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Bacti-Stat@ CHG AND CHLORHEXIDINE GLUCONATE 
Bacii-Stat CHG Antimicrobial Solution with 2% Ch!orhexidine Cluconate (Cl-!C) also containing 4% Isopropyl Alcohol is tec- 
ommended for use as a Health Care Personnel Han&ash. These recommendations are based on Bacti-Stat CHG broad spec- 
trum of activity against gram-positive and gram-negative bacteria, fungi (both yeasts and molds) and viruses. 

Bacti-Stat CHC is effective tn reducing the number of resident and transient bacteria commonly found in a clinical setting. This 
reduction is both immediate and persistent. Bacti-Stat CHC has been tested and proven effective against a broad spectrum of 1 
gram-positive and gram-negative bacteria associated with nosdcomial infections. The test results listed in this bulletin sub- 
stantiate the activity of Bacti-Stat CHG. 

Bacti-Stat CHG is an antimicrobial solution designed to diminish dermal flora. Bacti-Stat CHG contains surfactants (deter- 
gents) for cleansing the skin, emollients to help the skin maintain its natural oils and moisture level. and chlorhexidine glu- 
conate to provide both bactericidal action and bacteriostatic properties against a wide range of microorganisms. 

CHEMISTRY 
Bacti-Stat CHG contains the antimicrobial agent Chlorhexidine Cluconate (CHC) also known as l,l’-hexamethytenebis [S 
(d-chlorophenyl) biguanidej digluconate. 
The chemical structure of this compound is 
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The mode of action for CHC has been shown to differ at high and low concentrations. Concentrations below 100 ppm j 
have bacteriostatic properties which act on cell membrane components. Concentrations above this level have bactericidal . 
effects due to rapid action on the cytoplasm. 



Bacti-Stat@ CHG IS EFFECTIVE AS A 
HEALTH CARE PERSONNEL HANDWASH 

fn a clinical study ;o substantiate the eiiectlveness Bacti-Stat CHG as a Health Care Personnel !-fandwash, tests were conducted 
to mlmrc the use of a handwash m a clinical seitrng. .A glove jurce technique was employed to determine the percent reductron 
of the transtent bacteria on me sublects’ hands and iorearrns. 

.4 baseline bacterial count was determined for each subject, by contaminating the hands and forearms ,Gth Serrufiu murcescens 
and washing w1tf-1 a buffered non-antimicrobial solution. 

.2fter the baseline determinations were completed, each subject repeated the Serrafia marcescas contamination procedure. The 
subjects then washed for 30 seconds with Bacti-Stat CHG. Thus procedure was repeated 25 times. CIove jurce samples were cot- 
lected at’ter the 5th lOth, ljth, 20th and 25th washings. 

TESTDATA: 
Percent Reduction oi Transient Bacteria as determined by a Clove Juice Test using Bacti-Stat CHG 

Wash Number Bacterial Count 

0 (base line before first wash) 1 1.85 x 106Smatia marcescem 
c 

% Bacterial Reduction 
5th wash 99.99 

10th wash 99.99 
15th wash 99.99 
20th wash 99.99 
25th wash 99.99 

Test data indiczies that Bacti-Stat CHC de!ivers greater than a 99.9% reduction rn the transient bacterra count when used as a 
Health Care Personnel Handwash. No adverse effects from repeated use were observed. 

Bacti-Stat CHG effectively reduces the transient bacterial count needed (greater than 99.9%) wlthout adverse effects to the skin. 
These properties burlt into Bacti-Stat CHG make it an ideal Health Care Personnel Handwash. 
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Bad-Stat” CHG ACTIVE AGAINST GR~WPOSITIVE BACTERLA 
MINIiVUM INHIBITORY CONCENTRATION (a measure of bacteriostatic activity) 
To substantiate ihe eifectlveness oi Bacti-Stat CHG against gram-posrtlve bacteria, tests were conducted to determine ;le 
Flimmun Inhlbltory Concentration \.ViC) oi Bacti-Stat CHG in cltro against representative pathogemc gram-posltlve bacteria. 

TEST: 
Dilutions oi Bacti-Stat CHG were made with Tryptlcase Soy Broth to obhin final CHC concenlratlons ranging from 100 ppm ko 
0.5 ppm The final culture suspension in the SrotNBacti-Stat CHG tubes had densities of betweenlp-10i CFU/ml. The tube con- 
taming the lowest concentranon of Bacti-Stat CHC in which no turbidity was observed after 48 holJrs of incubation is the 

Minimum Inhibitory Concentration (MC). Bacti-Stat CHG contains 20,OOdppm CHG. 

RESULTS 

.h2icroorganism 
Bacillus cereus 
Bacillus subtllis 
Corynebacterium xerosis 
Leuconostoc mesenteroldes 
Micrococcus luteus 

.“licrococcus roseus 
Staphyiococcus aureus 

Staphylococcus epidermidis 

Streptococcus (group D) 
Streptococcus sp. 
Streptococcus faecalis 
Streptococcus pneumoniae 
Streptococcus pyogenes 

-_-- ^_ _ 

I 
L 

CONCLUSilON 

MIC of Bacti-Stat CHC 
Stxain (wm CHG) 

ATCC 11778 2.3 
ATCC 19659 1.0 
ATCC 373 0.5 
ATCC 13146 1.0 
ATCC 381 05 
ATCC 4598 0.5 
Clinical Isolate 3.0 
XTCC 186 0.5 
ATCC 5538 2.5 
ATCC 33592 2.5 
Climcal Isolate 1.0 
.~TCC 25923 40 
ATCC 12228 
ATCC 12228 f :; 
ATCC 14990 0.5 
Clmical Isolate 
ATCC 12389 ?:a 
ATCC 12388 0.5 
ATCC 19433 4.0 
.+.TCC 6303 2.5 
ATCC !96!5 c; 
ATCC 19615 k;; 

- 

Bacti-Stat CHG effectively inhibits the growth of known pathogenic gram-positive bacteria. 

KILL TIME STUDIES !a measure of bactericidal activity) 
To demonstrate the bactencldal propertles oi Bacti-Stat CHG against gram-positive bacteria, Kill Time Studies were conducted 
against representative gram-positive bacteria commonly found in a clinical setting: 

TEST: 
Bacti-Stat CHC was inoculated with a 24 hour culture of each of +he test organisms. .a aliquot of each inoculated Bacti-Stat 
CHC sample was removed at !5 seconds, 30 seconds, 1, 3 and 6 minute intervals, placed into subcuiture tubes containing neu- 
tralizers and incubated for 48 hours. The time necessary to elicit a 4 log”, reduction in bacterial count is the stated Kill Time. 

RESULTS 

L 

Elicroorganism 
Bacillus cereus 
Bacillus subtilis 
Leuconostoc mesenteroides 
Micrococcus luteus 

Micrococcus roseus 
Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus (Group D) 
Streptococcus sp. 
Streptococcus pneumoniae 
Streptococcus pyogenes 

Strain 
ATCC 11778 
ATCC 19659 
ATCC 13146 
ATCC 381 
ATCC 4698 
ATCC 186 
ATCC 6538 
ATCC 33592 
Clinical Isolate 
ATCC 12228 
ATCC 14990 
Clinical Isolare 
ATCC 12389 
ATCC 12388 
ATCC 6303 
.ATCC 19615 

Kill Time for 
Bacti-Stat CHG (seconds) 

15 
15 
15 

:: 
15 

:: 
60 
15 
15 

z: 
15 
15 
15 

The Kill Time ior Bacti-Stat CHG against known pathogemc gram-positive bacteria ranged from 15-60 seconds. 

CONCLUSION 
Bacti-Stat CHG has qu~cic bactenadal ac?lvlty against a wrde range of known pathogenrc gram-positrve bacteria. 



Bacti-Stat CHG IS ACTIVE AGAINST GRlliI-NEGATIVE BACTERW 
MINIirIUM INHIBITORY CONCENTRATION (a measure oi bacteriostatic activity) 
To substantrate the eifectiveness of Bacti-Stat CHG against gram-negative bacierra. tesz were conducted to de:eTine the 
>finimum !nhibitow Concentration 141ICI of Bacti-Stat CHG ;n rrtro against representarrve pathogenic gram-negative bacterra. 

TEST: 

Dilutions of Bacti-Stat CHG were made with Trypticase Soy Broth to obtain rinal CHG concentrations ranging from 100 ppm to 
0 j ppm. The final culture suspension tn the broth’Bacti-Stat CHC tubes had densities or’bemeen lW.l@ CFrJmI. The ;ube con- 
taining the lowest concentration of CHG which no turbidity was observed after It8 hours oi incubation is the pfinimum Inhrbitory 
Concentration (MC). Bacti-Stat CHG contains 20,000 ppm CHG. 

