. Protection between different scrotypes of bovine 
rotavirus in gnotobiotic calves: specificity of serum antibody 
and caproantibody response. J C/in Micro&o/ lP87;25:1052- 
1058. 

742. World Health Organization. Mortality due fo diarrheal diseases 
in the world. WHO Weekly Epidemiol Ret 1973;48:409-416. 

743. World Health Organization Scientific Working Group. Rota- 
virus and other viral diarrhoeas. Bull WHO 1980:58:183-198. 

744. Wright PF, Tajima T, Thompson J, Kokubun K, Kapikian A, 
Karzon DT. Candidate rotavirus vaccine (rhesus rotavirus 
strain) in children: an evaluation. Pediarrics 1987;80:473-480. 

745. Wyatt RG, Gill VW, Sereno MM. et al. probable in vitro cul- 
tivation of human rcovirus-like agent of infantile diarrhea. Lun- 
cet 1976;1:98. 

746. Wyatt RG, Greenberg HB, James WD. et al. Definition of 
human rotavirus serotypes by plaque reduction assay. Infecr 
fmmun 1984;37: I lO-115. 

747. Wyatt RG, James WD. Methods of gastroenteritis virus culture 
in viva and in vifro. In: Tymll DIU. Kapikian AZ, eds. Virus 
infections of rhe gostroinrestinal fract. New York: Marcel Dek- 
ker, 1982;13-35. 

748. Wyatt RG. James WD, Bohl EH, et al. Human rotavirus type 
2: cultivation in uirro. Science 1980;207: I89- 19 I _ 

749. Wyatt RG, James HD Jr, Pittmao AL, et al. Direct isolation 
in cell culture of human rotaviruses and their characterization 
into four serotypes. J C&n Microbial 1983;18:310-317. 

750. Wyatt RG, Kalica AR, Mebus CA, et al. Reovirus-like agents 
(rotaviruses) associated with diarrheal illness in animals and 
man. Perspecr Virol 1978;10:121-145. 

751. Wyatt RG, Kapikian AZ. Viral gastrointestinal infections. In: 
Feigin RD. Cherry JD. eds. Textbook of pediatric infectious 
disenses. vol 1,Znd ed. Philadelphia: WB Saunders. 1987;699- 
717. 

752. Wyatt RG. Kapikian AZ. Greenberg HB. Prospects for de- 
velopment of a vaccine against rotavirus diarrhea. In: Holme 
T. Holmgren J. Merson MH, Mollby R, eds. Acufe emetic in- 
fections in children: new prospects for matment and preven- 
tion. New York: ElsevierRJorth Holland. lP81:505-522. 

753. 

754. 

755. 

756. 

757. 

758. 

Wyatt RG, Kapikian AZ, Greenberg HB; et al: Development 
of vaccines against rotavirus disease. Prog Food Nurr Sci 
1983;7:189-192. 
Wyatt RG, Kapikian AZ, Hoshino Y, et al. Development of 
rotavirus vaccines. In: Conference proceedings: control and 
eradicarion of i&rious diseases in Latin America. Washing- 
ton. DC: Pan American Health Organization, 1985:17-28. 
Wyatt RG. Kapikian AZ, Mebus CA. Induction of cross-re- 
active serum neutralizing antibody to human rotavirus in calves 
after in utero adrninistm<ion of bovine rotavirus. J C/in Micro- 
biol 1983;18:505-508. 
Wyatt RG, Kapikian AZ. Thomhii TS, Sereno MM, Kim HW, 
Chanock R.M. In vitro cultivation in human fetal intestinal organ 
culture of a novirus-like anent associated with nonbacterial 
gastroenteritis in infants- and children. J fnfccr Dis 
1974;130:523-528. 
Wyatt RG. Mebus CA, Yolken RH, et al. Rotaviral immunity 
in gnotobiotic calves: heterologous resistance to human virus 
induced by bovine virus. Science 1975;203:548-550. 
Wyatt RG, Sly DL. London WT. et al. Induction of diarrhea 
in colostrumdeprived newborn rhesus monkeys with the 
human reovirus-like agent of infantile gastroenteritis. Arch 
Viral 1976;50:17-27. 

759. 

760. 

761. 

762. 

763. 

764. 

765. 

766. 

767. 

768. 

769. 

770. 

771. 

772. 

773. 

774. 

775. 

776. 

777. 

778. 

779. 

780. 

Wyatt RG. Yolken RH, Urrutia JJ. et al. Diarrhea associated 
with rotavims in NNI Guatamala: a longitudinal study of 24 
infants and young children. Am J Trap Med Hyg IP79;28:325- 
328. 
Yamaguchi H, lnouye S, Yamauchi M, et al. Anamnestic re- 
sponse in fecal IgA antibody production after rotaviral infection 
of infants. J Infect Dis l985;152:398-400. 
Yolken RH. Avidin-biotin radioimmunoassay for human ro- 
tavirus. J Infect Dis lP83;148:942. 
Yolken RH. Barbour BA. Wyatt RG, Kapikian AZ. Immune 
responses to human rotaviral infection-measurement by en- 
zyme immunoassay. J Am Vet Med Assoc 1978;173:552-5S4. 
Yolken RH. Bishop CA, Townsend TR, et al. Infectious gas- 
troenteritis in bone-marrow transplant recipients. NEnglJ Med 
1982;306:1009-1012. 
Yolkcn RH, Eiden J, Leister F. Self-contained enzymic mem- 
brane immunoassay for detection of rolavims antigen in clinical 
samples. Lancer 1986;2:1305-1307. 
Yolken RI-I. Kim HW, Clem T, et al. Enzyme linked immu- 
nosorbent assay @LISA) for detection of human rwvirus-like 
agent of infantile gastroenteritis. Lancer 1977:2:263-267. 
Yolken RH. Leister F. Wee SB, Miskuff R. Vonderfecht S. 
Antibodies to rotaviruses in chickens’ eggs: a potential source 
of antiviral immunoglobulins suitable for human consumption. 
Pediarrics 1988;81:291-295. 
Yolken RH. Losonsky GA, Vonderfecht S, Leister F, Wee SB. 
Antibody to human rotavirus in cow’s milk. N Engl J Med 
1985;312:606-610. 
Yolken RH, Murphy M. Sudden infant death syndrome asso- 
ciated with rotavirus infection. J Med Viral 1982;10:291-2%. 
Yolken RH, Wee SB, Eiden J, Kinney J, Vonderfecht S. Iden- 
tification of group B rotaviruses recognized by monoclonal an- 
tibody and application to the development of a sensitive im- 
munoassay for viral characterization. J Chin Microbial 
lP88;t6:1853-1858. 
Yolken RH, Wyatt RG. Barbour BA, Kim HW. Kapikian AZ, 
Chanock RM. Measurement of rotavirus antibody by an en- 
zyme-linked immunosorbent assay blocking assay. J C/in Mi- 
crobiol 1978;8:283-287. 
Yolken RI-I. Wyatt RG, Kapikian AZ. ELISA for rotavirus. 
Lances 1977;2:818. 
Yolken RH. Wyatt RG, Kim HW, Kapikian AZ, Chanock RM. 
immunological response to infection with human reovirus-like 
agent: measurement of anti-human reovirus-like agent immu- 
noglobulin G and M levels by the method of enzyme-linked 
immunosorbent assay. Infect Immun 1978;19:540-546. 
Yolken RH. Wyatt RG, Zissis GP. et al. Epidemiology of 
human rotavirus types 1 and 2 as studied by enzyme-linked 
immunosorbent assay. N Engf J Med 1978;299: llS6-I 161. 
Yow MD, Melnick JL. Blattner RJ. Stephenson WB, Robinson 
NM. Burkhardt MA. The association of viruses and bacteria 
with infantile diarrhea. Am J Epidemiol 1970;92:33-39. 
Zaki AM, DuPont HD, cl Alamy MA, et al. The detection of 
enteropathogens in acute diarrhea in a family cohori population 
in Nd Egypt. Am J Trop Med Hyg 198635:1013-3022. 
Zissis T. Het belang van rotavirus in die etiologie van infantiele 
diaree. MD thesis. Vrije Universiteit, Brussels, 1979. 
Zissis G, Lambert JP. Different serotypcs of human rotavi- 
ruses. Luncet 1975;1:38-39. 
Zissis G, Lambcrt JP. De Kegel D. Routine diagnosis of human 
rotavirus in stools. J Clin Parhol 197831:175-178. 
Zissis G, Lambert JP, Fonteyne J, De Kegel. Child-mother 
transmission of rotavirus? Lancer 1976;1:%. 
Zissis G. Lambert JP. Ma&chant P, et al. Protection studies 
in colostrumdeprived piglets of a bovine rotavirus vaccine can- 
didate using human rotavirus strains for challenge. J Infecf Dis 
1983;148:1061-1068. 



Fields 
VIROLOGY 

Second Edition 

volun-le 2 

EDITORS- IN-CHIEF 

Bernard N. Fields, M.D. 
Departments of Microbiology and 

Mokcular Genetics, KITUI Medicine 
Harvard Medical School 

and Brigham and Womens Hospital, 
and The Shipky Institute of Medicine 

Boston, Massachusetts 

David M. Knipe, Ph.D. 
Department of Microbiology and 

Mokk&w Genetics 
Harvard Medical School 
Boston, Massachusetts 

ASSOCIATE EDITORS . 

Robert M. Chanock, M.D. Martin S. Hirsch, M.D. 
Laboramy of lnfectbus Disease.5 Infd Diseuses Unit 

National Institutes oj Health Mussaducretu Generul Hoqitol 
Bethed, Mmykmd Boston, Mussuchuwtts 

Joseph L. Melnick, Ph.D., D.Sc. Thomas P. Monath, M.D. 
Lkpament of Vim&y d Epidemiology uSAMNrD-viifogy Iliuision 

Baylm CoUege of Medicine Fort Detik 
Texas Medical Center Fderick, Maryland 

Houston, Texas 

Bernard Roizman, Sc.D. 
Depumnent of Mokukw Generics and CeU Biology 

University of Chicago 
Chicago, iuinoir 

Raven Press +S New York 



Raven Press, 1185 Avenue of the Americas, New York, New York 10036 

Q 1990 by Raven Press. Ltd. All rights reserved. This book is protected 
by copyright No part of it may be reproduced, stored in a retrJevaJ 
system, or transmitted, in any form or by any means, electronical. 
mechanical, photocopying, or recording, or otherwise. without the prior 
written permission of the publisher. 

Made in the United States of America 

Library of Congress Cataloging-in-Publicath Data 

Virology (Raven Press) 
Fields virology. 

Rev. ed. of: Viiology I editor-in-chief, Bernard N. 
Fields ; associate editors, David M. Rnipe . . . [et al.]. 
cJ985. 

Includes bibliographical references. 
1. Virology. I. Fields. Bernard N. II. KnJpe, 

David M. (David Mahan), 1950- . 111. Title. 
IV. Title: Virology. [DNLM: 1. Virus Diseases. 
2. Viruses. Q W  160 VU91 
QR36KV512S 1990 616.0194 89- 10946 
ISBN 0-88167-552-O 

The material contained in this volume was submitted as previously 
unpublished material. except in the instances in which credit has been 
given to the source from which some of the illustrative material was 
derived. 

Great care has been taken to maintain the accuracy of the information 
contained in the volume’. However, neither Raven Press nor Ure editors 
can be heid responsible for errors or for any consequences arising from 
the use of the information contained herein. 

Materials appearing in tMs book prepared by individuals as part of 
their offtcial duties as U.S. Government employees are not covered by 
the above-mentioned copyright. 

987654321 



CHAPTER 24 

Norwalk Group of Viruses 

Albert Z. Kapikian and Robert M. Chanock 

Virology, second Edition, edited by B. N. Fields. 
D. M. Knipe et al. Raven Press. Ltd.. 
New York Q 1990. 

History, 671 
Infectious Agents, 674 

Classification, 674 
Comparison Between the Norwalk Group of 

Viruses and .Other Small, Round Par$cles 
Detected in Feces of Patients with 
Gastroenteriiis, 675 

Physicochemical Properties of Norwalk Viruses 
and Related Viruses, 677 

Propagation and Assay in Cell Culture, 677 
Infection of Experimental Animals and Host 

Range, 678 
Pathogenesis and Pathology, 678 
Epidemiology, 678 

Prevalence and Incidence, 678 
Epidemic Pattern. of Infection, 680 

The Importance of Norwalk Virus in Outbreaks of 
Epidemic Gastroenteritis, 681 

Traveler’s Diarrhea, 682 
Transmission, 682 
incubation Period, 683 
Geographic Distribution, 683 
Temporal Distribution, 683 

Immunity, 683 
Clinical Features, 684 
Diagnosis, 684 

EM, 685 
IEM, 685 
RIA and ELISA, 686 
IAHA, 687 

Treatment, 687 
Control and Prevention, 687 
References, 688 

The 27-nm Norwalk virus is a major cause of epi- 
demic viral gastroenteritis, a disease that occurs in 
family or communityrwide outbreaks and predomi- 
nantly, affects school-aged children, adults, and family 
contacts (13,18,43,47,i01,104,107,210.215). Gastroen- 
teritis is an important. public health problem in both 
developed and developing countries. Infectious gas- 
troenteritis was the second most common disease 
recorded in the Cleveland Family Study among some 
25,000 illnesses over a lo-year period, accounting for 
16% of the illnesses studied (46). Undoubtedly, the 
Norwalk virus or a related virus was responsible for 
a substantial portion of these illnesses. However, 
the Norwalk virus is not associated with severe viral 
diarrhea1 illnesses of infants and young children 
(13,22,43.79,124,192); these have been linked predom- 
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inantly with the 70-nm rotaviruses descriied in Chap 
ter 49. Thus, these two distinct groups of agents 
(namely, Norwalk and related viruses and the rotavi- 
ruses) are of major importance as etiologic agents of 
infectious gastroenteritis, and each has its own unique 
epidemiological characteristics. 

HISTORY 

Bacteriologic and parasitologic discoveries made 
during the past century resulted in elucidation of the 
etiology of a small portion of diarrhea1 episodes, leav- 
ing a major segment that could not be associated with 
any etiologic agent. During the 1940s and 195Os, it was 
assumed by exclusion that viruses were responsible for 
the major portion of these illnesses. Because viruses 
responsible for acute enteric disease could not be prop- 
agated in vifro, volunteer studies were initiated in 
order to determine whether bacteria-free stool filtrates 
derived from outbreaks of gastroenteritis would induce 
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illness; if they did, intensive efforts could be initiated 
to isolate the agent from the infectious fecal filtrate. 