RESULT’ 
Microorganism 

Acinetobacter calcoaceticus 

Crtrobacter freundii 
Enterobacter 

aerogenes 
Enterobacter cloacae 

Escherichia coli 

Klebsiella pneumoniae 

??elsse:ia menlngltidis 

Proteus mirabifis 
Proteus vuigaris Pseudomonas aeruginosa 

Pseudomonas cepacia 

Strain 

ATCC 19606 
ATCC 19606 
ATCC 8090 
ATCC 8090 
ATCC 13048 
ATCC 23355 
ATCC 23355 
Clinical Isolate 
ATCC 25922 
ATCC 25922 
Clinical isolate 
ATCC 13883 
ATCC 13883 
Clinical Isolate 
ATCC 13077 
ATCC 13090 
ATCC 25933 
ATCC 13315 
.-\TCC 9027 
ATCC 15442 
ATCC 15442 
ATCC 27853 
ATCC 27853 
Clinical Isolate 
Clinical Isolate 
Clinical Isolate 
Clinical Isolate 
ATCC 25416 
Clinical Isolate 

?lIC of Bacti-Stat 
CHC (ppm CHG) 

5.0 
8.0 
5.0 
8.0 
7.5 
5.0 
8.0 
7.5 
2.5 
8.0 
2.5 
5.0 
8.0 
3.0 
1.0 
1.0 

75.0 
50 
7.5 

20.0 
64.0 
10.0 
32.0 
20.0 
20.0 
10.0 
20.0 
13.0 

7.5 

CONCLUSION 
Bacti-Stat CHC eifectively inhibits the growth ot’ known pathogenic gram-negative bacteria. 



KILL TIME STUDIES (a measure of bactericidal activityj 
To demonstrate the bactericidal properties of Bacti-Stat CHG against gram-negative baci-. ‘=)a. Kill Time Studies were conducted 
against represen+ztive gram-negative bacteria commonly iound in a clinical setting. 

TEST: 

Bacti-Stat CHG was inoculated with a 24 hour culture of each of the test organisms. in aliquot of each inoculated Bacti-Stat 
CHG sample was removed at 15 seconds, 30 seconds, 1. 3, and 6 minute . Internals, placed Into subculture tubes containing neu- 
tralizers and Incubated for 48 hours. The time necessary to elicit a _ * logr,,, reduction in bacterial count IS the stated KIII Time. 

RESULTS 
Microorganism 

r\cinerobacter calcoaceticus 
Citrobacter ireundii 
Enterobacter aerogenes 
Enterobacter cloacae 

Escherichia coli 

Klebsiella pneumoniae 

Neisseria meningitidis 

Troteus mirabilis 
Proteus vulgaris 
Pseudomonas aeruginosa 

- 
Pseudomonas cepacia 

Pseudomonas fluorescens 

Salmonella choieraesuis 
Salmonella typhi 
Salmonella typhimurium 
Senatia marcescens 

Shigella flexneri 
Shigella sonnei 

Strain 

ATCC 19606 
ATCC 8090 
ATCC 13048 
.?,TCC 23355 
Clinical Isolate 
ATCC 25922 
Clinical Isolate 
ATCC 13883 
Clinical Isolate 
ATCC 13077 
ATCC 13090 
ATCC 25933 
ATCC 13315 
ATCC 9027 
ATCC 15442 
?,TCC 27853 
Clinical Isolate 
Clinical Isolate 
Clinical Isolate 
Clinical Isolate 
ATCC 25416 
.4TCC 25609 
Clinical Isolate 
ATCC 13525 
Clinical Isolate 
ATCC 10708 
ATCC 6539 
ATCC 14028 
ATCC 8100 
ATCC 29022 
Clinical IsoIate 
Clinical Isolate 
Clinical Isolate 
ATCC 9199 
ATCC 12022 
WCC 25931 

Kill Time for Bacti- 
Stat CHC (seconds) 

151 
151 
15 
15 
151 
151 
15 
15 
15 
i5 
1:; 
30 
15 
15 
15 
15 
15 
!: -> 
15 
15 
15 
15 
15 
15 
30 
15 
15 
15 
15 

- 15 
15 
15 
15 
15 
15 
15 

The Kill Time for Bacti-Stat CHG against known pathogenic gram-negative bacteria ranges from 15-30 seconds. 

CONCLUSION 
Bacti-Stat CHG has quick bactericidal activity agairst known pathogenic gram-negative bacteria. 



Bacti-Stat CHG IS ACTIVE AGAINST MICROBES 1PREVfOUSLY 
REPORTED AS CONTAMINANTS OF CHG SOLUTIONS 

EfIhWfUM INHIBITORY CONCENTRATION (a measure of bacteriostatic activity) 
To subs+Lanbate t+e etYfectiveness of Bacti-Stat CHG against microbes previously reported to be contaminants of CHC solutions, tests 
were conducted to determine the Xirumum Inhibitory Concentration (MIC) of Bacti-Stat CHG m o&o against these microorganisms. 
TEST: 

Dilutions of Bacti-Stat CHG were made with Tqpticase Soy Broth to obtain final CHG concentrations ranging from 100 ppm to 
0.5 porn. The final culture suspension in the broW’Bacti-Stat CHG tubes had densities ofbe~een 105-10” CFlJ/ml. The tube con- 
taining the lowest concentration oi CHG in which no turbidity was observed after 48 hours of incubation is the Minimum 
Inhibitory Concentration (MIC). Bacti-Stat CHG contains 20,000 ppm CHG. 

RESULTS: 

Microorganism 

Alcaligenes denitrificans 
ss. xylosoxidans 

Proteus mirabilis 

Proteus vulgaris 

Pseudomonas aeruginosa 

Tseudomonas cepacia 

Pseudomonas picketti 
Serratia marcescens 

Strain 

ATCC 27061 
ATCC 25933 
ATCC 7002 
ATCC 12453 
ATCC 6360 
ATCC 8427 
ATCC 13315 
ATCC 9027 
ATCC 15442 
A-KC 27843 
Clinical Isolate 
Clinical Isolate 
Clinical Isolate 
Clinical Isolate 
ATCC 25416 
Clinical Isolate 
ATCC 27511 
Clinical isolate 

MIC of Bacti-Stat 
CHG (ppm CHG) 

15.0 
75.0 
15.0 
15.0 
20.0 
50.0 
5.0 
7.5 

20.0 
10.0 
20.0 
20.0 
10 0 
20.0 
15.0 
7.5 

40.0 - 
7.5 

CONCLUSION 
Bacti-Stat CHG effectively inhibits the growth of representative bacterial species previously demonstrated to be contaminants 
of CHC solutions. 



KILL TIME STUDIES (a measure of bactericidal activity) 
To demonstrate the bacterictdal properties of Bacti-Stat CHG against bat t2ria previously sho\<n to be con’aminants oiC’IC prod- 
ucts, Kill Time Studies were conducted against L?ese organrsms. 

TEST: 
Bacti-Stat CHG was maculated wrth a 34 hour cultur e Of each Of the test organisms. .ti aliquot of 2ach :noculated Baclj-Stat 

CHG sample was removed at 15 seconds. 30 seconds. I, 3, and 6 minute intervals, plac2d Into subculture tubes contarnrng neu- 
tralizers and incubated for 48 hours. Th2 time necessary to elicit a 4 log,,, reductron in bacterial count is the stated Kill Time. 

RESULTS : r 

I 

Microorganism 

Alcaligenes denrtrificans 
ss. xytosoxidans 

Provid2ncia stuartri 

Proteus mirabiiis 

Proteus vulgaris 

Pseudomonas aeruginosa 

Pseudomonas cepacia 

Pseudomonas picketti 
Serratia marcescens 

Strain 

ATCC 27061 
ATCC 33672 
ATCC 35031 
ATCC 25933 
ATCC 7002 
ATCC 12453 
ATCC 6380 
ATCC 8427 
ATCC 13315 
ATCC 9027 
ATCC 15442 
ATCC 27843 
Clinicai Isolate 
Clinical Isolate 
Clinical Isolate 
Clinical Isolate 
ATCC 25416 
ATCC 25609 
Clinical Isolate 
ATCC 27511 
ATCC 8iGO 
ATCC 29022 
Clinical Isolate 
Clinical Isolate 
Clinical Isolate 

Kill The for 
Bacti-Stat CHG (seconds) 

15 
15 
15 
30 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
i5 
15 
15 
15 
15 

The testing shows that bacterial species previously linked with the contamination of CHG products and solutions, have no inher- 
ant resistance to Bacti-Stat CHC with 2% CHG. Kill Tines in all cases were 15 seconds or 30 seconds. 

CONCLUSION 
Bacti-Stat CHG has quick bactericidal activity against previously known pathogenic contaminants of CHG products 
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Bacti-Stat’ CHG IS ACTIVE 
AGAINST A.PiTIBIOTIC-RESISTANT BACTERIA 

. .Yany species and strains oi bacteria have d2\2lop2d ~?zIs’~c? to various antlbiotlcs. To substantiate the bacteriostatic and bac- 
ter1c1d.A 2iiectlveness oi Bacti-Stat CHG against h2s2 antIbiotIc-resIstant bacteria, several multipLe reslshnt stra!m of bacteria 
were tested. 

Th2 specific antlbiotic resistance of each bacterral strain are noted in the foilowIng chart, ana this IS followed by the sp2- 
cific testing. 

Antibiotic resistance of organism (x) 

ORGANISM STRAIN 

Staphylococcus aureus ATCC 33592 

Staphylococcus aureus Clinical Isolate 

Staphylococcus epidermidis Clinical Isolate 
Escherichia coLi Clinical Isolate 
Klebsleila pneumomae Clinical Isolate 
Pseudomonas aeruginosa Clinical isolate 

C 5 9 
E -e - 
- 
- 
- 
- 

x - 

MINIMUM INHIBITORY CONCENTRATION (a measure oi bacteriostatic activity) 
To substantiate the eff2ctiveness of Bacti-Stat CtfC against antibiotic resistant bacteria, tests were conducted to determine the 
Mimmum 1nhlbltor-y Concentration iMIC! of Bac?i-St;! CHG i- ,L x:ro against representative pathogenic antibiotic resistant bacte- 
ria. - 
TEST: 
Dilutions of Sacti-Stat CHG where made with Tqpticase Soy Broth to obtain final C’rC concentrations ranging from 100 ppm 
to 0.5 ppm. The final culture suspension in the Srothf’Bacti-Stat CHG tubes had densities of between loj-lo’ CFU/ml. The tube 
containmg the lowest concentration of CHC in which no turbidity was observed aftar 46 hours of incubation is th2 >linjmum 
Inhibitory Concentration (MIC). Bacti-Stat CHG contains 20,000 ppm CHG. 
RESULTS: 

3licfoorganism Strain 
/ 

MIC of Bacti-Stat 
CHG (ppm CHC) 

Staphylococcus aureus ATCC 33592 2.5 
Staphylococcus aureus Clinical Isolate 1.0 
Staphylococcus epidermidis Cliniial Isolate 2.5 
Escherichia coli Clinical Isolate 2.5 
Klebsiella pneumoniae 
Pseudomonas aeruginosa 

Clinical Isolate 5.0 
Clinical Isolate 20.0 

L 

CONCLUSION 
Bacti-Stat CHC effectively inhihits the growth of known pathogenic antibiotic resistant bacteria. 



KILL TIME STUDIES (a measure of bactericidal activity) 

To demonstrate the bactericidal propertIes of’ Bacti-Stat CHG against antibiotic resistant bacteria, Kill T?ne Studies w2r2 

conducted against representative antIbiotIc-resrsiant bac:ena commonly found in a clinical setting. 

i 

TEST: 
Bacti-Stat CHG was inoculated with a 24-hour culture of each of ‘the test organisms. r\n aliquot of each inoculated Bacti-Stat 
CHG sample was removed at 13 seconds, 30 seconds, 1. 3, and 6 minute intervals. placed into subculture tubes containing neu- 
tralizers and incubated for 48 hours. The time necessary to elicit a 4 lognl reduction in bacterial count is the stated Kill Time. 

RESULTS 
hlicroorganism strain 

Staphylococcus aureus ATCC 33592 
Staphylococcus aureus Clinical Isolate 
Staphyiococcus epidermidis Clinicat Isolate 
Escherichia coli Clinical Isolate 
Ktebsieila pneumoniae Clinical Isolate 
Pseudomonas aeruginosa Clinical Isolate 

Kill Time for Bacti- 
Stat CHG (seconds) 

30 
60 
30 
15 
15 
15 

The Kiil Time 1 for Bacti-Stat CHG against known pathogenic antibiotic resistant bacteria ranged from 15-60 ser 

CONCLUSION 

:0i- Ids. 

BactI-Stat CHC has quick bactericidal activity against a wide range of known pathogenic antibiotic resistant bacteria. 
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Bacti-Stat CHG@ IS ACTIVE AGAINST FUNGI (YEAST A.!YD MOLDS) 
MINIMUM INHIBITORY CONCENTRATION (a measure of iungistatic actwity) 
To substantiate the effectiveness of Bacti-Stat CHC agaarnst Cundido aibicms, a yetit. &is were ccnducted to show tl;e >tir;lmum 
Inhibitory Concent:ahon (WC) oi Bacti-Stat CHG in c:ilro against this representative pathogemc fungus 

TESTZ 
Dilutions of Bacti-Stat CHG were made with Trypticase Soy Broth to obtain final CHC concentrations ranging from 100 ppm to 
0.5 ppm. The final culture suspension m the broth/Bacti-Stat CHC tubes had densltles of between IO’-!O’CFU/ml. The tube con- 
taining the lowest concentration of CHC in which no turbidity was observed after 48 hours of incubation is the Xinlmum 
Inhibitory Concentration (NC). Bacti-Stat CHG contains 20,000 ppm CHG. 

RESULTS: 

~?licroorganism Strain 

Candida albicans ATCC 1023 1 

MIC of Bacti-Stat CHC 
-1 (PP~ CHC) 

5.0 

CONCLUSION 
Bacti-Stat CHG effectively inhibits the growt? of t/is known pathogenic fungus. 

KILL TIME STUDIES (a measure of fungicidal activity) 

To demonstrate the fungicidai properties of Bacti-Stat CHC against known pathogenic fungi (both yeast and molds), Kill Time 
Studies were conducted against representative fungi commonly associated with clinical settings. 
TESTS: 

BF J 

Test organisms were grown on Sabouraud-Dextrose agar for 5-7 days at 25-28°C. The myce!ial mats were ioosened from the agar 
surfaces, and the myceliai recoveries were macerated in PBS, vortex mixed. and filtered through sterile cotton gauze. The filtered 
conidial suspensions were quantitated. using the Petroff-Hausser Microscopic Counting Chamber Method, and the densitites 
standardized at a density of 5 x 10’ coniditiml. 
5.0 ml aliquots of Bacti-Stat CHG were placed in test tubes. The tubes were placed in a water bath for 15 minutes, after which 
0.2 ml of the fungal test organism was added. 
Following the 15, 30, 45, or 60-second exposures to Bacti-Stat CHC, an APK4, ioopful oi the mixture was transferred to glucose 
neopeptone agar plates, and incubated for 5-7 days at 26-28°C. The recovery agar, glucose neopeptone agar, contained 0.5% 
polysorbate-80 and 0.07% lecithin neutralizer. IXvo recovery plates were inoculated per time interval. Visible growth of the test 
organism on the recovery plates was confirmed to be the inltlai inoculum by preparing wet mounts of the surviving colonies and 
observing conidial and mycelia structures m!croscopicaily 
FIESULTS: 

* 

&ganisms Strain Kill Time for Bacti- 
Stat CHG (seconds) 

Aspergiltus versicolor ATCC 11730 15 
Aspergillus niger ATCC 6275 15 
Blastomyces dermatitidis ATCC 10225 15 
Candida albicans ATCC 10231 15 
Microsporum audouinii ATCC 10008 15 
Microsporum canis ATCC 36229 30 
Microsporum gypseum ATCC 14683 15 
Mucor piumbeus ATCC 6795 30 
Peniciilium not&urn CBS IS-6157 15 
Penicillium roqueforti CBS 15-6161 15 
Pityosporum orbiculare ATCC 44344 15 
Pityosporum ovale A-KC 14521 30 
Rhizopus nigricans ATCC 24862 15 
Trichoderma viride ATCC 32630 15 
Trichophyton mentagrophytes ATCC 18748 15 
Trichophyton tonsurans ATCC 28942 30 

~C R .-C..m..m , . . .--- L 
The Kili Time ror aacrt->lax UICI agamst various lung) ranged tram 15-30 seconds. 

CONCLUSION 
Bacti-Stat CHG has quick fungicidal activity against known pathogenic fungi (both yeasts and molds). 



Bacti-Stat CHG IS ACTIVE AGAINST VIRUSES 
To substantiate the antiviral activity of Bacti-Stat CHG tests were conducted against the known pathogenic viruses Herpes 
simplex Type I (HSV I) and Herpes simplex Type II (HSV71). 

TEST XETHOD: 

1. The test vrrus, HSV II, was propagated in Vero Ceils. The viral inrectlvlty titer of me HSV Ii test virus was determrned to 
be 10L”TCID~~/ml. The test virus HSV I was propagated in Human Eptthelial Ceils. The viral lniectrvrty titer of the HSV I 
t2st virus was determrned to be IO’” TCiDidml. 

2. 0.25 ml of the undiluted test viral suspensions was added to 0.25 I’ll of undiluted Bacti-Stat CHG. The test virus-Bacti- 
Stat CHG mixture was allowed to remain in contact for 15 seconds at room temperature (2525°C). Treated and untreat- 
ed (control) test viruses were titrated in Vero Cells, four monolayer roller tubes per dilution, and incubated at 36°C for 
five days. The treated and untreated titration monolayer tubes of cell cultures were observed daily during the incubation 
period, after which the end-point was calculated and recorded. 

3. Viral recoveries were based on the observation for cytopathogenic effect (CPE) in the cell culture host systems. 

4. Toxicicy studies were performed to determine the non-specific toxicity of the Bacti-Stat CHG in the cell culture host sys- 
tems. Observatrons of toxicity effects (CPE), were made followmg 21 hours of incubation at 36°C. 

5. Test virus recoveries (viral viability versus viral inactivation) were demonstrated by cell culture host system inoculations 
and observing for CPE. 

6. ‘KIDsa, TCLDjn and TCTDjo caiculations were effected, using the Reed-iMunch Method. 

7. Virus recovery confirmations were completed after exposure to 4.O.A.C. phosphate buffer containing lecithin-Tween 80 
neutralizer. 

8. The untreated viral suspensions and the treated viral suspensions were titrated IO’ through 1Od. 

RESULTS: 

Dilution of viral suspension HSV I Dilution of vital suspension HSV 11 

Test Virus Control (Untreated) - TCID 1.0 x 10”” 1.0 x 10’ 

Test Vhus & Bacti-Stat CHG - TCLD 1.0 x 10.’ 1.0 x 10.’ 