In 1945, Reiman et al. (177) reported that enteric 
illness could be induced in volunteers by aerosolization 
of bacteria-free throat washings or fecal suspensions 
derived from patients with gastroenteritis. Illness was 
not produced by oral administration of throat washings 
or fecal suspensions. Two years later, Gordon et al. 
(69) described the induction of an afebrile diarrhea1 
illness in volunteers who were fed bacteria-free fecal 
filtrates or throat washings from patients with gas- 
troenteritis. This infectious inoculum was derived from 
pooled diarrhea1 stools obtained from two individuals 
who became ill during an outbreak of gastroenteritis 
at Marcy State Hospital near Utica, New York. This 
agent, designated the Marcy srruitz, was successfully 
passaged serially seven additional times in volunteers, 
indicating that it had multiplied in vivo and was not 
merely a filterable toxin (71). Both short-term (several 
weeks) and longer-term (9-15 months) immunity to 
this agent were demonstrated by homologous rechal- 
lenge (69,70,72). 

During this same period, Japanese investigators also 
attempted to determine the etiology of nonbacterial 
gastroenteritis. In 1948, Kojima et al. (122) induced 
gastroenteritis in volunteers by administering bacteria- 
free fecal filtrates derived from cases of diarrhea in the 
Niigata Prefecture and other districts. Serial passage 
was successful, and short-term immunity w& dem- 
onstrated following rechallenge. In the same year, Ya- 
mamoto et al. (217) described the induction of diarrheaI 
illness in volunteers (and cats as well) who were fed 
bacteria-free fecal filtrates derived from a gastroen- 
teritis epidemicin the Gumma Prefecture. In 1957, Fu- 
kumi et al. (64) established a relationship between the 
Niigata Prefecture strain and the Marcy strain by 
cross-challenge studies in volunteers. Initially, intradu- 
odenal administration of the Marcy strain induced 
diarrheal illness. Two months later, challenge with the 
Niigata strains by the same route did not induce illness, 
suggesting that the two strains were antigenically re- 
lated. 

In 1953, Jordan et al. (98) induced a febrile gastroen- 
teritis in volunteers who were fed a bacteria-free fecal 
filtrate derived from a participant in the Cleveland 
Family Study who developed gastroenteritis. The 
agent was designated the FS strain and was passaged 
serially in volunteers. Cross-challenge studies with the 
Marcy and FS strains revealed that they were distinct. 
Also, the incubation period of these two agents, as well 
as their clinical presentation, were different. 

During the course of the aforementioned studies, 
fecal specimens were identified that contained filter- 
able agents capable of inducing acute gastroenteritis. 

,I,,. Inmany instances, these specimens were studied in- 
tensively in the laboratory in an attempt to detect an 

etiologic agent, prestimably a virus. Despite extensive 
use of the tissue culture techniques developed during 
the 195Os, a specific etiologic agent was not identified. 

This historical description of viral gastroenteritis has 
focused on that form of the disease which character- 
istically occurs in outbreaks in communities, schools, 
or families and affects school-aged children and adults. 
Concurrent studies of the etiology of nonbacterial in- 
fantile diarrhea also failed to reveal an etiologic agent 
as described in Chapter 49. 

By the beginning of the 197Os, the etiology of most 
community outbreaks of gastroenteritis still could not 
be established (218). This was particularly frustrating 
to virologists because it was assumed that the non- 
bacterial gastroenteritides were most likely caused by 
viruses. Also, during the preceding 20 years, which 
represented the beginning of the tissue culture era, 
more than a hundred new cultivatable viruses were 
discovered; many of these grew to high titer in the 
enteric tract, but not one of the newly recognized 
“enteric viruses” could be implicated as an important 
etiologic agent of infectious gastroenteritis (35.37, 
99,158,215,218). 

During the late 196Os, new techniques were devel- 
oped for detection of fastidious viruses. These tech- 
niques included the use of organ culture, which pre- 
served cells in their normal state of differentiation and 
architecture. The first .human coronavirus was re- 
covered in human embryonic tracheal or nasal organ 
cultures (206). This success in growing the fastidious 
coronaviruses stimulated renewed efforts to cultivate 
the heretofore elusive etiologic agents of “viral” gas- 
troenteritis. These attempts, which employed the 
newer methods of organ culture as well as standard 
tissue culture techniques, also failed to yield an etio- 
logic agent. Although the specimens tested in these 
studies came from patients with nonbacterial gastroen- 
teritis, the infectivity of these fecal samples had not 
been demonstrated by transmission of disease to vol- 
unteers. Thus, failure to test proper specimens might 
have been responsible for failure to detect viruses re- 
sponsrble for gastroenteritis. Fecal suspensions of 
known infectivity containing the Niigata, Marcy, or FS 
agents could not be used for this purpose because these 
virus-containing materials had been exhausted or were 
not available at that time. For this reason, volunteer 
studies were initiated to identify fecal suspensions that 
contained infectious agents capable of inducing acute 
gastroenteritis and that could be used in an intensive 
effort to identify viral enteric pathogens (21). 

Specimens collected during a gastroenteritis out- 
break in Norwalk, Ohio were of particular interest. 
This outbreak, which was investigated by the Centers 
for Disease Control (CDC), began in October 1968 (1). 
During a 2-day period, acute gastrointestinal illness 
developed in 50% of 232 students and teachers of an 



elementary school, and a secondary attack rate of 32% 
was observed among family contacts of primary cases. 
The disease lasted about 24 hr and had an incubation 
period of approximately 48 hr and was designated 
epidemic vomiting disease because it resembled this 
syndrome first described by Zahorsky in 1929 (219). 
Although some of the patients had diarrhea, the 
predominant clinical manifestations were vomiting and 
nausea (1). An intensive laboratory study of clinical 
specimens from the Norwalk outbreak failed to reveal 
an etiologic agent. A bacteria-free filtrate was prepared 
from a rectal swab specimen obtained from a second- 
ary case of gastroenteritis, and subsequently this fil- 
u-ate was administered orally to three volunteers (50). 
Two of these individuals developed gastroenteritis. 
The agent was serially passaged to other volunteers 
and induced a gastroenteric illness in approximately 
50% (49). Although stool filtrates containing an infec- 
tious agent were identified, all attempts to cultivate the 
agent in cell or organ culture or to transmit it to various 
experimental animals were unsuccessful (21,49,50). 

The “W” agent, derived from an outbreak of illness 
characterized by vomiting, fever, and mild diarrhea 
which occurred in a boys’ boarding school in the 
United Kingdom, was identified by transmission in 
volunteers shortly after the Norwalk agent was trans- 
mitted to volunteers in the United States (34). At- 
tempts to propagate the “W” agent in celI or organ 
cultures were also unsuccessful. 

Subsequently, in 1972, Kapikian et al. (108) discov- 
ered virus-like particles in fecal material derived from 
the Norwalk outbreak. These particles were 27 nm in 
their shortest diameter and 32 run in their longest di- 
ameter (referred to as 27-nm particles) (Fig. I). This 
was achieved by application of the technique of im- 
mune electron microscopy (IEM), which involves the 
direct observation of antigen-antibody interaction by 
electron microscopy (3,4,11,103). IEM was described 
for the first time in 1941 but did not achieve its fullest 
potential for many years (4,ll). The IEM technique 
has been particularly useful in visualizing viruses that 
are present in low concentration in feces, because an- 
tibodies aggregate virus-particles and thus act to con- 
centrate such viruses. Antibodies also aid in ident& 
cation of virus particles by producing a characteristic 
antibody coating of particles (103). 

Spherical particles, 27 nm in diameter, were visu- 
alized in a fecal filtrate with known infectivity which 
was derived from a volunteer who developed gastroen- 
teritis following oral administration of bacteria-free 
fecal material obtained from one of the two volunteers 
who had developed illness in the first Norwalk chaI- 
lenge study (108). This was achieved by incubating the 
fecal filtrate, which had induced gastroenteritis in 6 
of IO volunteers following oral administration, with 
convalescent phase serum from, one of these six vol- 
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FIG. 1. An aggregate ObSeNt?d after incubation of 0.8 ml 
of Norwalk (8Flla) stool filtrate with 0.2 ml of a 1:5 dilution 
of prechallenge serum of a volunteer and further prepa- 
ration for electron microscopy. The quantity of antibody 
on these particles was rated as 1 + . Bar = 100 Frn. (From 
ref. 108 with permission.) 

unteers. Following centrifugation of the mixture, the 
sediment was examined by electron microscopy (EM), 
and 27-nm particles coated with antibody were ob- 
served. The IEM technique was then adapted to the 
detection and measurement of antibodies that reacted 
with the 27-nm particle. A serological response was 
observed when paired sera from four of the ill vol- 
unteers were tested by IEM. Certain individuals who 
developed illness during the original Norwalk outbreak 
also develoljed a seroresponse to the 27-nm particle 
by IEM. In each. of these instances, convalescent- 
phase serum from. certain naturally or experimentally 
infected individuals contained significantly more an- 
tibody detectable. by IEM than did acute-phase or 
preinfection serum. These observations and the tem- 
poral pattern of virus shedding suggested that the 
27-nm particle was the etiologic agent of the NorwaIk 
outbreak (108,202). 

The IEM method used for the discovery of the fas- 
tidious noncultivatable 27-nm Norwalk particle (and 
later the 27-nm hepatitis A virus as well) bypasses (by 
necessity) tissue culture and experimentaI animals for 
virus detection (61,102,103,109). Instead, specimens 
are examined directly by EM, and disSin&ievispar- 
ticIes that react with antibodies in convalescent-phase 
serum are sought. Moreover, Giih’ ni$.hpd. extends bei 
y+d;y jr;p: ~~~~~~~~~c~~~~~~~~~~~,~~~~~~~ h&-W 1 ,. .^ . 3, 1 
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characterization of the particle by serological, epide- 
miological, and biophysical techniques. 

INFECTIOUS AGENTS 

Classification 

The Norwalk virus is the prototype strain of a group 
of fastidious 23- to 34-nm nonenveloped viruses as- 
sociated with outbreaks of gastroenteritis. These 
agents share certain characteristics: (a) They were de- 
tected in feces of gastroenteritis patients; (b) they can- 
not be cultivated in cell cultures by standard tech- 
niques; (c) their nucleic acid content is not known; (d) 
they have a buoyant density of 1.36-1.41 g/cm’ in 
CsCl; and (e) they lack a distinctive morphologic ap- 
pearance by EM (7,10,13,28,29,43,53,79,95,104,108, 
109,160,203). Table I lists various members or possible 
members of this group along with their properties. The 
possible members have similar properties, except their 
density differs or has not been reported. 

The antigenic relationships among these viruses 
have been evaluated primarily by IEM, employing sera 
from infected individuals and antigens present in fecal 
suspensions. There appear to be at least four distinct 
serotypes: the Norwalk, Hawaii, Ditchling (or W) and 
Snow Mountain viruses (Table 1) (7,53,103,108,146, 
212). The cockle agent is distinct from Norwalk virus, 
but its relationship to the other serotypes is not known 
(IO). The Taunton agent has not been tested serolog- 
ically against any of the established serotypes (28,29), 
and the Parramatta agent has only been shown to be 
distinct from Norwalk virus (33). 

The Norwalk group of viruses has not yet been clas- 
sified into any family of viruses because essential 
information such as their nucleic acid content is lack- 
ing. Initially, it was suggested that the Norwalk virus 
was parvovirus-like on the basis of its size, morpho- 
logy, acid, ether, heat stability, and buoyant density 
(49,104,lOS). However, studies of the polypeptides of 
N&walk virus indicate that it is not parvovirus-like. 
Rather, it appears to be “calicivirus-like” because it 

TABLE 1. .@?aracteristics of Norwalk virus, Norwalk-like viruses, and other possibly related agents identified in specimens 
from patients with acute epidemic nonbacterial gastroenteritis’ 

Virus [initial source and 
ref.] 

Size 
(nm) 

Administration* of 
Serologic 

Density Growth virus induces illness Particle responses 
in CsCl in cell ‘? detected detected 
(g/cm? culture Humans’ Animals by by Antfgenic relationships 

Norwalk [elementary school 
GE outbreak in USA (49, 
50.61.93,94,104,105.166, 
2Wl 

Hawaii [family GE outbreak 
in USA (51,106,263,212)] 

Montgomery County (MC) 
(family GE outbreak in 
USA (108203,212)) 

Dltchling [primary school 
GE outbreak in England 
(7)1 

“w” (Wollan) [boys’ 
boarding school GE 
outbreak in England 
(734,103)1 

Cockle [GE outbreak after 
ingestion of cockles in 
England (lo)] 

Taunton (UK) [hospital GE 
outbreak In England 
(2629,137)] 

Parramatta [primary school 
GE outbreak in Australia 
W)l 

Snow Mountain (Colorado) 
[waterborne GE outbreak 
in resort camp in USA 
(25.53.54.146.160,166)] 

27 x 32c 1.36-1.41 No 

26 x 29“ 

27 x 32’ 

1.37- 1.39 No 

1.37-1.41 No 

25-26 1.36-1.40 No 

25-26 1.36-1.40 No 

25-26 1.40 No 

32-34 1.36-l .41 No 

23-26 NT No 

27-32 1.33-l 34 No 

Yes 

Yes 

Yes 

NT. 

Yes 

NT 

NT 

NT 

YeS 

No 

No 

No 

No 

NT 

NT 

NT 

NT 

NT 

IEM, RtA, fEM, AIA. 
IAHA, IAHA, 
ELISA ELISA 

IEM, IEM, 
ELISA ELISA 

IEM IEM 

EM IEM 

EM IEM 

EM IEM 

EM IEM 

EM IEM 

IEM. FIIA. IEM, RlA. 
ELBA ELISA 

Distinct 

Distinct 

Related to Norwalk virus by 
IEM and cross-challenge 
studies 

Ditchling and “w” agents 
related to each other but 
appear to be dlstlnct 
from Norwalk and Hawall 
viruses by IEM 

Appears distinct from 
Norwalk virus by IEM 

Distinct from a human 
astrovirus by IEM 

Distinct from Norwalk agenl 
by IEM 

Distinct from Norwalk 
Hawaii, and Marin County 
agents by IEM or RIA 

’ ELISA, enzymelinked immunosorbent assay; GE. gastroenteritis; IEM, immune electron microscopy; IAHA, Immune adherence hem- 
agglutination; NT, not tested; RIA, radioimmunoassay. 

b Alimentary route. 
’ Shortest x longest diameter. 



has a single primary vu-ion-associated protein with an 
: estimated molecular weight of 59,000 daltons (76.79). 

In addition, a single soluble protein of 30,000-dalton 
molecular weight is present In stools of infected indi- 
viduals (76,79). It cannot be-considered a parvovirus 
because the latter have three structural proteins with 
molecular weights ranging between 60,000 and 85,000 
daltons (183). In addition, it is not a picomavirus be- 
cause these viruses have four structural polypeptides 
with molecular weights ranging from 8,000 to 35,080 
(36). The cahciviruses, however, have a single struc- 
tural protein with a molecular weight of about 65,000 
daltons (185). Some caliciviruses also have a small 
vu-ion-associated protein of 15,OOtSdaltons molecular 
weight and a nonstructural virus-associated protein 
with a molecular weight of 29,000 daltons (185). It 
should be noted that the Norwalk virus bears some 
resemblance morphologically to the caliciviruses and 
has a similar buoyant density in CsCl as described 
below. Further evidence that the Norwalk virus may 
indeed be a calicivirus is provided by studies of paired 
sera from individuals with serologic evidence of infec- 
tion with a human calicivirus: 12 of 20 patients with 
gastroenteritis associated with human calicivirus UK4, 
as well as two of eight with gastroenteritis associated 
with human calicivirus UK2, developed a serore- 
sponse by radioimmunoassay (RIA) to Norwalk virus 
(39). A relationship could not be shown by IEM, which 
probably measures serotype-specific antigens, 
whereas the RIA likely recognizes a group antigen. 
Therefore, definitive classification of the Norwalk 
group of agents is not possible at this time. 

Comparison Between the Norwalk Group of Viruses 
and Other Small, Round Particks Detected in Feces 
of Patie .ti with Gastroenteritls 

ii&# 
. . 

The alk virus is a nonenveloped circular par- 
ticle that averages 27 x 32 nm in its shortest and Iong- 
est diameters (Fig. 1) (108). A definite substructure is 
not readily apparent, although there is a suggestion of 
small indentations on its surface (79). These indenta- 
tions are not as pronounced as the cup-like depressions 
of conventional caliciviruses (39,185). Because in most 
instances antibodies are required for the concentration 
and visualization of Norwalk virus, it is impossible that 
certain features of virus surface substructure are ob- 
scured by antibody. In addition, the Norwalk virus 
characteristically has a somewhat indistinct rough 
outer edge; whether this is a result of the attachment 
of antibody or is a feature of its surface structure is 
not certain. . 

An interim scheme of classification of small, round, 
fecal viruses has been proposed based primarily on 
their morphological appearance (28). The viruses, 
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which were all examined in the same laboratory under 
similar conditions, were divided into two main groups: 
featureless and structured. The former included vi- 
ruses that had a smooth outer edge without a defined 
surface structure. The latter included those with a de- 
fined surface Btructure and/or a ragged edge. The fea- 
tureless strains included cocksackie B5 (a picomavi- 
NS), hepatitis. A (a picornavirus). mink enteritis (a 
parvovirus), ?nd the gastrointestinal viruses “W” 
(Wollan), Ditchling, cockle, and Parramatta, which 
were considered lo be possible parvoviruses. The 
structured particles included the Norwalk, Hawaii, 
Taunton, astro-, calici-, and Harlow viruses. The Nor- 
walk, Hawaii, and Taunton viruses comprised a 
subgroup designated small, round, structured viruses; 
these were readily distinguishable from the astrovi- 
ruses (which exhibit a five- or six-pointed surface star 
that is stained in its center) and the calciviruses (which 
have a six-pointed surface star with a hollow at the 
center, along with surface cup-like depressions) 
(28,140). It is of interest that the Harlow virus, which 
did not have the: typical astrovirus surface structure, 
was subsequent]) identified as an astrovirus by IEM 
and by examination of infected cell cultures by the 
immunofluorescefnce (IF) technique (7,8,28). 

Table 2 summirizes the major differences between 
the Norwalk virus (and its related viruses) and other 
small, round, virus-like particles that have been de- 
tected in stools of infants and young children with 
acute gastroenteiitis. Astroviruses, which have a dis- 
tinctive appearance by EM, have characteristically 
been detected in stools of infants and children with 
mild gastroenteritis (12,55,118,130,142,144,145). As- 
troviruses have a positive-strand RNA genome (127). 
The electrophoretic mobility pattern of their polypep 
tides suggests that they belong to the picomavirus fam- 
ily, since preliminary evidence indicates that they pos- 
sess four polypeptides with molecular weights ranging 
from 26,500 to 52,000 (127,130). The buoyant density 
of human astroviruses has been reported variably at 
1.33-1.34, 1.35-1.37, or 1.38-1.42 g/cm3 in CsCl 
(123,127,130,139). Currently, live distinct serotypes, 
each of which can be grown in cell culture, are rec- 
ognized by IF and immunosorbent electron micros- 
copy with serotype 1 strains predominant (92.127-130, 
133,135). The Mat-in County virus, derived from 
an outbreak of gastroenteritis in a convalescent 
home for the elderly and initially considered to be 
a Norwalk-like virus, is now classified as astrovirus 
type 5 (91,92,157,168). Astroviruses are only rarely 
associated with disease serious enough to require 
hospitalization (22,56,124). Astroviruses have been 
associated with outbreaks of mild gastroenteritis in 
a newborn nursery, a kindergarten, and a pediatric 
ward (123,132). In the the latter two instances, adult 
contacts were also affected. In addition, astroviruses 
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TABLE 2. Comparison of Norwalk group of viroses with other smaii, round pat-tic/es detected in feCeS from patients with 
acute gastroenteritis’ 

Evidence of Implicated as 
infection of important 
humans by Implicated as cauwof 

seroresponse important epldemlo 
Genome Growth causa of severe gastroenteritis 

Vkus or virus-llke Sue Morphology by EM nucleic Censlty in CsCl In cell t,~:!SO” Infantile of children and 
particle (nm) (negative stain) acid viral protein(s) (@cm’) culture m gastroenterftio adults 

Norwalk virusb 27 Spherlcal, edge not Not known Single struc- 1.33-1.41 NO No YW 
(43.104.106.106. sharply defined: sug- tura1 poly- 
109,212) gwtlon of surface In- peptlde (Se- 

Astrovirusao 
(90.123,127, 
128.130.131. 

dentalions 62 kd) 
28 -30 Five or six-pointed SW- RNA Four polypep 1.33-1.34. or 

face star without a tides (26.6- 1.36-137, or 
central hollow (10% 62 kd) 1.36-1.42 
of particfes): trlangu- 
lar surface hollows; 
smooth circular edge 

30-40 Six-pointed surface star RNA Single struc- 1.37-1.40 
with central hollow: tural poly- 
circular oval surface peptide (62 
hollows; scalloped W  
feathery outer edge 

30 Spherical; some parti- Not known Not known Not known 
cles have double cap 
sld: others appear as 
rim-like structures 
with external projec- 
tion 2-3 nm long 

33-40 SpherIcal with surface Not known Not known Not known 
projections: 20 round 
or rod-shaped capso- 
mefs seen by rota- 
tional enhancement 

VW 

Yw (EM. RIA. 
ELlsA, 

‘Awa 
Yes (IEM. iF. 

T) 
No No 

133.134; 139-142) 

Calicivirus 
(31,32.140.143, 
163,196) 

, klirwviNa 
“27 166,193) 

Otofuke agent (and 
antigenioally re- 
lated Sapporo 
agent; a morpho- 
ioglcally similar 
VINS, owka 
agent, has also 
been detected 
W6.W 

SRvt (other than Not known Not known Not known 
Norwalk group) (6, 

20-30 Round particles with 

t6.26.27.60,62,121. 
smooth edge: surface 
structure not dfstlnc- 

156.171-174,218) tive 

Yes 

No 

No 

No 

Yes (IEM. RIA) 

No 

YW (IEM) 

No 

No 

No 

No 

No 

No , 

No 

No No 

a EM, electron microscopy: IEM. immune electron microscoov: IF. lmmunofluorescence; RIA. radioimmunoassay: ELISA, enzyme linked immunosorbent assay: 
SRVs. small, round viruses.. 

. -. 

D SW Table 1 for other members or possible members of Norwalk group. 

have been associated with acute gastroenteritis in the 
elderly in a nursing home and on a geriatric ward (42). 
Antibody prevalence studies indicate that ~‘70% of 
children acquire astrovirus serum antibody by 5 years 
of age (128). Astrovirus infection was induced in 13 of 
16 adult volunteers, but only one person developed a 
d&heal illness (131). Astroviruses have also been as- 
sociated with (a) diarrhea in lambs, dogs, cats, and 
turkeys and (b) hepatitis in ducks (73,96,130,149,150. 
152,190,191,208). The lamb astrovirus is not related 
antigenically to human or calf astrovirus (190,191). The 
calf astrovirus does not induce illness in gnotobiotic 
calves, whereas the lamb astrovirus induces diarrhea 
in gnotobiotic lambs (74,191,211). The lamb astrovirus 
contains single-strand RNA and has two major capsid 
polypeptides (90). 

Caliciviruses are icosahedral viruses with a positive- 
strand RNA genome which have a single structural 
polypeptide of 62-kd molecular weight and possess a 
distinctive appearance when viewed by EM (140,185). 
At least four distinct strains of human calicivirus have 

been identified (39). In addition, a one-way serologic 
relationship with the Norwalk virus has been observed 
by RIA but not by IEM (39). Particles with classic . 
calicivirus morphology have been associated with pe- 
diatric gastroenteritis (31,38,41,63,I43,153,154,156, 
193,1%), but these agents are only rarely associated 
with severe infantile gastroenteritis requiring hospi- 
talization. However, they were detected in the small 
bowel of a 22-month-old child who died of acute gas- 
troenteritis (63). They have also been detected in out- 
breaks of gastroenteritis in (a) a nursery housing in- 
fants and very young children, (b) children in a primary 
school, and (c) children attending day-care centers 
(31,41,153,154). Serologic evidence of infection was 
demonstrated by IEM. Calicivirus-like particles have 
also been associated with outbreaks of gastroenteritis 
in homes for the elderly (38.42.75). During a survey of 
647 pediatric patients hospitalized with gastroenteritis 
in Japan, calicivirus-like particles were visualized in 
the stools of 1.2% of individuals tested (1%). Antibody 
prevalence studies demonstrate a rapid acquisition of 



serum antibody to a calicivirus-like agent by 5 years 
of age (40,162,165,182). A bovine calicivirus-like par- 
ticle (Newbury agent) that induced diarrhea, villous 
atrophy in the small intestine, and decreased o-xylose 
absorption in gnotobiotic calves has also been de- 
scribed (24,21 I). Calicivirus-like particles have also 
been detected in piglets (I 81). A RIA for a human cal- 
icivirus has been developed (163); serum antibody 
measured by this assay was found to correlate with 
resistance to illness in infants and young children (164). 

In Japan, the 34- to 48-nm Otofuke agent, which has 
a density of 1.35-1.37 g/cm3 in &Cl, was associated 
with an outbreak of mild gastroenteritis in a work train- 
ing center for mentally deticient adolescents and adults 
(199). As with the calicivirus-like agents, serologic evi- 
dence of infection was detected by IEM. Virus-like 
particles (Sapporo agent) 33-39 nm in size were as- 
sociated with an outbreak of gastroenteritis in infants 
and young children in an orphanage (120). The Sapporo 
agent, which has a density of I .37- 1.40 g/cm3 in CsCI, 
was shown by IEM to be antigenically related to the 
Otofuke agent but distinct from Norwalk, Hawaii, and 
W agents as weIl as a human enteric calicivirus-like 
particle (120). The 35- to 40-nm Osaka agent, which 
has been associated in Japan with sporadic infantile 
gastroenteritis and with outbreaks of gastroenteritis in 

1 a nursery and in primary schools, resembles the Oto- 
ii fuke agent by EM (166). 

The 30- to 32-nm “minireoviruses” have been de- 
tected in pediatric patients with nosocomial gastroen- 
teritis as well as gastroenteritis requiring hospitaliza- 
tion (156,178.193). “Small, round viruses” (SRVs) 20- 
30 nm in diameter have also been detected in stools of 
some pediatric patients with gastroenteritis, but their 
significance is not clear because definite evidence of 
infection was not obtained (5,6.16,26,27,156,167,171- 
174,178,188,216). One SRV associated with gastroen- 
teritis in infants and young children was shown by IEM 
to be antigenically related to the Sapporo agent 
(60,121). A recent analysis of SRVs observed over a 
Qyear period indicated that most were misclassified, 
since many could be categorized into known groups 
such as parvovirus-like and astrovirus (167). 

Although astroviruses, calicivirus-like particles, 
Otofuke agent, minireoviruses, and SRVs (other than 
Norwalk and related agents) have been detected in 
stools of patients with acute gastroenteritis, none of 
these viruses or virus-like particles appears to be an 
important cause of either sporadic ‘attic gastroen- 
teritis or epidemic gastroentetitis a& t cts both chil- 
dren and adults. Further studies areLneeded to place 
these agents in proper perspective as etiologic agents 

‘,, of acute gastroenteritis (l3,16,43.I00,106,l70). 
1 ,/’ The roles of rotaviruses and enteric adenoviruses as 
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etiologic agents of viral diarrhea are described in Chap- 
ters 49 and 61. 