CkTOTOXIClTY ContTol (Bacii-Stat CHC) - TCTD 1.0 x lo-’ 1.0 x lo-’ 

4 _ Herpes Simplex Type YTFz!& ii:: i:,E 

Virai Inactivation = Log Reduction of bims Titer = Viral Inactivation = Log Reduction of Virus Titer = 
TCIDju - TCLD== IO= log10 TCIDa - TCLDa = IO’.“ log,, 

Reed-Munch TCID-Tissue Culture Infectivity Dosage (median) 
Reed-Munch TCLD-Tissue Culture Lethal Dosage (median) 
Reed-Munch TCTD-Tissue Culture Toxicity Dosage (median) 

CONCLUSION 
Bacti-Stat CI-IG effectively inactivates known pathogenic viruses. 

PROFESSlONAi PRODUCTS DIVISION 
Ecolab Inc., 370 Wabash Street, St. ?aul, MN 55102 U.S.A. 
5105 Tomken Road, Mississauga, On:. Canada L4W2X5 
www.ecolab.com l-800-332-6522 

3 1599 Ezta hc. ?nn:ed in USA 272@9/8933’1297 



Huntington@ 
brand 

Registration: 

FDA OTC - Healthcare 
P’ersonnel Hand Rinse 
NDC.- 47593:192@- 

a== se@ Gel 
q What is it? 
Cida-Rinse Gel is a waterless healthcare personnel antimicrobial hand 
rinse formulated with moisturizers to help condition and protect the skin. 

II Why use it? 
Cida-Rinse Gel kills the germs that can lead to nosocomial infections. 
It dries quickly, without stickiness, and is ideal for situations when there is 
simply no time or place to wash. 

R How is it used? 
Apply 1mL of Cicfa-Rinse Gel onto hands and rub until dry. Water 
is not required for rinsing. 540mL soap cartridges can be placed in 
wall-mounted dispensers or left freestanding on countertops. Place 
the 800mL bag-in-box refills directly into wall-mounted dispenser. 

El Where is it used? 
Cicia-Rinse Gel is designed for use in all settings where handwashing is 
not always possible. These include acute and sub-acute care facilities, 
jong-term care facilities, clinics, beauty salons, dental off ices, day care 
centers, laboratories, and animal health facilities. 

El-When is it used? 
Use Cida-Rinse Gel between contact with patients or the public and 
whenever you return to your workstation. 
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Huntington~ Cida-Rinse@ 
brand 

Waterless Healthcare 
Personnel Antimicrobial 
Hand Rinse 
Kills germs, soothes the skin 

70% ethyl alcohol active 
ingredfent 

Provides proven infection prevention. Effective 
against viruses and Gram-positive and Gram- 
negative bacteria, including MRSA, VRE and 
Pseudomonas aeruginosa. 

Rapid antimicrobial action Immediate protection - kills germs within 
15 seconds. Lowers nosocomlal infections. 

One-step waterless No rinsing required. Saves on time, paper towel 
procedure costs. 

Convenient, economical Eliminates wasteful dripping of liquid. 
gel formula Saves money and clean-up time. 
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Registration: 

FDA OTC - Healthcare 
Personnel Hand Rinse 
NDC - 47593-264-00 

Microbiological: 

Actrve Ingredient: 70% ethyl 
alcohol antrmtcroblal agent 
proven effective against viruses, 
Gram-posrtive and Gram- 
negative bacteria, rncluding 
HIV, Herpes, MRSA and 
Pseudomonas aeruginosa. 

Color: 

Blue 
pH: 

NA 
Fragrance: 

Fresh and clean 
State: 

Gel 

Use temperature: 

\ \ Room temperature 
I  
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when there is simply no time or place to wash. 
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Apply 1 mL of ENDURE 300 C&-Rinse Gel onto hands and rub until dry, . 
Water is not required for rinsing. 540 ml soap cartridges can be placed’ in 
wall-mounted dispensers or left freestanding on countertops. Place 
the 800 mL bag-in-box refills directly into wall-mounted dispenser. 

ENDURE 300 Cida-Rinse Gel is designed for use in all settings where 
handwashing is not always possible. These include acute and sub-acute 
care facilities, long-term care facilities, clinics, beauty salons, dental 
offices, day care centers, laboratories, and animal health facilities. 

FE When is it used? 
Use ENDURE 300 Cida-Rinse Gel between contact with patients or the 
public and whenever you return to your workstation. 

Prove it to yourseE Ecokitr’s Professiar~al Pmducts 
Apply Endure 300 Cida-Rinse Gel and Divrsron focuses on healthcare and 
rub onto hands. Note the cool, soft feel. hygiene management. Our sales force, 
of moisturizers and the pleasant the largest in the industry, provides 
fragrance. Time the procedure - consultation, troubleshooting and 
it’s really quick. In-service training. We help you reduce 

chemical usage and labor costs, and 
Improve sanrtation/infection 
prevention. 

FOR EMERGENCY 
MEDICAL INFORMATION, 
CALL TOLL FREE: l-800-328-0026 

SAFETY REMINDER: Before using this or any other product or dispensing 
system, make sure your employees read and understand the /product label and 
Material Safety Data Sheet - these contain appropriate hazard warnings and first 
aid instructions 

PROFESSIONAL PRODUCTS DIVISION 
Ecolab Inc., 370 Wabasha Street, St. Paul, MN 55102 U.S.A. 
5105 Tomken Road, Mississauga, Ont. Canada L4W 2X5 
www.ecolab.com l-800-332-6522 
^ 1999 Ecolab Inc Printed in U S A 27772!8901!i299 
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Notes -from  call: 

Kills germs, soothes the skin 

70% ethyi aicohol acfive 
ingredient 

Provides proven infection prevention. Effective 
against viruses and Gram-positive and Gram- 
negative bacteria, including MRSA, VRE and 
Pseudomonas aeruginosa. 

Rapid antimicrobial action Immediate protection - kills germs- within 
15 seconds. Lowers noso’comial infections.’ 

One-step waterless 
procedure 

No rinsing required. Save5 on time and paper 
towel costs. _- 

Convenient, economical 
gel formula 

Eliminates wasteful dripping of liquid, 
Saves money and cleanhp time. 

Enriched with a balanced Provides protection against irritation. Maintains 
‘:. blend of moisturizers __ L ‘, skin’s natural oils and moisture levels without 
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Contamination of central venous catheters, The 
skin insertion wound is a major Source of 

contamination 
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Summary: In n ptoHpcctlve controlled trial we compared the rates of 
catheter-tip contammation in central venous catheters inmertcd with or 
without skin contact. The study was designed so thtrt each parlent was their 
own controi. Aii patients had a single-lumen central venous catheter and a 
Swan-Gantz sheet inserted through the #kin. A Swen-C;antz catheter was 
inserted and rctractcd through the sheet thus avoiding contact with akin or 
subcutaneous tissue. Catheter-tip cultures were pcrformad on rcmovall of 
catheters. Thirty-three Swsn-Ganrz catheters wycrc cultured snd all ~erc 
sterile. In the corresponding 33 shrrtn 16 (48.6%) yielded bactsrisl growth. 
Four of the sheets showrd growth of mom than 15 cfu. In the 26 xinglc- 
lumen chthetrrs, clght (30.8%) catheter-tips prcw bacteria, end four of them 
had more rhan 15 colonies. The ritudy supports the theory thnt the skin- 
uxercion wound is ti mqor source of cothrter-contnminatlon. 

f‘&yworrfs: Central venouIi cathcrers; catheter related acpais; bacterial con- 
raminntion. 

Introduction 

Contamination of central venous catheters ia a comm& pioblem in the 
intensive care unit, and several studies have reported contamination or 
colonization rates of carherers to range between 3.8% and ‘4*7‘!!0.‘~ Some 
studies have shown correlation between contamination of central venous 
catheters and scpticaemia, and incidence8 of catheter-associated septicaemia 
between 2~5 and 25% have been documented.“‘,’ 

Many factors may conttibute to the contamination of central: venous 
catheters. Bjernson et al. 1982’, Maki et al. i9773, and Snydman et al. 
1982b’ suggest that most catheter-related infections begin ES a local infection 
of the skin insertion wound. However, other studies implicate the catheter- 
administration set junction as an important source of bacterial con- 
tamination.‘, “8’ Recently, we have shown that the use of infusion-lines, even 

Crxrcapondmcc t\x Kim Cgcbo, Flintcbakkcn 99, 13K 8240 Rinskov, Dcnmnrk 
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Table I. Bacterial contamina~ron of catheur-tips 

Chthttcr type 

Sheet Swan-Gnntr. Single-lumen 
- - _- 

Sterile 18 
(No growth) (P-xOi) 
Broth enrichmrnt 10 

(Pqo,, 
2 

(<5 colomea) 
l-3 colonies 0 0 1 
4-14 ColonieH 2 0 I 
Contaminated 4 0 4 
(> 15 colonies) 
‘rotal 33 33 26 

Ytatixticu: crow tabulution (no cnntaminationlcontnmination). Sheet VS. 
smglu-lumen, not significant. 