Physicochemical Properties of Norwalk Viruses and 
Related Viruses 

With the exception of the less dense Snow Mountain 
virus, the buoyant density of the Norwalk group of 
viruses ranges from 1.36 to 1.41 g/cm’ as determined 
by the distribution of particles in a CsC$ gradient 
(Table 1) (7,10,28,34,104,146,147,203). The Norwalk 
virus retained infectivity for volunteers following ex- 
posure to pH 2.7 for 3 hr at room temperature, and 
both the Norwalk and “W” agents were stable follow- 
ing treatment with 20% ether at 4°C for 18 or 24 hr 
(34.49). In addition, the Norwalk virus retained infec- 
tivity for volunteers after it had been incubated at 60°C 
for 30 min (49). Norwalk virus is resistant to inacti- 
vation following treatment with 3.75-6.25 mg of chlo- 
rine per liter (free residual chlorine of 0.5-I .O mgfliter), 
a chlorine concentration consistent with that which 
might be present in a drinking water distribution sys- 
tem (117). However, Norwalk virus is inactivated fol- 
lowing treatment with 10 mg of chlorine per liter, a 
concentration that is used to treat a water supply sys- 
tem after contamination has been detected. It should 
be noted that Norwalk virus was more resistant to in- 
activation by chlorine than was poliovirus type 1, 
human rotavirus (Wa), simian rotavirus (SAI I), or t2 
bacteriophage ( 117). 

Norwalk virus and Norwalk soluble antigen have 
been purified from fecal specimens obtained from in- 
fected volunteers (76,79). When these purified mate- 
rials are immunoprecipitated by convalescent-phase 
serum antibodies and are then dissociated and exam 
ined by polyacrylamide gel electrophoresis, a single . 
virion-associated protein and a single soluble protein 
with estimated molecular weights of 59,000 and 30,000 
daltons, respectively, are resolved. In addition, one 
major structural protein with an estimated molecular 
weight of 62,000 has been identified in the virion of the 
Snow Mountain agent (147). The single virion-asso- 
ciated protein of the Norwalk and Snow Mountain vi- 
ruses suggests that these agents are related to the cal- 
iciviruses (201). 

Propagation and Assay in Ceil Culture 

Despite intensive efforts, none of the Norwalk group 
of viruses has been propagated in cell culture or in 
human embryonic intestinal organ culture (7,10,21,33, 
34,49,109). 
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Infection of Experimental Animals and Host Range 

Numerous attempts have been made to induce ill- 
ness in experimental animals. The Norwalk virus failed 
to induce illness following introduction into the ali- 
mentary tract of mice, guinea pigs. rabbits, kittens, 
calves, chimpanzees, baboons, rhesus monkeys, mar- 
mosets, owl monkeys, patas monkeys, or cebus mon- 
keys (21,49,50,81,213,214; R.G. Wyatt et al.. unpuh- 
lished stu&s). However, chimpanzees inoculated 
with Norwalk virus developed a seroresponse as de- 
tected by IEM and RIA (81,213). In addition, inocu- 
lated chimpanzees shed soluble Norwalk antigen, 
which was detectable by RIA (81). 

PATHOGENESIS AND PATHOLOGY 

Biopsies of the jejunum of volunteers who developed 
gastrointestinal illness following challenge with the 
Norwalk or Hawaii agent exhibited histopathological 
lesions (2,S1,186,187). When viewed by light micros- 
copy, there was broadening and blunting of the villi of 
the proximal small intestine, although the mucosa itself 
was histologically intact (Fig. 2). Infiltration with 
mononuclear cells and cytoplasmic vacuolization were 
also observed. When viewed by transmission EM, the 
epithelial cells were intact but there was shortening of 
the microvilli. Biopsies obtained during the convales- 
cent phase of illness were normal. Neither virus was 
detected by EM in epithelial cells of the mucosa. It is 
of interest that the characteristic jejunal lesion has also 
been observed in volunteers who were fed Norwalk or 
Hawaii virus but who did not become ill (155,186,187). 
Histologic lesions were not observed in the gastric fun- 
dus, antrum, or rectal mucosa of volunteers with Nor- 
walk virus-induced ihness (207). 

A transient malabsorption of fat, n-xylose, and lac- 
tose was observed during experimentally induced Nor- 
walk virus ilhtess (21,186). Levels of small intestinal 
brush-border enzymes (trehelase and alkaline phos- 
phatase) were significantly decreased when compared 
to baseline and convaIescent-phase values, whereas 
adenylate cyclase activity in the jejunum was not ele- 
vated following Norwalk or Hawaii virus-induced ill- 
ness (2,136). In addition, interferon was not detected 
in serum, jejunal aspirates, and jejunal biopsies of Nor- 
walk or Hawaii virus-infected volunteers (48). Gastric 
secretion of hydrochloric acid, pepsin, and intrinsic 
factor did not appear to be altered during Norwalk 
virus illness (155). 

Marked delay in gastric emptying was observed in 
infected volunteers who became ill or who were 
asymptomatic but developed the typical jejunal mu- 
cosal lesion (155). It has been proposed that abnormal 

FIG. 2. A: Normal-appearing jejunal tissue from biopsy 
of a volunteer prior to challenge with Norwalk agent. 
H&E, X90. B: Broadened and flattened villi in jejunal bf: 
opsy tissue from same volunteer during illness with Nor: 
walk-induced gastroenteritis. H&E. X90. (From ref. 2 with 
permission.) ,d 

i’ / i i 
;“&j 

gastric motor function is responsible for the nausea an&! 
vomiting associated with these viral agents (155). ,i 

z , 

EPIDEMIOLOGY 
.::i; 

5 ’ 

Prevalence and Incidence 

Following the development of an immune adhere&’ f 1 .t 
hemagglutination assay (IAHA) and a RIA for de&&.‘1 
tion of antibodies to the Norwalk virus, it became prac~ ,*F 
tical to perform seroepidemiologic surveys for the %“h 
prevalence of these antibodies (81,105). The preva- ‘f 
lence of Norwalk virus antibodies measured by IAHA ‘i 
was compared with that of rotavirus antibodies in is ‘f$ 
fants, children, and adults (Fig. 3) (105). The pattern ,“s 
of acquisition of antibodies in various groups in the 
United States differed for these two viruses. Norwalk 
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FIG. 3. Prevalence of antibody to Norwalk agent and rotavirus by IAHA in three groups. (From 
ref. 105 with permission.) 

> 
__.I antibodies were acquired gradually in childhood, and 

acquisition accelerated during the adult years so that 
50% of individuals had such antibodies by the fifth dec- 
ade. In contrast, antibodies to rotavirus were acquired 
rapidly during infancy and early childhood so that 
>90% of individuals had such antibodies by the 36th 
month of age. This pattern of acquisition of Norwalk 
virus antibodies is similar to that described for hepa- 
titis A and certain rhinovirus serotypes (89,197,198). 
The paucity of antibodies to the Norwalk virus in in- 
fants and young children in the United States suggested 
that this virus was not an important cause of infantile 
diarrhea. Later studies confirmed this observation 
(22,105,124,175,195). 

The prevalence of Norwalk virus antibodies in var- 
ious groups of adults from different parts of the world 
(including the United States, Ecuador, Belgium, 
Switzerland, Yugoslavia, Bangladesh, and Nepal) was 
studied by the RIA blocking (RIA-BL) technique (77). 
The widespread distribution of Norwalk virus in both 
developed and developing countries was apparent 
from these studies, because a majority of adults in each 
country possessed these antibodies. It was of interest 
that none of the adults sampled in a highly isolated 
Ecuadorian Indian tribe in Gabaro possessed serum 

--\ 
> 

antibodies to Norwalk virus. This was in sharp contrast 
to three other, less isolated Ecuadorian villages in 

.._.I which 90% of adults had Norwalk virus antibodies. 

Male and female homosexuals in the United States had 
a prevalence of Norwalk antibody comparable to other 
adults. 

The prevalence of antibodies to the‘Norwalk virus 
in pediatric populations from various parts of the world 
was also studied by an RIA-BL assay (17,44,58,77, 
180). In this age group, antibodies to Norwalk virus 
were acquired more rapidly in developing countries 
such as Ecuador, Bangladesh, Thailand, the Philli- 
pines, and Panama than in the UnitedStates, Taiwan, 
or Yugoslavia. For example, in two Matlab villages in 
Bangladesh, 43% of infants and children i-49 months 
of age possessed Norwalk virus serum antibodies. The 
prevalence of antibodies was only 7% in the 2- to 7- 
month-old age group but increased to lOQ% in 4-year- 
old children (I 7). 

Specific incidence data for illness associated with 
the Norwalk virus or related agents are not available 
in the United States. However, the importance of the 
Norwalk virus group is suggested from data on the 
incidence of enteric illnesses in family studies, which 
indicate that, on the average, each family member ex- 
periences more than one such illness per year (46,159). 
Because the Norwalk virus and related agents are a 
major cause of epidemic gastroenteritis, it is likely that 
a significant proportion of such illnesses is associated 
with these viruses. 

In a longitudinal study of infectious diseases and nu- 
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trition in rural Bangladesh, diarrhea was the major 
cause of morbidity among children less than 5 years 
of age (17). The incidence was over five episodes per 
child per year. In this population, the annual incidence 
of a significant increase in antibodies to Norwalk virus 
(measured by RIA) was 29 per 100 children, with a 
peak incidence in the December to March cool, dry 
period. Thirty (24%) of 127 children experienced a sin- 
gle seroresponse, whereas three had two serorespon- 
ses during the year. Children who lacked detectable 
Norwalk virus antibodies in their serum at the start of 
the study developed a seroresponse significantly more 
often than those who had preexisting antibodies. The 
age-specific incidence of serologic responses was low 
in infants and then rose in the 14- to lP-month age 
group and remained high through the third year of life. 

This longitudinal study also provided the first evi- 
dence that Norwalk virus infection may cause diarrhea 
in infants and young children. A comparison of the 
incidence of diarrhea not associated with other path- 
ogens during periods when a significant seroresponse 
to Norwalk virus did or did not occur revealed that 
children who had a seroresponse experienced an ex- 
cess incidence of 0.3 diarrhea1 episodes per 100 days. 
Thus, l-2% of the diarrhea1 episodes in these children 
(who averaged 5.6 episodes per year) were estimated 
to be due to Norwalk virus. However, it should be 
noted that Norwalk virus infection is not usually as- 
sociated with dehydrating diarrhea] illness in Bangla- 
desh. Only one of 31 children under IO years of age 
who were treated for dehydrating diarrhea in a hospital 
and who did not have rotavirus, enterotoxigenic Esch- 
erichia coli. Salmonella, Shigella, or Vibrio cholerae 
in their stools had a seroresponse to Norwalk virus 
(17). This is consistent with observations made at the 
Children’s Hospital National Medical Center, Wash- 
ington, D.C. ; none of 51 rotavirus-negative patients 
admitted to the hospital with diarrhea developed a ser- 
oresponse to Norwalk virus (105). Over the 8 years of 
this study, particles that were Norwalk virus-Sike in 
morphology were detected in stools of only 1.6% of 
1,537 patients hospitalized with gastroenteritis (22). In 
a a-year cross-sectional study of pediatric patients 
hospitalized with gastroenteritis in Japan, caliciviruses 
or SRVs were detected by EM in only 0.9% of 1,910 
patients (124). Also, in a prospective family study in 
Texas, none of 28 infants and young children studied 
from birth to 2 years of age developed serologic (RIA- 
BL) evidence of Norwalk virus infection (176). 

A seroepidemiologic study of children under 5 years 
of age from two Panamanian San Blas Islands indicated 
that the prevalence of Norwalk virus antibodies in- 
creased rapidly with age, and the frequency of a ser- 
oresponse was 35% over a P-month interval (180,189). 
Infection was detected most often during the second 
and third years of life. In addition, children who had 

a seroresponse to Norwalk virus experienced a sig- 
nificantly greater number of diarrhea] episodes than 
those who failed to develop such a response. This sug- 
gested that the Norwalk virus was associated with mild 
gastroenteritis in this pediatric group, which had an 
incidence of diarrhea1 disease of 32 per 100 children 
per year. 

In a longitudinal study of infants and children in 
three northern North American communities, the in- 
cidence of Norwalk infection was highest among the 
neonates in the only community that had a relatively 
unsafe water supply (0.15 infections per child per year) 
(88). There was a suggestion that some of these infec- 
tions were associated with an episode of gastroenter- 
itis. 

Epidemic Pattern of Infecdon 

The Norwalk group of viruses are major causes of 
outbreaks of nonbacterial gastroenteritis outbreaks 
that occur in communities, schools, institutions, 
camps, and families and that primarily affect adults and 
school-age children. As noted previously, members 
and probable members of this group were detected ini- 
tially in specimens derived from gastroenteritis oui- 
breaks in schools (Norwalk, Ditchling, W, and Par- 
ramatta), families [Hawaii and Montgomery County 
(MC)], a resort camp (Snow Mountainj, a hospital 
(Taunton), and dining places (cockle). Each of these 
outbreaks occurred in the fall or spring season. How- 
ever, more recent studies of other Norwalk virus out- 
breaks in the United States indicate a year-round oc- 
currence (78,111). 

The setting of the outbreaks in which the Norwalk 
yirus and related agents were detected provides infor- 
mation bearing upon the natural history of these agents 
i,n the community. These viruses have been a promi- 
nent cause of acute nonbacterial gastroenteritis. For 
example, the Norwalk virus was derived from a spec- 
imen from a secondary case from an outbreak of gas- 
iroenteritis in an elementary school in Norwalk, Ohio 
which was studied extensively by the CDC (1). On 
October 30 and 3 1, 1968, acute gastrointestinal illness 
developed in 50% of 232 students and teachers in an 
elementary school. The majority of illnesses occurred 
between noon on October 30 and noon on October 31. 
Symptoms lasted 12-24 hr in the majority of cases and 
seldom longer than 24 hr. The secondary attack rate 
among family contacts of primary cases was 32%; 
these occurred mostly on November I-3, with an av- 
erage incubation period of 48 hr. The W agent was 
derived from a specimen from an outbreak of gastroen- 
teritis in a boys’ boarding school in England which 
affected approximately one-fourth of the students in 



NORWALK GROUP OF VIRUSES / 681 

residence between March 14 and March 22, I%3 (34). 
During the outbreak, only one teacher and one member 
of the kitchen staff were affected. The attack rate was 
higher in the younger boys than in the older boys. The 
Ditchling agent, which is antigenically related to the 
W agent, was associated with an outbreak of gastroen- 
teritis in a primary school in Ditchling, England (7). 
Twenty-four percent of 138 individuals were affected 
between October 3 and October 7, 1975. The Pa.rra- 
matta agent was detected in specimens from a primary 
school outbreak in Sydney, Australia in which 54% of 
381 children and nine of 18 teachers were affected over 
a l-month period, July 18 to August 18, 1977 (33). 