Catheter type 

Y--_ - 
Sheet 

Nrr contaminltlon l-4 colonice 
Contaninntion 

Single-Lumen 
No contnmination l-4 colonies 
Conteminarion 

SWLMAhll tZ 
No contamination 

WI 

17 

12 

4 

18 4 
4 

33 

Time in rim 
(h) (N)’ 

Mean (SEM) 

38.6 (4.6) 49.0 (5.6) 
44.4 (14a2) 

57.9 (7.2) 61,9 (14.0) 
72.8 (0.9) 

30.6 (24) 

BreMka 

Mcr~n 

45 4 52.2 ‘E’ (is) 
62 3 (4.3) 

5.7 6.2 ;I’:;; 
h-5 (1.0) 

13 (Of)) 

The contamination rates for the catheters inserted with skin-contact 
(sheet and single-lumen), were significantly higher than the contamination 
rate for the Swan-Gantz catheters (no skin contact). There was no significant 
difference in contamination rates between sheets and single-lumen catheters. 
The statistical correlation in Table 1 is drawn between non-contaminated 
and significantly contaminated catheters. 

Table II shows the results of catheter-tip cultures related to the time the 
cathetkrs were in situ, and to the number of times the infusion-lines were 
broken during that time. No statistical correlation was found between 
time ilr situ and contamination, or between the number of breaks and 
contamination. 

Staphylococcus epidemidit was isolated from six of eight contaminated 
cathctetu, and the remaining two (sheet and single-lumen catheter from 
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have been r&de to determine ;he major source of catheter contamination. 
A recent Study,“’ performed by this group, concluded that even the heavy 
use of the infusion-lines, with multiple line breaks and infusions of blood 
and TPN, probably did not influence the contamination rates observed but 
indicated that the insertivn-wound was a major source of contamination. 
This study supports the view that contamination-rates are not influenced 
by breaking the infusion-line. We found no significant difference between 
contamination-rates for sheets and for single-lumen catheters, and yet the 
sheet infusIon-lines (Table II). 

It is noreworrhy that the Swan-Gantz catheters were all sterile. This 
suggests that the tips of the sheets were sterile when they were in situ, 
because retracting a Swan-Gantz catheter through a contaminated sheet- 
tip, would probably have resulted in at least some contamination. Thus, 
the sheet-tips must have been contaminated after retraction of the Swan- 
Gantz catheters, most likely when removing the sheet. 

The nature of the organisms isolated, (many S. epidermidis), together 
with the fact that the sheets most likely became contaminated during 
retraction, strongly suggests that the skin insertion wound was the source 
of contamination. Sacteria present in the insertion wound can, in time, 
migrate along the catheter and into the bloodstream. In rhis study the 
catheters remained in situ for a relatively short period, which may explain 
the absence of catheter-related sepsis. 

We conclude that the skin insertion wound is a major source of con- 
tamination of central venous catheters, and further studies on methods of 
reducing contamination would be of benefit. 

WC thank Dr Per So~a~rd und nr Jena Moller for their inkrent and cooperation, and for 
an exccllcnr bacteriolopicel Eetvicc. 
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Abstract 

Various members of the picornavirus family, adenovirus 2, papovavirus SV40, as well as 
rotaviruses were tested for inactivation of-infectivity by hand disinfectants formulated on 
the basis of ethanol. The inactivating effect of povidine-iodine (Betaisodona) on 
enteroviruses and rotaviruses was also investigated. The degree of inactivation by these 
disinfectants on the various non-enveloped viruses studied, however, was found unpredict- 
able. In fact, striking differences with the very same disinfectant existed even for members of 
one virus family. Isopropanol was inactive against enteroviruses. 

These findings are discussed from a theoretical point of view and practical implications 
are considered. 

. 

Disinfection of poliovirus I-contaminated hands by 80% (v/v) ethanol proved not very 
effective, despite encouraging results obtained in the suspension test. The load of rotavirus- 
contaminated hands, however, was substantially reduced by treatment with Desderman. A 
practical regimen can be proposed. 

Zusammenfassung 

Verschiedene Mitglieder der PicornavirusfamiIie, Adenovirus 2, Papovirus SV40 und 
Rotaviren wurden auf Inaktivierung ihrer Infektiosidt durch HHndedesinfektionsmittel auf 
der Basis von Ethanol untersucht. Der inaktivierende Effekt von Betaisodona auf Entero- 
und Rotaviren wurde such bestimmt. Der Grad der Inaktivienmg durch die untersuchten 
Desinfektionsmittel auf die verschiedenen nackten Viren erwies sich als unvorhersagbar. 
Selbst wenn dasselbe Desinfektionsmittel verwendet wurde, ergaben sich eklatante Unter- 
schiede der Inaktivierung fiir Mitglieder einer Virusfamilie. Isopropanol war gegeniiber 
Enteroviren inaktiv. 

Die Befunde werden im Hinblick auf unsere Kenntnisse der Virusstruktur diskutiert, 
desgleichen werden praktische Vorschliige unterbreitet. 

Die Desinfektion von Poliovirus-kontaminierten H&den durch 80% (v/v) Ethanol war 
wenig effektiv, obwohl im Suspensionstest ermutigende Resultate erzielt worden waren. 
Desderman reduzierte die nachweisbare Infektiosidt Rotavirus-kontaminierter Hznde 
erheblich unter fijr die Praxis geeigneten Bedingungen. 
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Introduction 

Inactivation of enveloped viruses presents little problems. A large number of lipid 
solvents and other agents destroys the infectivity of these viruses almost instantane- 
ously (22). A different matter is the inactivation of non-enveloped viruses, and only 
limited information is so far available on this topic. On the other hand, nosocomial 
infections with, e.g., rota-, picorna- or adenoviruses are quite common and may lead to 
serious disease with sometimes lethal outcome (2, 6, 16, 17, 24, 26). It is also estab- 
lished that handwashing alone is often insufficient to free contaminated hands from 
virus (8,23). In fact, on the basis of detailed experimental studies with polioviruses we 
have proposed the hypothesis that the tenacity of picornaviruses on skin may be the 
result of a special evolutionary process (23). At least the ease of horizontal spread of 
enteroviruses even under conditions of “high-standard hygiene” is more readily under- 
stood. 

It is, therefore, of considerable medical .importance to have available disinfectants 
with fast effectsagainst non-enveloped viruses, which can also be applied to skin. 
Accordingly, we have tested alcohols and some alcoholic disinfectants on some rep- 
resentatives of non-enveloped virus groups in a suspension test. It seemed relevant for 
evaluation to follow the inactivation kinetics of virus infectivity, at least on a limited 
basis. Thus, unsuitable agents can be excluded. It appeared also desirable to supply 
further data whether test results obtained with one representative of a virus group 
would also apply to other members of the same group.,Finally, 2 disinfectants found 
effective in the suspension test were used to disinfect poliovirus- or rotavirus-infected 
hands. 

Material and Methods 

Viruses 

Poliovirus type 1 (Mahoney), type 2 (MEF,), echovirus type 12 (Travis), and reovirus 
type 3 (Dearing) were described before (Y), as well as echovirus type 11 (Pon) and papo- 
vavirus SV40 (777) (22). D. Moldenhauer, Erlangen, FRG, kindly supplied coxsackievirus 
type 4, strain Erlangen. Adenovirus type 2 (adenoid 6) was a gift of R. Wigund, Homburg, 
FRG. Vacciniavirus (Elstree) was obtained from E. K. Kuwert, l&en, FRG. R. G. Wyatt, 
Bethesda, MD, USA, kindly provided rotavirus strain Wa, A. Deb, Rixensart, Belgium, 
rotavirus, strain RIT 4237. 

Ceil cultures 

GMK, HeLa, and CV-1 cells were described before (22). Ma 104 cells (25) were obtained 
from R. G. Wyatt, Bethesda, MD, USA. 

J. Hilfenhaus, Marburg, FRG, kindly provided the Vero cells (29). 

Virus propagation and infectivity assays 

Enteroviruses were grown and titrated (plaque assay) in GMK cells (5). Rotaviruses and 
reovirus 3 were grown and assayed in Ma 104 cells (28). Rotavirus, strain Wa, and reovirus 
3 were titrated by plaque assay (27), rotavirus, strain RIT 4237, by a quanta1 assay in tubes. 
Adenovirus 2 was propagated and assayed in HeLa cells, either by plaque assay (22) or by a 
quanta1 test in tubes. The propagation and plaque assay of SV40 in CV-1 cells has been 
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described before (22). Vacciniavirus was grown in Vero cells. Titration was done in tubes by 
a quanta1 test. The 50% endpoint of infectivity in all quanta1 tests was calculated by the 
method of Reed and Muench (19). 

1. 
2. 
3. 

4. 

5. 

6. 

Disinfectants 

The following substances were used. 
lsopropanol, z.A., Merck, Darmstadt, FRG 
Ethanol, absolute, “Baker Analyzed”, J. T. Baker Chemicals B.V., Deventer, Holland 
“V”, Krueger GmbH, Bergisch Gladbach, FRG. 
Contents: ethanol, absolute 95,O g 

glycerol 4.0 g 
ricinus oil l.Og 

VP 1, J. Hoeffler, Hamburg, FRG. 
Contents: ethanol, 80% (w/w) 96.0 g 

choline dodecyl sulfonate 2.og 
citric acid 2.0 g 

Desderman, Schiilke u. Mayr, Norderstedt, FRG. 
Contents: ethanol, VS,3% (v/v) 78.2% (w/w) 

2,3,4,5-tetrabrome-6-methyl phenol 0.1% (w/w) 
excip. ad sol. 

Betaisodona Losung standardisiert, Mundipharma GmbH, Limburg, FRG. 
Contents: poly (I-vinyl-l-pyrrolidone)-iodine complex . 10% (w/v). 