Infection can also be introduced into the family by 
an adult, as illustrated by the Hawaii and MC viruses. 
These viruses were derived from specimens collected 
during family outbreaks of gastroenteritis (203). The 
Hawaii family outbreak occurred over a Cday period 
and involved first the mother, then a 2iyear-old child, 
then the father, and finally a student who lived with 
the family. The MC family outbreak occurred over a 
7-day period, initially affecting the father, then a 4- 
year-old child, then the mother, and finally a 5-year- 
old child. 

Large-scale outbreaks of infection by viruses of the 
Norwalk group have also been associated with con- 
tamination of shellfish. For example, the cockle agent 
was detected in specimens from two outbreaks of’gas- 
tioenteritis in England, which affected groups of in- 
dividuals 24-30 hr after consumption of cockles be- 
tween December 21, 1977 and January 10, 1978 (10). 
Also, a large gastroenteritis outbreak, which involved 
more than 2,000 persons who ate raw oysters during 
the winter months of June and July 1978 in Australia, 
was associated with Norwalk virus by demonstration 
of serologic response (83,84). In other instances, con- 
lamination of bakery products or salad has been im- 
plicated in large-scale common-source outbreaks of 
No&& virus gastroenteritis (126,138). 

Other forms of common-source contamination also 
play a role in outbreaks of disease. The Snow Moun- 
tain, agent was derived from a gastroeateritis outbreak 
that affected 55% of 760 persons at a resort camp in 
Colorado during December 1976 (160). A contaminated 
water supply was suspected as the source of the out- 
break. The secondary attack rate in household con- 
tacts of ill individuals was 11% of 772. This virus was 
also implicated as the cause of several additional out- 
breaks of gastroenteritis (25.85). Common-source out- 
breaks of Norwalk virus disease have also been as- 
sociated with contamination of the water supply of 
cruise ships (87). 

Finally, outbreaks can occur in a hospital. For ex- 
ample, the Taunton virus was detected in specimens 
from an outbreak of gastroenteritis in patients and staff 

of a hospital in England (28,29). The agent was de- 
tected in the feces of nine of 19 (47%) affected patients. 

The Importance of Norwalk Virus in Outbreaks of 
Epidemic Gastroenteritis 

The development of an RIA-BL test for detection of 
Norwalk antibodies made it possible to define the role 
of this virus in outbreaks of nonbacterial gastrocnter- 
itis (14,15,30,68,78,81,82,86,87,111,112,114,115,125, 
135,138,161,200,209). Until the development of this 
assay, the importance of the Norwalk virus could not 
be evaluated fully because the only method available 
for detection of Norwalk antibodies was IEM, a spe- 
cialized, time-consuming technique that requires rela- 
tively large amounts of antigen and thus could not be 
used for large-scale epidemiological surveys despite its 
sensitivity and specificity (108). 

Twenty-four (34%) of 70 gastroenteritis outbreaks 
were associated serologically with Norwalk virus in- 
fection (78). Most of these outbreaks had been studied 
previously for pathogenic bacterial agents, and none 
were found. Characteristics of the outbreaks are 
shown in Table 3. It was surprising that such a high 
proportion of outbreaks could be associated with a sin- 
gle member of this group of agents. A review of 74 
gastroenteritis outbreaks investigated by the CDC 
from 1976 to 1980, including most of the 70 studied 
above and a few more, confirmed the importance of 
this virus (111). In this survey, Norwalk virus was as-. 
sociated with 42% of the outbreaks studied. In addi- 
tion, the Norwalk virus or a related virus was provi- 
sionally associated with another 23% of the outbreaks, 
while the remainder were considered definitely unre- 
lated to Norwalk virus. 

The relative importance of the Norwalk virus group 
in all outbreaks of acute gastroenteritis regardless of 
etiology was estimated by reviewing the records of 642 
unselected outbreaks reported to the CDC from 1975 
to 1981 (1 IO). Suficient data were available from 558 
of the outbreaks to suggest their etiology based on clin- 
ical and epidemiologic characteristics. Fifty-four 
(9.7%) of the unselected outbreaks resembled out- 
breaks previously linked to Norwalk virus by labora- 
tory study. These included 23% of 96 water-borne out- 
breaks, 4% of 430 food-borne outbreaks, six of nine 
nursing home outbreaks, three of live summer camp 
outbreaks, and live of 18 cruise ship outbreaks. Four- 
teen of the 54 outbreaks that met the clinical and ep- 
idemiological criteria for a Norwalk-like pattern were 
investigated serologically for evidence of Norwalk 
virus infection. Seven (50%) were associated serolog- 
ically with Norwalk virus infection (i.e., at least 50% 
of the paired sera tested showed a fourfold or greater 
rise in serum antibody). In addition, in three other out- 
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TABLE 3. fpfdemlofoglc characteristics of 24 Norwalk virus-associated gastroenterffis outbreaks” 
Location or source of 

outbreak 
Recreational camps 
Cruise ships 
Contaminated drinking or 

swimming water 
Community or family 

School (elementary or 
college) 

Nursing homes 
Shell food 
Other 

Number of 
outbreaks 

3 

2 

: 

Month of occurrence 

March, June, August, November 
January, April 
May, July ( x 2). October 

February, June, August, 
December 

May, October, November 

November, April 
June (Australia) 
Auaust? 

Age ranoe of affected individuals 
Children (4-15 years) and adults 
Adults 
Children (>4 years) and young 

adults 
Children and adults 

Children and young adults 

Elderly adultS 
All ages 
Adults 

e From ref. 106 (modified from ref. 78). Clinical characteristics consisted of mild to moderate nausea, vomiting, or 
diarrhea, or a combination thereof. 

breaks, at least one affected individual developed a 
significant antibody rise in response to the Norwalk 
virus antigen, suggesting a role in the-outbreak for a 
Norwalk-like virus. 

The role of Norwalk virus infection in outbreaks of 
diarrhea1 illness in families was evaluated during a I- 
year prospective study of 28 families who were en- 
rolled at the time of birth of an infant (176). Fourteen 
of the families experienced one outbreak of diarrheal 
disease which could not be associated with a bacterial 
enteropathogen. Two of these outbreaks were asso- 
ciated serologically with Norwalk vitis infection. 
None of the 28 infants and young children in the study 
developed serologic evidence of Norwalk virus infec- 
lion. 

Traveler’s Diarrhea 

Norwalk virus does not appear to be an important 
cause of traveler’s diarrhea. Its estirnited.role in four 
studies ranged from 0% to 15% (57,59,116,179). 

Transmission 

Studies in volunteers have demonstrated that the 
Norwalk, Hawaii, MC, W, and Snow Mountain viruses 
infect and produce disease when administered by the 
oral route (34,49,50,136,160,194,212). In one study, a 
lo-‘.’ dilution (the highest dilution tested) of a stool 
containing Norwalk virus induced illness in volunteers 
(R. Olin, unpublished studies). Transmission via the 
respiratory route appears unlikely for this group of 
agents, although it has been suggested as a possible 
route in a large gastroenteritis outbreak in a hospital 
(184). Nasopharyngeal washings from a volunteer with 
experimentally induced Norwalk gastroenteritis did 
not induce illness in three other volunteers (49). It is 

of interest that Norwalk virus was detected by IEM in 
vomitus obtained from infected volunteers (80). 

The explosive nature of some Norwalk virus but- 
breaks in which a large number of persons become ill 
within 24-48 hr suggests that infection is often ac- 
quired from a common source. Indeed, this was sug- 
gested in the original Norwalk virus outbreak, but a 
common-source exposure could not be identified (I). 
Later, a review of 38 Norwalk virus-associated out- 
breaks suggested that a common source of infection 
was likely in 31 (82%) (Ill). The vehicle of transmis- 
sion could be identified in I7 of the 31 outbreaks, ,in- 
eluding water in I3 instances and food in four others. 
Water-borne infection was attributed to a municipal 
water system (2), semipublic water supply (7), stored 
water on a cruise ship (2), and recreational swimming 
(2). The food-borne outbreaks were associated with the 
ingestion of oysters or salad. A large outbreak of gas- 
troenteritis in M innesota was traced to contamination 
of cake frosting by Norwalk virus (IOOj. Primary. per- 
son-to-person transmission occurred in seven of the 38 
outbreaks (I 11). Sufficient data were available from 26 
of the outbreaks to permit estimation of secondary at-. 
tack rates (1 I 1). In 20 of 23 common-source outbreaks 
and in each of three person-to-person outbreaks, sec- 
ondary transmission was observed, with attack rateti 
ranging from 4% to 32%. In a large outbreak in which 
age data were available, the secondary attack rate was 
highest in children under 10 years of age. The median 
duration of the 38 outbreaks was 7 days (ranging from 
1 day to 3 months). The number of individuals who 
became ill ranged from 2 to 2,000, with the attack rate 
being higher in common-source outbreaks (median 
60%, range 23-93%) than in primary person-to-person 
outbreaks (median 39%, range 31-42%). 

In the Colorado outbreak caused by the Snow Moun- 
tain agent, 61% of the 418 illnesses began on a single 
day (53,160). A water-borne agent was suggested as 
the etiologic agent, since the attack rate was correlated 

I 



with the amount of water or ice-containing beverages 
consumed. In addition, the water supply was inade- 
quately chlorinated and was contaminated by a leaking 
septic tank. 

incubation Period 

In volunteer studies with the Norwalk virus, the in- 
cubation period ranged from 10 to 51 hr, with a mean 
of 24 hr (21,49,SO,194,212). Illness usually lasted less 
than 24-48 hr. The incubation period was also 
recorded in 22 naturally occurring outbreaks of Nor- 
walk virus gastroenteritis (111). The mean (and me- 
dian) incubation period was between 24 and 48 hr in 
20 of the outbreaks, and the range was from 4 to 77 
hr. During experimental infection of volunteers, virus 
shedding as detected by IEM coincided with the onset 
of illness and usually did not extend more than 72 hr 
after the first symptoms (202). The incubation period 
ofexperimentally induced Snow Mountain virus illness 
ranged from 19 to 41 hr, with a mean of 27 hr (53). 

Geographic Distribution 

The available information concerning antibody prev- 
alence and laboratory-identified outbreaks suggests 
that the Norwalk virus has a world-wide distribution. 
Norwalk virus antibodies have been detected in the 
serum of residents of the United States, Ecuador, Bel- 
gium, Switzerland, Yugoslavia, Bangladesh, Nepal, 
Taiwan, Phillippines, Indonesia, Japan, Australia, 
Panama, and Thailand (17,44,58,77-79,81,83,105,113, 
180). Only the very isolated Gabaro Indians in Ecuador 
lacked detectable antibodies (77,113). Outbreaks of 
Norwalk virus gastroenteritis have no? been docu- 
mented in 16 states in the United States (I’ll). 

Temporal Distribution 

Outbreaks of Norwalk virus gastroenteritis occur 
throughout the .year in the United States (78,111). 
Analysis of 34 Norwalk outbreaks revealed that 11 
(32%) occurred in the spring (March, April, May), 10 
(29%) in the summer (June, July, August), 7 (21%) in 
the fall (September, October, November), and 6 (18%) 
in the winter (December, January, February) (111). 
This distribution was surprising because prior to this 
analysis, it was thought that Norwalk virus outbreaks 
occurred predominantly in the cooler months of the 
year. It is of interest that during a l-year prospective 
study in Bangladesh, seroresponse to Norwalk virus 
was most frequent in the cool, dry periods of the year 
(17). 
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1MMuNITY 

Immunity to Norwalk virus is poorly understood and 
does not resemble the pattern of most other viruses. 
Adults consistently demonstrate a high degree of sus- 
ceptibility to both naturally occurring and experimen- 
tally induced Norwalk illness. In some outbreaks, 
more than 80% of adults became ill (111). In addition, 
approximately SO% of unselected adult volunteers con- 
sistently develop illness following challenge with Nor- 
walk virus (2 1,49,194,212). This level of susceptibility 
cannot be attributed to lack of previous exposure to 
the agent. 

Because serum or intestinal secretory neutralizing 
antibodies cannot be measured in tissue culture, most 
of our information on immunity comes from volunteer 
studies. These studies have established that there are 
two forms of resistance to Norwalk virus: one is short- 
term and the other is long-term (49,169,212). Short- 
term immunity, which follows the traditional pattern, 
is serotype-specific; thus, volunteers who become ill 
following Norwalk virus challenge are usually resistant 
to rechallenge with this agent 6-14 weeks later, How- 
ever, challenge of such volunteers with the heterotypic 
Hawaii virus induces illness. Similarly, volunteers who 
recently became ill following infection with Hawaii 
virus are susceptible to challenge with the Norwalk 
virus. 

, 

Long-term immunity, however, deviates from the 
traditional pattern. Twelve volunteers who were chal- 
lenged with the Norwalk virus on two occasions, 27- 
42 months apart, exhibited one of two different pat- 
terns to sequential challenge (169). Six volunteers de- 
veloped gastrointestinal illness following the initial 
challenge, and they developed it again following re- 
challenge 27-42 months later. In contrast, six other 
individuals failed to become ill following the initial 
challenge and were also resistant after rechallenge 3 l- 
34 months later. Serological studies in which prechal- 
lenge serum antibodies to Norwalk virus were mea- 
sured by IEM and RlA failed to provide an explanation 
for the difference in susceptibility (45,79,169). Para- 
doxically, volunteers who did not become ill had little, 
if any, antibody to Norwalk virus measurable by IEM 
in either prechallenge serum specimen (169). Also, 
they failed to develop a significant seroresponse fol- 
lowing each challenge. However, volunteers who be- 
came ill following each challenge developed a sero- 
response after each challenge. 

Additional evidence for nonimmunological factors in 
resistance was obtained when prechallenge serum and 
local jejunal antibody levels were determined in 23 ad- 
ditional volunteers who were challenged with Norwalk 
ViNS (79). The geometric mean Norwalk antibody titer 
(by RIA-BL) in serum or jejunal fluid did not correlate 
with resistance to iilness. However, paradoxically, in- 

. ---- --.__-_.--__. __-. 
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dividuals who developed illness had a mean prechal- 
lenge jejunal fluid antibody titer which was signifi- 
cantly higher than that of volunteers who did not 
become ill. They also tended to have serum antibody 
titer which was higher than that of volunteers who did 
not develop illness, 

Several explanations for these observations have 
been proposed (18,19,43,169). One explanation pro- 
poses a genetically determined variation in virus re- 
ceptors in the intestinal tract, which may influence sus- 
ceptibility (14,19,43,169). Clustering of susceptibility 
to Norwalk virus illness in families exposed to con- 
taminated water suggests that genetic susceptibility 
operates under natural as well as experimental con- 
ditions (125). Another explanation proposes that sev- 
eral infections may be necessary to induce the eventual 
immunity, antibody response, or even the suscepti- 
bility that is exhibited by -50% of adults (18,19,43). 
This hypothesis is consistent with the natural history 
of Norwalk virus illness in the United States because 
neither infection nor illness is common in infancy and 
early childhood (22,105). In addition, antibody is ac- 
quired gradually with increasing age (105). However, 
this explanation is not consistent with antibody ac- 
quisition patterns in a developing country such as 
Bangladesh or Panama (17,180). In addition, in con- 
trast to the data from the volunteer study, in these 
developing countries the presence of serum antibodies 
to the Norwalk virus correlates with resistance to Nor- 
walk virus infection (17,180). 

CLINICAL FEATURES 

Clinical manifestations observed in 38 outbreaks as- 
sociated with Norwalk virus included the following 
(expressed as the median percentage of patients): nau- 
sea (790/o), vomiting (6%), diarrhea (66%), abdominal 
cramps (30%), headache (22%), fever [subjective] 
(37%), chills (32%), myalgias (26%), and sore throat 
(18%) (11 I). Bloody stools were not reported. Of in- 
terest, vomiting occurred more frequently than diar- 
rhea in children, whereas in adults the reverse was 
observed. The duration of illness in 28 outbreaks 
ranged from 2 hr to several days, with a mean or me- 
dian of between 12 and 60 hr in 26 of the 28 outbreaks. 
In six outbreaks, illness lasted more than 3 days in up 
to 15% of the affected individuals. The attack rates did 
not differ significantly with age or sex in six outbreaks 
where this was studied (11 I). Usually, naturally oc- 
curring Norwalk illnesses are mild. However, a few 
exceptions have been noted: Three middle-aged per- 
sons were hospitalized for severe dehydration in two 
outbreaks; two elderly debilitated patients died on the 
third and seventh days after onset of gastroenteritis 

(diffuse atherosclerosis was considered the cause of 
death); and three patients in a nursing home outbreak 
required intravenous fluids but were not hospitalized 
(111). 

The spectrum of clinical manifestations observed in 
two volunteers who developed illness following Nor- 
walk virus challenge is shown in Fig. 4 (50). Although 
both individuals received the same inoculum, one vol- 
unteer developed an illness characterized by vomiting 
without diarrhea, whereas the other had diarrhea with- 
out vomiting. Clinical manifestations observed in 31 
experimentally infected volunteers who became ill in- 
cluded the following: fever >99.4”F (45%), diarrhea 
(81%). vomiting (65%), abdominal discomfort (68%), 
anorexia (%), headache (8l%), and myalgias (58%) 
(212). The illnesses were characteristically mild and 
usually lasted 24-48 hrf however, one volunteer was 
given parenteral fluid because he vomited 20 times 
within a 24-hr period. In another study with Norwalk 
virus in which 34 volunreers became ill, each volunteer 
had nausea, 91% vomited, and 56% developed diarrhea 
(194). Blood, mucus, and leukocytes are not charac- 
teristically present in stools (21,47). Fourteen of 16 
volunteers who developed illness following Norwalk 
or Hawaii virus infection developed transient Iympho- 
penia which affected T-, B-, and null-cell lymphocyte 
subpopulations (52). This was attributed to a redistri- 
bution of circulating lymphocytes to the site of viral 
infection in the small intestine. The lymphocytes re- 
maining in the circulation responded normally or ex- 
hibited an exaggerated response to mitogenic stimuli. 

Illnesses induced by the Hawaii, MC, W, and Snow- 
mountain agents in volunteers cannot be distinguished 
clinically from those caused by the Norwalk virus 
(34.53,212). Subclinical infections with Norwalk virus 
have been documented under experimental and natural 
conditions (111,194). For example, in one study, eight 
of 25 (32%) volunteers challenged with Norwalk virus 
underwent a silent infection (194). It should be noted 
that the characteristic jejunal lesion may develop dur- 
ing asymptomatic infection with Norwalk or Hawaii 
virus (155,186,187). 

DIAGNOSIS 

Differentiation of illness caused by Norwalk virus 
from that caused by other viruses of this group cannot 
be made on clinical grounds. However, a provisional 
diagnosis of infection by a member of this group can 
be made in an outbreak situation if the the following 
criteria are met: (a) bacterial or parasitic pathogens are 
not detected; (b) vomiting occurs in more than 50% of 
the cases; (c) the mean or median duration of illness 
ranges from 12 to 60 hr; and (d) there is an incubation 
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loe[ A. Volunteer I 1 8. Volunteer 2 

period of 24-48 hr (87). The illnesses of 81- 100% of 
affected individuals in 38 Norwalk virus outbreaks met 
these four criteria (t 10). 

A specific diagnosis of infection with any of the 
agents still remains essentially a research project be- 
cause none of the viruses can be grown in tissue culture 
nor can they induce illness in a laboratory animal. Al- 
though EM was used ‘exclusively for the diagnosis of 
infection with the Norwalk virus group in early studies, 
RIAs or enzyme immlinoassays are now being used in 
most investigations for detection of infection with the 
Norwalk, Snow Mountain, and Hawaii viruses 
(25,81,105,148,205). 

EM . . 

None of the Norwalk. group of viruses has a dis- 
tinctive enough morphologic appearance to enable 
identification by EM (9,23,67,102,109,178). Direct ex- 
amination of stool mater@ without concentration is of 
lim ited value in screening for these 27-nm particles be- 
cause they are usually present in low concentration. 
Furthermore, the significance of particles that are vis- 
ualized directly cannot be established without other 
tests because stools contain many small, round objects 
whose size is similar to that of viruses of this group. 
For this reason, putative NorwaIk virus and related 
agents must be identified by IEM. In the case of as- 
troviruses and caliciviruses, particles may be present 
in sufficient concentration to permit detection by direct 

..* EM. The characteristic morphology of these particles 
makes possible their identification by direct EM (MO). 

IEM 

FIG. 4. Response of two volunteers to 
oral administration of stool filtrate de- 
rived from volunteer who received 
original Norwalk rectal swab speci- 
men. The height of the curve is directly 
proportional to the severity of the sign 
or symptom. Volunteer 1 had severe 
vomiting without diarrhea, whereas 
volunteer 2 had diarrhea without vom- 
iting, although both received the same 
inoculum. (From ref. 50 with permis- 
sion.) 

I_ 

.  .  

IEM remains a mainstay for the detection and iden- 
tification of 27-nm gastroenteritis agents in stools 
(102,iO3,108,109,178). A stool suspension that fails to 
yield a recognizable viral agent (e.g., rotavirus) by di- 
rect EM should be examined futher by IEM. The pa- 
tient’s stool suspension is incubated for 1 hr with his 
or her convalescent serum (1:5) or with immune human 
serum globulin (1:5) if convalescent serum is not avail- 
able. The m ixture is then centrifuged at 35,000 g for 90 
m in, after which the pellet is resuspended and nega- 
tively stained with phosphotungstic acid (PTA). An- 
tibody directed against a particle in the stool can be 
visualized readily on the surface as a “fuzzy” coating. 
In addition, under certain conditions, the antibody may 
cause aggregation, which further facilitates recogni- 
tion. However, the detection of :convalescent-phase 
serum antibodies on the particle does not necessarily 
constitute serologic evidence of recent infection. 
Therefore, it must be determined whether the patient 
developed a serologic response to the particle by re- 
peating the above procedures, under code, with paired 
acute and convalescent set-a. An example of a sero- 
response to the Norwalk virus is shown in Fig. 5. In 
this illustration, it is clear that there is more antibody 
on the particles incubated with convalescent serum 
(Fig. 5B and C) than on those incubated with the pre- 
illness serum (Fig. 5A). This patient was considered 
to have developed a seroresponse to the Norwalk 
virus. A 1 + difference in antibody on a I+ to 4+ 
rating scale is considered a significant rise in antibody 
ww. 
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FIG. 5. A: An aggregate observed after incubation of 0.8 ml of Norwalk (8Flla) stool filtrate with 
0.2 ml of a I:5 dilution of a volunteer’s prechallenge serum and further preparation for electron 
microscopy. This volunteer developed gastroenteritis following challenge with a second-passage 
Norwalk filtrate which had been heated for 30 min at 60°C (49). The quantity of antibody on the 
particles in this aggregate was rated l-2-2+, and this prechallenge serum was given an overall 
rating of l-2+, 8: A single particle and C: three single particles observed after incubating 0.8 
ml of the Norwalk (8Flla) stool filtrate with 0.2 ml of a I:5 dilution of the volunteer’s postchallenge 
convalescent serum and further preparation for EM. These particles are very heavily coated with 
antibody. The quantity of antibody on these particles was rated 4+, and the serum was also 
given an overall rating of 4+. The difference in the quantity of antibody coating the particles 
with the prechallenge and postchallenge sera of this volunteer is clearly evident. Bar = 100 nm 
and applies WA, B. and C. (From ref. 103 with permission.) 

The time of stool collection is critical to success in 
virus detection. For example, Norwalk virus was de- 
tected in the stools of 11 of 23 volunteers who devel- 
oped illness following challenge (202). Virus was de- 
tected in 26 of 54 specimens collected during the first 
72 hr after onset of illness and in two of 11 collected 
after this interval. In addition, 27-nm particles were 
detected in only five of 24 outbreaks associated ser- 
ologically with Norwalk virus (111). Furthermore, only 
36 of 106 samples from these five outbreaks were Nor- 
walk-virus-positive by IEM. It should be noted that 
the detection of a virus-like particle in stool of patients 
with gastroenteritis, along with the demonstration of 
an antibody response to the particle, does not establish 
an etiologic association; however, this is a necessary 
first step to be followed by appropriate epidemiological 
studies (97,100). 

Norwalk virus particles can be identilied if the ap- 
propriate paired reference sera are available. The IEM 
technique may also be employed to detect serore- 

(. 

sponses in paired sera to a specific ‘antigen as noted 
above. The reader is referred to reviews of the IEM 
techniques (102,103,109,119). Variations on the IEM 
technique may facilitate visualization of particles such 
as reacting the virus-antibody complex on a solid 
phase (immunosorbent EM) or using electron-dense 
markers such as colloidal gold (119,137). 

RIA and ELBA 

RIA, which detects both, particulate and soiuble 
Norwalk antigens, is more efficient and sensitive than 
IEM for detection of Norwalk antigen (20,79,81). How- 
ever, even with this technique, Norwalk antigen was 
detected in the stools of only 12 of 20 volunteers who 
developed illness following challenge with Norwalk 
virus (194). As shown in Fig. 6, the RIA is based on 
the differential binding of Norwalk virus antigen 
(present in feces) to microtiter wells coated with con- 
valescent-phase or preinfection serum (20,79,81). 
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An ELISA which is based on the same general prin- 
ciples as the RIA but which does not employ radio- 
actively labeled reagents has recently been developed 
for detection of the Norwalk virus (65,66,93,94,148). 
It is also more efficient and sensitive than IEM for 
detection of Norwalk antigen but is not as eflicient as 
serologic methods for detection of infection. An RIA 
and an ELlSA have also been developed for detection 
of the Snow Mountain agent, and an ELISA has been 
developed for detection of the Hawaii agent (148,205). 

The development of an RIA-BL test (and, more re- 
cently, an ELISA-BL test) for Norwalk virus antibody 
has made it possible to study a considerable number 
of gastroenteritis outbreaks (20,64,79,81,94). This 
method is based on the ability of a test serum to block 
the binding of the ‘- I-labeled immunoglobulin G  (IgG) 
fraction of a Norwalk volunteer’s convalescent-phase 
serum to Norwalk antigen which is attached to the pre- 
coat in the solid phase (Fig. 7) (81,109). The RIA-BL, 
ELISA-BL, and IEM techniques are comparable in 
efficiency for detection of a Norwalk virus serore- 
sponse (20,66,79,81,94). These serologic assays detect 
more Norwalk virus infections than do methods that 
rely on identification of virus particles or antigen in 
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stool. The RIA and ELISA are more practical than 
IEM because they are less t ime-consuming, require 
less antigen and antibody, and can be carried out rou- 
tinely. It should be noted that RIA-BL and ELISA- 
BL tests have been developed for the Snow Mountain 
agent and that an ELISA-BL test has been developed 
for the Hawaii agent (55,205). In addition, a mono- 
clonal antibody specific for the Snow Mountain agent 
was recently described (204). This antibody should 
prove useful in serodiagnosis and virus purification. 

IAHA 

IAHA can also be used for detection of Norwalk 
virus and its antibodies, but this technique is not ef- 
ficient for detection of virus or antigen in stool (105). 
Both IEM and RIA were slightly more efficient than 
IAHA for detecting a serologic response. This test has 
not been used routinely for Norwalk virus serologic 
studies because it requires a higher concentration of 
purified antigen than does RIA. 

, 

TREATMENT 

As noted earlier, the Norwalk group of viruses char- 
acteristically induce a mild, self-limited gastroenter- 
itis that normally resolves without complications 
(21,47,49,50,194,212). Oral fluid and electrolyte re- 
placement therapy with isotonic fluids is usually suf- 
ticient to replace fluid loss (47). However, parenteral 
administration of fluids may be necessary if severe 
vomiting or diarrhea occur. As noted earlier, hospi- 
talization for seve’re dehydration, although rare, can 
occur with Norwalk virus gastroenteritis. In addition, 
deaths from Norwalk virus gastroenteritis in debili- 
tated elderly. patients have been documented; how- 
ever, these fitalities were considered to be due, in 
large part, to other causes (111). 

Oral admini&tion of bismuth subsalicylate after 
onset of symptonis significantly reduced the severity 
and duration of abdominal cramps during experimen- 
tally induced Norwalk virus illness (194). In addition, 
the median duration of gastrointestinal symptoms was 
reduced from 20 to 14 hr. The number, weight, and 
water content of stools, as well as the extent of virus 
excretion, were not significantly affected by treatment. 