Suspension test 

Before the final proposal of the method recommended by the Bundesgesundheitsamt and 
the Deutsche Vereinigung zur Bekimpfung der Viruskrankheiten (DW) (20) we used in the 
experiments with isopropanol and ethanol (Tables l-6) a slight modification of the proce- 
dure, viz. 1 part of virus suspension was mixed with 14 parts disinfectant in a test tube. 
Later on (Tables 7-20), we followed exactly the procedure described by the Richtlinien (20), 
i.e. 1 part of virus suspension was mixed alternatively with 1 part of aqua bidestillata, with 
1 part of fetal bovine serum (FBS), or with 1 part of 2% bovine serum albumin (BSA). Then 
8 parts of disinfectant were added to the test tube, and the contents were rapidly mixed.This 
was considered time zero of the inactivation time. At indicated times aliquots of the mixture 
were drawn and diluted immediately into ice-cold phosphate-buffered saline (PBS) (4). A 
virus control was included in each experiment using distilled water instead of disinfectant. 

The experiments were carried out in a water bath of 20+0.1 “C with reactants adapted to 
this temperature. 

The concentrations of disinfectants indicated in the Tables refer to initial concentrations 
before mixing with virus and distilled water (FBS, or BSA). If no concentration is listed the 
disinfectant was used undiluted. 

Rigorous controls for cytotoxic effects of the disinfectants were carried out (22). Tests for 
cytotoxicity in the tube tests were performed analogously to those described for the plaque 
test, i.e. besides evaluation of cell morphology in tubes inoculated with the corresponding 
concentrations of disinfectant also virus titrations were carried out in the presence of the 
relevant concentrations of disinfectant. Only concentrations of disinfectant not interfering 
with normal development of viral cytopathic effects were considered. 

Hand tests 

Thirty minutes prior to an experiment, a subject’s hands were neither washed nor disin- 
fected. Virus suspension (0.5 ml) was pipetted onto the subject’s left palm and distributed 
with washing movements over the entire surface of both hands, wrists excluded. For this, 90 
seconds were allowed, followed by a pause of 30 set to let the suspension completey dry. 
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For recovery of virus from the hands, they were rinsed with washing and rubbing move- 
ments in 200 ml cold PBS in a glass Petri dish (diameter 20 cm) for S min. 

The washing fluid and the virus suspension used for contamination of hands were titrated 
for infectivity and the proportion virus recovered was calculated. 

For disinfection with ethanol (Table 21) the poliovirus-contaminated hands were rubbed 
twice for PO set with 2.5 ml each time. Subsequently, virus was recovered and titrated as just 
described. 

Disinfection with Desderman of rotavirus-contaminated hands (Table 22) was carried 
out with 3 ml disinfectant for the time indicated. In case of the 3x1 min application of 
Desderman 3x3 ml were used. Virus recovery was performed as described above. 

Results 

I Effects of various virus disinfectants in the suspension test 

In a first series of experiments the inactivation effects on infectivity of several non- 
enveloped viruses by some disinfectants were tested in the suspension test. Though we 
are fully aware of the limitationsbf results obtained in a suspension test, particularly 
when compared with the efficacy of disinfectants on hands or other surfaces (7,22) 
such studies may serve to exclude ineffective agents. 

As shown in Table 1 isopropanol even in high concentrations has no effect on the 
infectivity of poliovirus 1 and echovirus types 11 and 12 after exposure for 15 min. 
This argues against the recommendation to use 70 per cent isopropanol for inactiva- 
tion of picornaviruses (13) and agrees with results reported earlier (14): 

Ethanol, on the other hand, in high concentrations, exhibits inactivating activity on 
poliovirus 1 and echovirus types 11 and 12 (Table 2). The effect of ethanol (80 and 

I Table 1. The infectivity of enteroviruses is not affected by various concentrations (v/v) of 
isopropanol within IS min 

Virus control 
0’ 15’ 

Isopropanol, 15’ 
60% 70% 80% 90% 

Poliovirus 1 2.4 x 10’*2.0 x 10’ 1.8 x 10’ 1.1 x 10’ 1.4x 10’ 1.6 x 10’ 2.4 x 10’ 
Echovirus 11 2.8 x lo6 2.4 x lo6 2.4 x lo6 1.7 x lo6 2.0 x lo6 1.8 x lo6 2.4 x lo6 
Echovirus 12 . ,4.S x lo6 4.2 x lo6 4.8 x lo6 5.0 x lo6 4.1 x lo6 3.4 x lo6 3.7 x lo6 

* PFU 

I 
Table 2. Effect of various concentrations (v/v) of ethylalcohol on the infectivity of entero- 
viruses 

Virus control Ethanol, 15’ 
0 IS’ SO% 60% 70% 80% 90% 

Poliovirus 1 1.5x107’1.5x107 15x10’ 1.8~10’ 2.0~10~ 3.0~1~ - 
Echovirus 11 3.4 x 10” 3.7x lo6 2.0x lo6 1.6x lo5 5.5 ~‘10~ 8.0x 10’ 8.0x 10’ 
Echovirus 12 3.9 x lo6 2.8 x lo6 5.3 x lo-’ 1.4 x 10s 1.2 x 10’ 4.5 x 10’ < 0.5 X 10’ 

* PFU 
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Table 3. Inactivation of poliovirus 1 by ethanol (80% and 90% v/v) over time 

min 
0 1 2 5 10 15 

Virus control 2.9 x lo’* 2.3 x 10’ 
Ethanol, 80% 1.8 x lo6 2.0x lo4 2.3 x lo3 2.7x 10’ 1.2x 10’ 
Ethanol, 90% 2.2x 102 5.5 x 10’ 2.5 x 10’ 1.5 x 10’ 3.0 x 10’ 

* PFU 

Table 4. Effect of various concentrations (v/v) of ethanol on the infectivity of adenovirus 2 
over time 

min 
0 1 2 5 1s. , 

Virus control 6.2 x 10’” 7.0 x 105 
Ethanol, 60% 1.3x105 2.9 x lo4 6.6 x 102 < 0.5 x 10’ 
Ethanol, 70% 2.4 x lo4 4.4 x 103 3.5 x 10’ co.5 x 10’ 
Ethanol, 80% 2.2 x lo4 9.5 x 102 <0.5x10’ <0.5x10’ 
Ethanol, 90% 2.6 x lo4 1.9 x 103 < 0.5 x 10’ < 0.5 x 10’ 

* PFU 

Table 5. Effect of various concentrations (v/v) of ethanol on the infectivity of reovirus 3 over 
time 

90%) on p 
that 90% e 
Interesting! 
ethanol ret 
t ime flabI, 
(strain Wa 

Another 
found effec 
(FBS) (109 
tration) die 
virus is ra: 
representa 
inactivates 
of rota+ 
almost 10’ 

Table 7. Ir 

Virus cant 
“V” + A. 

+ FE 
+ BS 

* PFU 

min 
0 1 2 5 10 15 . 

Table 8. I 

Virus control 4.2x1@” 11.5x ld 
Ethanol, 50% 19.5 x 10s 
Ethanol, 80% 4.7 x 10’ 3.0 x 10’ 
Ethanol, 90% <0.5x102 <0.5Xld <0.5x10* <0.5x1@ <0.5X10Z 

l PFU 

Table 6. Inactivation of rotavirus (strain Wa) by various concentrations (v/v) of ethanol 

Time Virus 
(min) control 20% 40% 60% 90% 

0 1.1 x ld 
1 1.0 x 10s 7.8 x lo4 < 1.0 x 10’ <1.0x10’ 
2 1.1 x 105 1.1 x 10s 8.4 x 10’ < 1.0 x 10’ <1.0x10* 

* TCID,, 

Table 9. 

Virus co1 
“V” -I- 2. 

* PFU * TCID- 
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90%) on poliovirus 1 has been studied in some more detail (Table 3). It can be seen 
that 90% ethanol (v/v) reduces the infectivity of the virus about 10’ fold within 1 min. 
Interestingly enough, adenovirus 2 appears to be slightly more resistant, though 80% 
ethanol reduces its infectivity below detectable levels (factor 10’) by 5 min exposure 
time (Table 4). Reovirus 3 is rapidly inactivated by 90% ethanol (Table 5), rotavirus 
(strain Wa) even by 60% ethanol within 1 min (Table 6). 

Another disinfectant with an eth 

representative of the papovavirus family, SV~O, appears, unlike poliovirus, only slowly 
inactivated, and at most by a factor of 10’ after 15 minutes (Table IO). The infectivity 
of rotavirus, on the other hand, is rapidly inactivated below detectable levels (factor 
almost 10”) (Table 11). 

Table 7. Inactivating effects of disinfectant “V” on the infectivity of poliovirus 1 

min 
0 1 2 3 5 

Virus control 1.0 x 10” 1.0 x 10’ 
“V” + A. bidest. 2.0 x 103 3.6 x lo3 2.0 x 102 2.0 x 102 

+FBs 15x103 2.0 x lo2 1.9 x lo2 1.3 x 102 
3.7 x 103 10’ 1.4 10:. + BSA 2.6 x x 7.0 x 10’ 

* PPU 

Table 8. Inactivating effects of disinfectant “V” on the infectivity of vaccinia virus 

min 
2 5 

Virus control ‘1.8x1@*’ 
“V” + A. bidest 53.2~30~ 53.2~30’ 

* TCIDSo 

Table 9. Effects of disinfectant “V” on the infectivity of adenovirus 2 

min 
0 1 2 3 5 

Virus control 3.2 x 10” 3.2 x 10’ 
“V” + A. bidest. 0.5 x 103 2.0 x 10’ 2.0 x ld 6.0 x lo2 

* TCIDSo 
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Table 10. Effects of disinfectant “V” on the infectivity of SV40 Table 

0 1 2 3 5 15 

Virus control 1.2 x 10” 8.5 x lo6 
“V” + A. bidest. 2.8 x 10’ 6.5~10~ 4.3~10~ 2.6~10~ 2.8~10~ 

+ FBS 1.5 x 105 1.1 x 10’ 1.4 x 10s 5.0 x 104 2.4 x 10’ 
+ BSA 1.9 x 105 1.3 x 10’ 2.9~10~ 2.7~10~ 1.2 x 10’ 

+ PFU 

Table 11. Inactivating effects of disinfectant “V” on the infectivity of rotavirus, strain RIT 
4237 

min 
0 1 2 3 5 

Virus control 1.0 x 106* 1.8 x 106 
“V” + A. bidest. <3.2x10° <3.2x10’ 53.2~10” <3.2x10’ 

+ FBS ~3.2~10’ <3.2x10’ c3.2~10~ <3.2x10’ 
+ BSA s3.2x10° ~3.2~10~ <3.2x10’ 43.2~10’ 

’ TCIDso 

A further alcoholic disinfectant, VPl, has also been investigated with members of 
non-enveloped virus families. As can be seen in Table 12, the infectivity of poliovirus 1 
is inactivated almost instantaneously by the factor 10’. The inactivating activity ap- 
pears slightly impaired by the presence of FBS. Adenovirus 2 (Table 13) and SV40 
(Table 14) are likewise inactivated within 1 minute below detectable levels, as is 
rotavirus (Table 15). 

The virus-inactivating effects of the alcoholic disinfectant Desderman on a wide 
array of non-enveloped and enveloped viruses has been described previously (22). AS 

shown in Table 16, Desderman also rapidly inactivates the infectivity of rotavirus, and 
the inactivation kinetics does not appear affected by the presence of proteins (data for 
BSA not shown). By lowering the concentration of Desderman by the factor of 0.625, 
the inactivating effect on rotavirus seems unimpaired. However, a further reduced 
concentration (factor 0.125) is practically ineffective (Table 16). 

Table 12. Inactivation of poliovirus 1 by VP1 

min 
0 1 2 3 5 

Virus control 7.5 x 106’ 6.5 x lo6 
VP1 + A. bidest. <&5X102 <0.5x102 <0.5x102 <o.5x10z 

+ FBS 1.7 x 10) 1.0 x 102 0.5 x ld 0.5 x 10’ 
+ BSA <0.5x102 <0.5x102 <0.5x102 <o.5x102 

l PFU 
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i Table 13. Inactivating effects of VP1 on the infectivity of adenovirus 2 

min 
I 2 I 
1 

Virus control 3.2 x 104’ 1.8 x 10’ I 
VP1 + A. bidest. i3.2~10’ ~3.2~10~ ~3.2~10’ %3.2x10’ 

+ FBS ~3.2~10’ ~3.2~10’ 13.2~10’ ~3.2~10’ I 

I + BSA ~3.2~10’ ~3.2~10’ 13.2~10’ ~3.2~10’ 

I Table 14. Inactivatine effects of VP1 on the infectivitv of SV40 f 

min 
0' 1 

Virus control 1.2 x 106) 1.7x 106 
VP1 + A. bidest. <0.5x10* <0.2x10* <0.5x10* <0.5x10* 

+ FBS <05x10* <0.5x10* <o.5x101 <O.SXld 
I + BSA <0.5x10* <0.5x10* <0.5x10* <0.5x10* 

Table 15. Inactivating effects of VP1 on the infectivity of rotavirus, strain RIT 4237 

rhin 
0 1 2 3 5 I 

Virus control 5.6 x 105* 5.6 x 16 
VP1 + A. bidest. 53.2~10’ 13.2~10’ 13.2~10’ 53.2~10’ 

+ FBS _(3.2xlO’ cr3.2~10’ r3.2~10’ 53.2~10’ 
+ BSA 13.2~10’ 53.2~10’ ~~3.2~10’ 53.2x 10’ 

I * TCIDSo 
I 

Table 16. Inactivating effects of Desderman on the infectivity of rotavirus, strain RIT 4237 

min 
0 1 3 5 

Virus control 1.8 x 106* 1.8 x lo6 
Desderman 100% + A. bidest. 13.2x10’ r3.2~10’ 13.2~10’ 

+ FBS 13.2~10’ %3.2x10’ 53.2~10’ 
Desderman 62.5% + A. bidest. 13.2~10’ 53.2~10’ 53.2~10’ 

+ FBS 53.2~10’ 53.2~10’ 13.2~10’ 3 
Desderman 12.5% A. bidest. 1.8 x 106 5.6x16 5.6 x 10’ 

+ FBS 3.2 x lo6 5.6 x 10s 5.6 x 10’ 

* TCID,, 
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The iodine-containing disinfectant Betaisodona was also tested against rotavirus. 
Concentrations as low as 0.1% inactivated the virus below detectable infectivity within 

Table 17. Inactivation of rotavirus, strain RIT 4237, by Betaisodona 

min 
0 112 1 2 S 

Virus control 3.2 x 106’ 5.6 x 10” 
Betaisodona 10% 

+ A. bidest. 53.2 x 10' 53.2x 10' 53.2x 10’ 
+ FBS 33.2x10' 
+ BSA 

53.2x10' 13.2x10' ~~3.2~10' 
53.2~10’ 53.2x10’ 53.2~10’ 13.2~10’ 

Betaisodona 1.0% 
+ FBS 
+ BSA 

53.2~10' 53.2~10" 
53.2~10' 53.2~10' 

Betaisodona 0.1% 
+ A. bidest. r3.2~10' 53.2~10' 53.2~10' 53.2~10~ 
+ FBS 5.6 x lo4 5.6 x lo4 1.8x ld 
+ BSA 

5.6 x lo4 
1.8 x 105 1.8 x 10’ 1.8XlOS 1.8 x 105 

Betaisodona 0.01% 
+ A. bidest. 1.8 x lo6 5.6~10’ 

* TCIDJo 

Differing disinfecting activity vs. various members of the same virus family 

For obvious technical reasons only a very limited number of viruses can be selected 
to be tested against specified disinfectants (20). Wehave previously presented evidence 
that significant differences might occur with’members of the same virus family, even 
with various strains of the same virus type (22). This finding has now been further 
substantiated. 

It is obvious from Table 2 that echovirus types 11 and 12 are more sensitive to the 
disinfecting activity of 70% ethanol than poliovirus 1. Poliovirus 2, strain MEF, 
appears more sensitive to Betaisodona than poliovirus 1, strain Mahoney (Table 18), 
whereas echovirus 12, Travis, is rapidly inactivated below detectable level (factor 
> 10’) (Table 18). A likewise striking example concerns the differeni sensitivities of 
poliovirus 1, strain Mahoney, and echovirus 11, strain Porz, respectively, versus disin- 
fectant “V” (compare Tables 7 and 19). 

Furthermore, echovirus types 11 (strain Pon) and 12 (prototype Travis) are signifi- 
cantly more resistent to disinfectant VP1 (Table 20) than poliovirus 1 (Mahoney) (see 
Table 121, particularly in the presence of proteins. A strain of coxsackievirus B4 
(Erlangen), on the other hand, appears rapidly inactivated below detectable infectivity 
levels (Table 20). 

Table 18. 
virus 2, Iv1 

Poliovirus 
Virus cant 
Betaisodor 

+ A. bit 

Poliovirus 
Virus Cant 
Betaisodor 

+ A. bit 

Echovirus 
Virus cant 
Betaisodor 

+ A. bit 

* PFU 

Table 19. 