CONTROL AND PREVENTION 

Specific methods are not available for the prevention 
or control of Norwalk virus infection or illness. Be- 
cause this agent is highly infectious, effective hand- 
washing and disposal or disinfection of contaminated 
material may decrease transmission within a family or 
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institution. Special care must also be given to the hy- 
gienic processing of food in view of the frequent oc- 
currence of food-borne outbreaks of Norwalk virus 
disease. Measures that increase the .purity of drinking 
water or swimming pool water should also decrease 
the frequency of Norwalk virus outbreaks. 

It is premature to formulate a strategy for immuni- 
zation against Norwalk virus and its related viruses. 
First, the basis for long-term immunity is not under- 
stood. Second, these viruses hav&. not been success- 
fully grown in cell culture. However, if a safe and 
effective vaccine could be produced, it would 
undoubtedly reduce the incidence of epidemic viral 
gastroenteritis. In addition, it might reduce the number 
of episodes of gastroenteritis in children who live in 
developing countries. Although Norwalk gastroenter- 
itis tends to be a mild illness, a reduction in diarrheai 
episodes may be important in the debilitated, mal- 
nourished infant because it has been suggested that 
repeated diarrheal episodes may be a precipitating fac- 
tor in the development of malnutrition through damage 
to the intestinal mucosa (151). 
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Epidemiology of Norwalk Gastroenteritis and the Role of Norwalk Virus in 
Outbreaks of Acute Nonbacterial Gastroenteritis 

JONATHAN E. KAPLAN, M.D.; G. WILLIAM GARY, Dr. P.H.; ROY C. BARON, M.D.; NALINI SINGH, 
M.D.; LAWRENCE 8. SCHONBERGER. M.D.; ROGER FELDMAN, M.D.: and HARRY B. GREENBERG, 
M.D.; Atlanta, Georgia; and Bethesda, Maryland 

Outbreaks of Norwalk gastroenteritis. which may involve 
persons of all ages, occur during all seasons and in 
various locations. Waterborne, foodbome, and person-to- 
person modes of transmission have been described, and 
secondary person-to-person transmission is common. 
Outbreaks generally end in about 1 week; longer 
outbreaks occur only when new groups of susceptible 
persons are introduced, usually in the setting of a 
persistent common source of infection. The illness is 
generally mild and characterized by nausea, vomiting, 
diarrhea, and abdominal cramps. Vomiting is the 
predominant symptom among children, whereas diarrhea 
is commoner among adults. Forty-two percent of 74 
outbreaks of acute nonbacterial gastroenteritis 
investigated by the Centers for Disease Control from 
1976 to 1980 were attributed to the Norwalk virus. The 
rest resembled Norwalk outbreaks clinically and 
epidemiologically and were probably caused by 27-nm 
viral agents similar to the Norwalk virus. 

‘s - IGNIFICANT ADVANCES have occurred over the past 
decade in our understanding of the role of viruses in out- 
breaks of acute nonbacterial gastroenteritis. Although 
earlier studies had implicated an infectious agent as the 
cause of nonbacterial gastroenteritis (I-3). no virus was 
definitively associated with this condition until 1972. Us- 
ing immune electron microscopy, Kapikian and cowork- 
ers (4) observed increased aggregation of virus-like parti- 
cles with convalescent serum, when compared with acute 
serum, in the stools of volunteers who developed gastro- 
enteritis after oral challenge with a stool filtrate from an 
outbreak in Norwalk, Ohio, in 1968 (4). This association 
between particles and gastrointestinal illness was fol- 
lowed by the application of immune electron microscopy 
to serologic testing in other outbreaks. In 1978 the devel- 
opment of a radioimmunoassay blocking technique for 
Norwalk antibody provided a test that was both sensitive 
and specific for Norwalk inf-tion (5). Since that time, 
much has been learned about the role of Norwalk virus in 
sporadic illness and in outbreaks of acute nonbacterial 
gastroenteritis (6-18). It has also become apparent that 
viral particles structurally similar to, but antigenically 
distinct from, the Norwalk virus are capable of causing 
outbreaks of gastroenterities (19-2 1). In this review, we 
describe the Norwalk outbreaks that were reported 
through 1980 and assess the role of Norwalk virus in 
b From the Viral and Bacterial Di- Divisions, Center for lnfccuous Diseases. 

‘1 Centers for Dkcase Control. Public Health Service U.S. Department of Health 
and Human .Qwivicrr. Atlanta. Georgia; and the Narfonal Institute of Allergy and 
Inktious Di-, National lnstiruta of Health: Bethesda. Maryland. 
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outbreaks of acute nonbacterial gastroenteritis that have 
been investigated by the Centers for Disease Control 
(CDC) since 1976. 

Methods 
We reviewed the records of outbreaks of gastroenteritis that 

had been investigated for a viral cause of illness by the CDC 
from 1976 through 1980. All outbreaks of acUti nonbacterial 
gastroenteritis (acute onset of vomiting or diarrhea with stool 
cultures negative for bacterial pathogens) in which serologic 
tests for Norwalk virus were done on acute and convalescent 
serum specimens were included. (Serologic testing of most of 
these outbreaks was done at the National Institute of Allergy 
and Infectious Diseases, National Institutes of Health.) For 
each outbreak the following data were recorded: the date, loca- 
tion, and duration of the outbreak, the number of persons who 
became ill, the attack rate (including age-specific and sex-spe- 
cific information when available), the prevalence of symptoms 
among cases, the duration of illness, and reports of severe ill- 
nesses requiring hospitalization. An outbreak was attributed IO 
a common source of infection if a vehicle of transmission was 
incriminated by epidemiologic analysis or if the peak onset of 
illness occurred during the first 2 days of the outbreak. Primary 
person-to-person transmission was presumed when no vehicle 
of transmission could be found and when the peak onset of 
illness occurred after the second day of the outbreak; this was 
shown in some outbreaks by geographic clustering of cases. SK- 
ondary person-to-person transmission was evidenced in both 
types of outbreaks by the finding of illness in family members or 
roommates not exposed to the primary location of the outbreak. 

The incubation period was determined by measuring either 
the interval between exposure to a common source and onset of 
illness or the intervals between onsets of illness in primary and 
secondary cases. The results of serologic testing for antibody to 
the Norwalk agent by radioimmunoassay and results of stool 
testing for viral particles by immune electron microscopY or 
radioimmunoassay were recorded. . 

An outbreak of gastroenteritis was considered to be caused 
by the Norwalk virus if at least 50% of the serum pairs from 
cases had a fourfold or greater rise in Norwalk antibody titer 
between specimens from acute and &nvaIescent phases. Twcn- 
ty-eight outbreaks fulfilled this criterion. The geometric mean 
titers of acute and convalescent serum specimens from the 
outbreaks were I:1 17 and 1:986, respectively. In 20 outbreaks. 
fewer than 50% of the serum pairs showed a fourfold rise in 
antibody titer to the Norwalk agent. Three of these 20 were 
included in the Norwalk category because the geometric mean 
convalescent titers (1:919, 1:1514, and 1:3200) StronglY’ s”g- 
gested infection with Norwalk virus. The remaining 17 were 
classified as “possibly” due to Norwalk virus. Twenty-SIX out- 
breaks were designated as not caused by Norwalk virus. muse 
none of the serum pairs tested showed an antibody respons To 
characterize the experience to date with Norwalk outbreaks 
more comprehensively, seven additional outbreaks of Norwalr 
gastroenteritis confirmed through 1980 at the National Inst’- 
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Table 1. Thirty-eight Outbreaks of Gastroenteritis Caused by the Norwalk Virus 

~-tjon (Referencl) Setting Date Positive Total Serum Geometric Mean Geometric Mean 
Serum Pairs* Pairs from Cases Acute Titer Convalescent 

Titer 
. 

R 
5 Florida (6) 

Ohio (7) 
Maryiaudt (8) 
SCa 
Japan? 
North Carolina 
Sapant 
sea (9) 
Ohio 
Marylandt 
South Dakota 
Pennsylvania (10) 
Washington (11) 
Pennsylvania (10) 
Australia? ( 12) 
SC% 

z:w York 
Washington 
Georgia 
South Dakota 
Connecticut 
Michigan (13. 14) 
Pennsylvania 
North Carolina 
New Jersey 
Florida 
New Jersey (15) 
New Jersey 
Floridat ( 16) 
Califomiat 
Minnesota 
South Dakota 
Arizona 
Pennsylvania 
Georgia 
New York 
Florida 

College November 1967 
Elementary school October 1968 
Family June 1971 
Cruise ship September 1972 
Elementary school February 1976 
College November 1976 
Elementary school December 1976 
Cruise ship April 1977 
Swimming pool June 1977 
Family December 1977 
Nursing home April 1978 
Recreational area May 1978 
Elementary school May 1978 
Qmp June 1978 
Community June 1978 

3 
3 

1:158 
.._ 

;:-6-31 
1:251 
1:37 
1:zOO 
1:219 
1:2OO 

I:2512 
. . . 

;:;310 
1:3162 
1:135 
I:673 
I:2476 
1:8OO 

3 
l$ 
6 
7 

1 
6 
6 
4 
2 
7 
4 

4 
8 
7 
1 1:2OO 1:32OO 
7 1:978 1:4750 4 

3 5 
3 
3 

30 
6 
5 
2 
5 

11 
10 

5 
13 

4 
14 

6 

1:115 
1:4O 
1:4O 
1:187 
1:79 
1:152 
1:lOO 
1:33 
1:47 
1:66 
1:76 
1:469 
1:1345 
I:58 
1:45 
1:200 
1:233 
1:146 
1~528 
l-.76 
1:78 
1:162 
1:107 
1:4OO 
140 
1:6O6 
1:71 

1:303 
1:2OO 
1:4OO 
1:919 
1:356 
1:2111 
1:4OO 
I:919 
1:1056 
1:230 
1:4OO 
I:1514 

2 
3 

22 

College - March 1979 

Cruise ship January 1979 3 
Cruise shiu March 1979 5 

1 
5 

10 
5 
4 
6 

Day camp March 1979 
Elementary &ho01 
Restaurani 

April 1979 
April 1979 

Recreational area July 1979 
Recreational area July 1979 
Camp Jul; 1979 
Camp August 1979 
Nursing home October 1979 
Restaurant November 1979 
Restaurant December 1979 
Nursing home December 1979 
Family January 1980 
Recreational area January 1980 
Elementary school May 1980 
Elementary school May 1980 
College May 1980 
Restaurant July 1980 
Community August 1980 
QmP August 1980 
Nursidg home October 1980 

1:32CO 
I:882 13 

4 1:503 
1:32OO 
1:1270 
1:16OO 
I:3676 
I:985 
1:346 
1:696 

1 
9 6 

9 
5 
8 

11 
7 
8 
3 

12 
1 
1 

11 
5 

10 
14 
10 
10 

5 
19 

5 
2 

- 
1:696 
1:1393 
1:346 
li919 
1:2OO 

l Fourfdd or greater rise in antibody titer (radioimmunoassay) to the Norwalk agent bctwcen spccimcns from the acute and convalescent phases of illness. 
t lnvcstiaarcd tbrourh the National Institutes of Health. 
1 Sodo& lesls don< by immune dectron microscopy. 

tutes of Health but not ‘investigated by the CDC were included 
in the Norwalk category. 

water systems in two outbreaks, semipublic water sup- 
plies in seven, stored water on cruise ships in two, and 
recreational swimming in two outbreaks. Two foodbome 
outbreaks were associated with oysters, and two with sal- 
ad. Primary person-to-person transmission was believed 
to have occurred in seven outbreaks. Secondary person- 
to-person transmission (attack rates 4% to 32%) was 
,evidenced in 20 of the 23 common-source and in three of 
three person-to-person outbreaks for which sufficient in- 
formation was available. The secondary attack rate was 
highest among children less than 10 years of age in the 
single outbreak in which.such information was available 
(13). 

The median duration of the outbreaks was 7 days 
(range, 1 day to 3 months). Of the 24 common-source 
outbreaks for which information was available, 12 lasted 
5 to 9 days; the eight outbreaks of longer duration includ- 
ed seven in which successive weekly outbreaks occurred 
among newly introduced populations and one nationwide 
epidemic associated with eating raw oysters (12). The 
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Results 
ANALYSIS OF NORWALK OU,TBREAKS 

‘The 38 confined Norwalk outbreaks (including the 
’ seven not investigated by the CDC) are listed in Table 1. 

Ten of these outbreaks occurred in camps and recreation- 
al areas, seven in elementary schools, four on cruise 
ships, four in nursing homes, four in colleges or universi- 
ties, four in restaurants, three in small families, and two 
in larger communiti+ Outbreaks occurred in all months 
of the year. Three outbreaks occurred in other countries, 
four on cruise ships at sea, and the rest occurred in the 
United States. 

Evidence for a common source of infection was present 
in 31 of the 38 outbreaks. A vehicle of transmission was 
implicated in 17 of these-water in 13 outbreaks and 
food in four. The sources of the water included municipal 



Table 2. Prevalence of Symptoms in 38 Norwalk Outbreaks 

Symptom Outbreaks Patients 
with 

) Symptom* 

%  
Nausea 3”o 79 (51-100) 
Vomiting 34 69 (25-100) 
Diarrhea 34 66 (21-100) 
Abdominal cramps 30 71 (17-90) 
Headache 22 50 (17-80) 
Fevert 29 37 (13-71) 
Chills 14 32 (S-74) 
Myalgias 14 26 (11-73) 
Sore throat 7 18 (7-32) 

l Only outbreaks in which rhc percentaga of ill persons wth given symptoms 
ucrc reported are included. Values are upressed as the median percent of patients 
with symptoms; the range of pcrccocages arc in parenthess. 

t Rcport~ng of fever was subjective in each outbreak. 

our outbreaks of shorter duration included three in 
which ascertainment of late onset cases was incomplete. 
)f the five outbreaks initiated by person-to-person trans- 
&ion for which information was available, four lasted 

to 9 days. 
The number of persons ill in the outbreak< ranged 

-om 2 to 2000. The largest outbreaks occurred in com- 
mnities, schools, recreational areas, and on cruise ships 
median, 348 cases; range, 19 to 2000 cases), and the 
nallest occurred among families and in nursing homes 
median, 19 cases; range, two to 43 cases). Common- 
>urce outbreaks involved more cases (median, 236 cas- 
;; range, 6 to 2000 cases) than those initiated by person- 
? on transmission (medkn, 38 cases; range, two to 
5. .&s). The attack rates were higher in cqnimon- 
>urce outbreaks (median, 60%; range, 23% lo 93%) 
Ian in those attributed to primary person-to-person 
ansmission (median, 39%; range, 31% to 42%). At- 
tck rates did not differ significantly with age or sex in 
be six outbreaks in which information was available. 
‘ospitaljzation of a total of three middle-aged persons 
+r severe dehydration was reported in two outbreaks. 
Iso, in one nursing home outbreak, two elderly debili- 
ted patients died on the third and seventh d?ys after 
lset of acute gastroenteritis, respectively (both deaths 
ere attributed to diffuse atherosclerosis). In another 
lrsing home outbreak, three ‘patients needed intiave- 
ws fluids but were not hospitalized. 
The prevalence of symptoms among ill. persons is 

shown in Table 2. Illness was generally characterized by 
nausea, vomiting, abdominal cramps, diarrhea, and head- 
ache. Fever was frequently reported but rarely document- 
ed. Myalgias. chills, and sore throat were less commonly 
observed. Bloody stools were never found. The age-spe- 
cific prevalence of symptoms, reported in five outbreaks, 
indicated that vomiting occurs more frequently than di- 
arrhea among children, but diarrhea is more frequent 
than vomiting among adults. This finding was also appar- 
ent when the outbreaks Were analyzed by location. In six 
elementary school outbreaks, vomiting occurred in 75% 
(median) and diarrhea in 46% (median) of ill children. 
No data from the nursing home outbreaks were available, 
but in four outbreaks on cruise ships (affecting mostly 
adults), vomiting and diarrhea occurred in 51% and 
85% of cases, respectively. 

T’he duration of illness, recorded in 28 outbreaks, 
ranged from 2 hours to several days. The mean (or me- 
dian) was between 24 and 48 hours in 19 outbreaks and 
between 12 and 60 hours in 26 of the 28 outbreaks. In six 
outbreaks, a small percent of persons ( 15% or less) were 
ill longer than 3 days. 

The incubation period of illness was recorded in 22 
outbreaks. The range was 4 to 77 hours, and the mean 
(or median) was between 24 and 48 hours in 20 of the 22 
outbreaks. 

Laboratory data on the outbreaks are shown in Table 
1. Serum specimens from the acute phase were generally 
obtained in the first few days of illness, those from the 
convalescent phase 3 to 4 weeks later. The geometric 
mean titers of specimens from acute and convalescent 
phases (for all 38 outbreaks) were I:140 and 1:924, re- 
spectively. In 15 outbreaks, serum pairs (specimens from 
acute and convalescent phases) from healthy persons 
(controls) were also submitted for testing. The geometric 
mean titers of specimens from the acute and convalescent 
phases were 1:158 and 1:248, respectively. In six of the 
outbreaks in which control serum specimens were sub- 
mitted, 17 of 63 serum pairs showed a fourfold rise in 
antibody titer. Retrospectively, we realized that controls 
in these outbreaks had been chosen from the population 
at risk and, therefore, had been exposed to Norwalk in- 
fection. 

Immune electron microscopy was done on stool sam- 
ples from 24 outbreaks; 27-nm particles were seen in 
samples from only five. In two instances, these particles 
were aggregated by convalescent phase serum specimens 

able 3. Duration of Illness, Symptoms, and Incubation Period in 81 Outbreaks of Acute Nonbacterial GastroenteritWt 

utbreak 
ategory 

Outbreaks Outbreaks with 
Duration of Illness Vomiting 2 SO% Diarrhea 2 50% Headache 2 50% Incubation Period 

from 12 to 60 Hours of cases of Cases ofcases from 24 to 48 Hours 

n + 5% h) , 

orwalk 
infection* 38 93(28) 89(27) 74(27) 50(18) 91(22) 
xsibly Norwalk 
infection 17 92(12) 90( 10) 70( 10) 25(4) W5) 
ot Norwalk 
infection 26 84( 19) 50( 18) 94(18) 38(13) 7W9 
.c of these outbreaks were investigated solely by the National lnstituta of Health; the rest were investigated through the Centers for Disease Control. 
t L of outbreaks with the characteristic described: D  = number of outbreaks in which inforrnatmn was avadable. 
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from patim@ and in one, Norwalk antigen was detected 
in the stool by radioimmunoassay; in two instances, the 
small number of particles seen precluded adequate test- 
iog. In the five outbreaks in which particles were ob- 
served, they were found in only 36 of 106 samples. 

ANALYSIS OF OUTBREAKS POSSIBLY CAUSED BY THE 

NORWALK VIRUS 

The 17 outbreaks included in this category occurred in 
all Seasons of the year. Eleven occurred in nursing homes, 
three in camps or recreational areas, two in elementary 
sch&s, and one in a college. Of 15 outbreaks in which 
information was available, six were associated with a 
cOmmon source Of infection; one of these was water- 
borne. Nine outbreaks were attributed to primary person- 
to-person transmission; geographic clustering. of cases 
was documented in two of-these. Secondary transmission 
(attack rates,. 33% to 40%) occurred in two of the three 
ccmmon-source outbreaks and in all six person-to-person 
outbreaks in which information was available. Outbreaks 
in the “possibly Norwalk" category were similar to those 
in the Norwalk category in duration of illness, prevalence 
of symptoms, and incubation period ‘(Table 3). 

The geometric mean titers of Norwalk antibody in 
acute and convalescent specimens from these outbreaks 
were 1:142 and 1:262, respectively. Virus-like particles 
were seen in stool specimens in two of the 11 outbreaks in 
which samples were submitted. However, these particles 
were so few that they could not be tested adequately to 
show a relation with the illnesses observed. 

ANALYSIS OF NORWALK-NEGATIVE OUTBREAKS 

The 26 outbreaks in this category .also occurred in all 
seasons of the year. Five occurred in nursing homes, five 
in restaurants, five in residential communities, four on 
cruise ships, three in hospitals, two in camps or recrea- 
tional areas, and two in colleges- Fourteen of 21 out- 
breaks in which information was available were related to 
a common source; seven were waterborne and three were 
foodborne (salads were implicated in all three instances). 
Seven outbreaks were attributed to prhmqr person-@- 
person transmission; geographic clustering was found in 
two of these. Secondary transmission (attack rates 11% 
to 48%) occurred in all seven common&rce outbreaks 
and in both person-to-person outbreaks for which infor- 
mation was available. Outbreaks not due to Norwalk vi- 
rus were also similar to those in the Norwalk category in 
duration of illness, prevalence of symptoms, and incuba- 
tion period (Table 3). The geometric mean titers of acute 
and convalescent specimens in these outbreaks were 
1:164 and 1: 179, respectively. Particles; 27 nm, were seen 
in stool specimens in two of 17 outbreaks in which sam- 
PleS were tested. In one of these outbreaks, a stool filtrate 
containing these particles’ produced illness in volunteers 
(22); in the other, the small number of particles preclud- 
ed adequate testing. 

A summary of the outbreaks of acute nonbacterial gas- 
troenteritis is shown. in Table 3. Thirty-one of the 74 
outbreaks (42%) investigated by the CDC from 1976 to 
1980 were caused by the Norwalk virus. Seventeen out- 

breaks (23%) showed evidence for possible involvement 
of the Norwalk agent, and 26 (35%) were not due to 
Norwalk virus. 

Discussion 
EPIDEMIOLOGY OF NORWALK GASI-ROEFITIS 

Our review indicates that outbreaks of Norwalk gas- 

\ 

troenteritis have occurred in all months of the year and in 
various locations,, including elementary schools and col- 
leges, camps and recreational areas, nursing homes, 
restaurants, cruise ships, small families, and larger com- 
munities. In addition to primary person-to-person trans- 
mission, both water (drinking and swimming) and food 
have been clearly established as vehicles in the transmk- 
sion of Norwalk infection. Secondary person-to-person 
transmission is a nearly universal feature of Norwalk out- 
breaks It was found in 20 of 23 common-source out- 
breaks and in all three outbreaks initiated by primary 
person-to-person transmission in which information was 
available. 

i 

Norwalk infection produces a brief illness character- 
ized primarily by nausea, vomiting, diarrhea, and abdom- 
inal cramps. Although these symptoms are seen in pa- 
tients in all age groups, children are likely to present 
primarily with vomiting, whereas adults are more likely 
to present with diarrhea. The vomiting associated with 
Norwalk infection may be caused by a decrease in gastric 
motility, which has been shown in adult volunteers (23). 
The possibility that this abnormality may be more pro- 
nounced in children, therefore accounting for a higher 
prevalence of vomiting in this age group, has not been I 

investigated.. - 
The mildness of Norwalk illness is indicated by the fact 

, ’ 

that hospitalization of only three ill persons was recorded 
1 - 

in the 38 outbreaks. However, two deaths were reported I 
in patients in a nursing home, suggesting that Norwalk i 
infection may occasionally hasten the death of an elderly i 
debilitated person. 

The characteristic duration (5 to 9 days) of the out- 
breaks in this review suggests that outbreaks of Norwalk 
gastroenteritis terminate naturally in about 1 week. In 
eight outbreaks (the nationwide outbreak associated with 
eating oysters. and seven outbreaks in camps or cruise 
ships), continuing exposure to a common source was re- 
sponsible for longer outbreaks or repeated waves of ill- 
ness when new susceptible populations were introduced. 
Four of these outbreaks may have been interrupted by 
early recognition and correction of deficient water sys- 
terns (10; Unpublished data), suggesting that inter-r-up- 
tion of these longer outbreaks is possible. However, there 
is no evidence that the course of a typical week-long epi- 

i 
! 

; 
i 
t 
/ 

I 
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I 

demic has been altered by preventive measures. I 

I ROLE OF NORWALK VIRUS IN OUTBREAKS OF ACUTE 
NONBAnERIAL GA!XROENTERITIS 

Our review of the experience at the CDC indicates that 
42% of the outbreaks of acute nonbacterial gastroenteri- 
tis investigated from 1976 to 1980 were caused by-the 
Norwalk virus. This prevalence is even higher than the 
32% and 34% figures recorded previously (17. 18). and 

,,’ 
? 
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it further suggests that only a few viral serotypes cause 
most outbreaks of-acute nonbacterial gastroenteritis. 

4 comparison of the data for the outbreaks of Nor- 
lk. “possibly Norwalk,” and non-Norwalk infection 

indicates that there are no epidemiologic or clinical crite- 
ria that will clearly separate these categories. Outbreaks 
in each category occurred in all seasons of the year and in 
similar locations.’ The duration of illness, prevalence of 
symptoms, and incubation period were similar in all 
groups (Table 3). and secondary person-to-person trans- 
mission was common among outbreaks in each of the 
categories. 

The organisms that caused the outbreaks in the “possi- 
bly Norwalk” and non-Norwalk categories are unknown. 
As noted earlier, three outbreaks initially classified as 
“possibly Nor-walk” were placed in the Norwalk catego- 
ry, because the.magnitude of the convalescent antibody 
titers suggested that illness was caused by the Norwalk 
virus. Failure to show a rise in titer in most cases in these 

- outbreaks was related to a delay in obtaining the acute 
blood specimens; in each of these outbreaks acute speci- 
mens were obtained 1 week or more after onset of symp- 
toms, and the geometric mean titers of the acute speci- 
mens were also elevated (1606, 1:469, and 1 :I 345, 
respectively). In the rest of the outbreaks in the “possibly 
Norwalk” category, however, the geometric mean titers 
of the convalescent specimens were not elevated. Some 
outbreaks in the “possibly Norwalk” category may have 
been caused by the Norwalk virus; perhaps additional 
sero-responses in these outbreaks would have been shown 

‘1 the serum specimens been titered at lower dilutions 
n those commonly tested ( 14). Alternatively, be&use 

the epidemiologic and clinical characteristics of these 
outbreaks are similar to those of the Norwalk outbreaks 
(Table 3), these outbreaks may have been caused by 27- 
nm viral agents antigenically related to the Norwalk vi- 
rus. Such serologic cross reactivity between antigenically 
related enteroviruses has been observed (24). 

The epidemiologic and clinical characteristics of the 
non-Norwalk outbreaks similarly suggest that they were 
caused by agents resembling, but antigenically distinct 
from the Norwalk agent- Particles measuring 27 nm were 
seen in stool specimens from two of these outbreaks, and 
irr one of these outbreaks oral administration of a stool 
filtrate produced illness in volunteers (22). Several 27- 
nm particles that are associated with gastroenteritis, and 
are antigenically distinct from the Norwalk virus have 
been described ( 19-21). 

The difficulty in identifying the organisms that caused 
the “possibly Norwalk” and the non-Norwalk outbreaks 
of acute nonbacterial gastroenteritis reflects the current 
deficiencies in our understanding of the 27-nm particle 
viruses. The Norwalk virus has not yet been completely 
characterized and classified. No 27-nm gastroenteritis 
agent has been successfully propagated in the laboratory; 
the antigenic material used in the Norwalk radioimrnu- 
noassay is derived from stool filtrates from volunteers 
and chimpanzees. Other recognized 27-nm particle 

‘-uts (Hawaii, W, Snow Mountain) have been. success- 
J transmitted to vo1unteet-s (8, 22, 25). but serologic 

! 
tests using the respective antigenic materials have not 
been developed and applied to serum specimens from 
outbreaks. Clearly, accurate information on the identity 

I 

of these agents and their role in causing acute nonbacterj- 
al gastroenteritis will be welcome. 

In the meantime, additional information must be ac- 
quired to define fully the epidemioiogy of gastroenteritis 
from 27-nm viruses. Infection appears to occur in all age 
groups, but the rates of symptomatic and asymptomatic 
infection and the risk factors involved in transmitting and 
acquiririg infection have not been defined. Transmission 
is presumed to occur primarily by- fecal-oral spread, but 
some evidence suggests that respiratory transmission oc- 
curs (26); this possibility needs clarification. There is 
currently no method for detecting the 27-nm particle 
agents in water; the concentration of the virus needed to 
produce human illness and its susceptibility to chlorina- 
tion remain unknown. Finally, immunologic measure- 
ments of susceptibility to Norwalk infection remain un- 
known because neither humoral nor secretory antibody 
appears to correlate with immunity to infection (18, 27). 
Careful investigation of future outbreaks of acute non- 
bacterial gastroenteritis may help resolve these questions. 
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