Virus cant 
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+ BS 
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Table 18. Different inactivating activity of Betaisodona on poliovirus 1, Mahoney, polio- 
virus 2, MEF,, and echovirus 12, Travis 

min 
0 10 20 30 40 

Poliovirus 1 
Virus control 6.5 x 106, 6.0 x 106 
Betaisodona 1 .O% 

+ A. bidest. 4.5 x 10s 2.0 x 102 <o.5x102 0.5 x 102 
0.1% 6.5 x 105 6.5 x lo4 8.5 x 10’ 1.5 x 10’ 

Poliovirus 2 
Virus control 2.5 x 106 2.45 x lo6 
Betaisodona 1.0% 

+ A. bidest. 1.2x103 <0.5x10’ <0.5x10’ <0.5x10’ 
0.1% 3.5 x 104 1.7 x 102 2.0 x 10’ <0.5x 10’ 

Echovirus 12 
Virus control 1.5x106 I 1.2 x 10” 
Betaisodona 1 .O% 

+ A. bidest. <0.5x102 <0.5x102 <0.5Xld 
0.1% <0.5x10’ <0.5x10’ <0.5x10’ 

’ PFU 

Table 19. Effects of disinfectant “V” on the infectivity of echovirus 11, strain Porz 

min 
0 1 2 3 5 

Virus control 2.8 x 107, 3.9 x 10’ 
“V” + A. bidest. 2.4 x 10’ 2.4 x 10’ 1.7 x 104 3.2x lo3 

+ FBS 2.7 x 10’ 2.1 x 105 8.5 x 10’ 3.7x 103 
+ BSA 2.7 x 10’ 2.3 x 10’ 1.4 x 104 1.4x 103 

* PFU 

Eighty %  ethanol was shown in the sus 
P 

ension test to reduce the infectivity of 
poliovirus 1 within 2 min by the factor 10- (Table 3). In the light of our previous 
experiments (22, 23) and for practical purposes it seemed relevant to determine the 
disinfecting capacity of 80% ethanol with poliovirus I-contaminated hands. After 
application of the virus (see Methods) the hands were rubbed twice carefully with 2.5 
ml of the alcohol each time. For control the recoverability of virus from untreated 
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Table 20. Different inactivating activity of VP1 on the infectivity of echovirus 11, Porz, 
echovirus 12, Travis, and coxsackievirus B4, Erlangen 

min 
0 1 2 3 5 

Echovirus 11 
Virus control 2.5 x 10’1 9.5 x 106 
VP1 + A. bidest. 5.5 x 104 1.5x102 <0.5x1oa <0.5x1oa 

+ FBS 5.2 x lo6 3.1 x 106 1.0x 106 6.7 10’ x 
+ BSA 2.3 x lo6 7.5 x 104 1.0 x 104 1.3 103 x 

Echovirus 12 
Virus control 3.7 x 10” 2.6x 106 
VP1 + A. bidest. 2.5 x lo4 1.8 x lo4 2.6 x lo3 1.2 x 102 

+ FBS 7.0 x 105 3.0 x 105 2.2 105 x 8.0 lo4 x 
+ BSA 3.2 x 10’ 1.2 x 10’ 7.0 104 x 1.2 104 x 

Coxsackievirus B4 
Virus control 3.1 x 105 2.4 x 10’ 
VP1 + A. bidest. 0.5 x 102 < 0.5 x 102 < x 102 0.5 < 0.5 x 102 

+ FBS 2.5 x lo2 < 0.5 x 102 <0.5X102’ <0.5x102 
+ BSA 0.5 x 102 <0.5x102 <0.5x102 <0.5x102 

* PFU 

Table 21. Recovery of pohovirus 1, Mahoney, from untreated hands and from hands 
disinfected with 80% (v/v) ethanol 

Poliovirus Subject Control Ethanol Percent recovered 
applied No. ethanol/control 

8.75 x IO’” 
1 3.0 x 10’ (34%)” 
2 2.8 x 10’ (32%) 

4.5 x 106 (5.1%) 14.9% 

3 2.9 x 10’ (33%) 
7.5 x 106 (8.6%) 
1.5 x 10’ (17.1%) 

26.8% 
52.5% 

* PFU 
l * Percent recovered 
Poliovirus-contaminated hands were rubbed 2~ for 90 set with 2.5 ml ethanol each time 

design. But we should like to stress that in our judgement slight experimental changes 
might change the tip of the balance, i.e., 
disinfectant vs. poliovirus. 

80% ethanol does not appear a safe hand 

Undiluted Desderman was demonstrated to inactivate rotavirus in the suspension 
test by the factor of about 10’ within 1 min (Table 16). Since disinfection of rotavirus- 
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contaminated hands is of considerable practical importance (1, 15), we tested the 
efficacy of Desderman. 

In preliminary tests it was shown that about 20% of rotavirus strain RIT 4237 could 
be recovered from contaminated hands after rubbing about lo6 to 10’ infectious units 
into both hands (see Methods). 

For disinfection virus-contaminated hands were rubbed with 3 ml of undiluted 
Desderman for various lengths of time: 5 min, 3 min and 1 min, respectively. The 
results are presented in Table 22. A 5 min treatment reduced recoverable infectivity on 
the average about 350 times as compared to the control. The best effect amounted to 
0.014% or less, the least to 0.83% (factor about 120). The average efficacy of a 3 min 
treatment appears somewhat less (factor about 170), though the variability of the 
results must be considered. 

A 1 min treatment (Table 22) could also be quite effective, but in one out of the 4 
subjects tested with this regimen the result was poor (18.2%). A 3x1 min treatment did 
not seem strikingly better than a 3 mm treatment (Table 22), though in the first 
situation-each time 3 ml disinfectant had been used: thus the total amount of disinfec- 
tant was 3 times greater than in the standard test. 

Table 22. Efficacy of disinfection under various conditions with Desderman of hands conta- 
minated with rotavirus, strain RIT 4237 

Duration of disinfection 
5 min 3 min 3X1 min 1 min 

percent 

5 0.014* 0.041 0.14 5 0.012 
5 0.026 0.14 0.1s IO.019 

0.028 0.36 0.20 2.3 
0.30 0.36 0.27 18.2 
0.33 0.76 0.68 
0.51 1.90 1.58 
0.83 

Average 5 0.291 

l Percent recovered DesderrnanIcontrol. Each figure refers to a different subject 
Note: about lo6 to 10’ infectious units were applied to the hands. The average recovery of 
virus in the control was 20.1% 

Discussion 

As stated in the introduction relatively little is known on inactivation and inactiva- 
tion kinetics of non-enveloped viruses by disinfectants. At least in part this is due to the 
difficult and costly methodological problems. Pioneering work with brilliant theoreti- 
cal considerations has been done by Sven Gard and his group on the occasion of the 
development of the inactivated poliovirus vaccine (10). This, however, concerned inac- 
tivation of poliovirus infectivity by formaldehyde, a substance for various reasons 
unsuitable for application to skin. 

. . 
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/. M. Gruultney and coworkers did important work on the spread of rhinoviruses by 
skin to skin contact and its prevention by virucidal compounds (3, 11, 12). In recent 
years Sattar’s group studied the survival of rotaviruses on hands and its transfer to skin 
and stainless steel surfaces (1). Their results indicate the potential vehicular role for 
human hands in the spread of rotaviral infections, as shown previously in many studies 
on epidemiological grounds (see, e.g., 6, 15). However, thorough work on the effec- 
tiveness of disinfection of rotavirus-contaminated hands was still lacking. The import- 
ance of nosocomial and sometimes lethal picornavirus infections must also be stressed 
(16, 17, 24). 

Work done over the last decade in our laboratory and by several others strongly 
emphasized the need for carefully controlled and highly standardized experimental 
conditions, actually a truism in experimental medicine. However, standardization for 
testing virucidal agents at least in the suspension test (20) on an international level 
materializes only slowly. The present work was done to assemble essential data on 
some alcoholic and one iodine-containing disinfectant to provide a basis for a critical 
discussion of standardized suspension tests. We further extended our work on disinfec- 

poliovirus 1, reovirus 3 and rotavirus rather fast (Tables 3,5,6). Adenovirus 2 appears 
relatively resistant (Table 4). Adenovirus 2, a naked virus, was reported by Klein and 
Deforest (14) to be inactivated in a suspension test similar to enveloped viruses. The 
present data and previous results with adenovirus 5 and Desderman (22) do not 
support this finding. 

Another alcoholic disinfectant tested in the present series, viz. ‘5” containing gly 
cerol, appeared likewise not very effective against adenovirus 2 (Table V), though 
considerably potent against poliovirus 1 (Table 7). Lastly, disinfectant VP1 (containing 
the tensid choline dodecyl sulfonate and citric acid) inactivated adenovirus 2 within 1 
min below detectable infectivity (Table 13). 

The papovavirus SV40 was readily inactivated by VP1 (Table 14), however consid- 
erably resistant to “V” (Table 10) and, as reported before, to Desderman (22). 

Ready inactivation of rotavirus infectivity was achieved by all disinfectants tested in 
this series, by 60% ethanol (Table 6), by “V” (Table ll), VP1 (Table 15), Desderman 
(Table 16), and Betaisodona (Table 17), a finding of practical importance (see also 21). 

Our understanding of the physicochemical basis of virion integrity is still much too 
incomplete to allow predictions as to the effects of certain groups of virucidal chemi- 
cals on viral infectivity. As demonstrated in this paper various disinfectants with an 
ethanol base affect the infectivity of a single virus, e.g. adenovirus 2 or SV40, quite 
differently, depending on additional components. Furthermore, the very same virucidal 
agent affected the representatives of various groups of naked viruses differently, and as 
yet unpredictively. 

It appears that in regard to susceptibility to disinfectants the structural diversity of 
nonenveloped viruses is all in all greater than that of organisms such as bacteria, 
though we are aware of the limitations of such a broad statement. Enveloped viruses 
the infectivity of which is readily inactivated by destruction of the lipid-containing 
membrane, react almost uniformly, as one would expect. 

A problem of considerable concern is the variability of various members of a single 
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virus family as to the susceptibility to the very same disinfecting agent. Striking examp- 
les were presented in the result section. Analogous to the situation just discussed for 
members of various virus groups predictions appear not possible. E.g., 70% ethanol 
inactivates echovirus types 11 and 12 significantly, but hardly poliovirus 1. On the 
other hand, the inactivating effects of VP1 vs. poliovirus 1 are in the order of lo’, and 
also coxsackievirus B4 is rapidly inactivated, whereas the echoviruses tested are signifi- 
cantly resistant, particularly in the presence of fetal bovine serum. Furthermore, 0.1% 
Betaisodona hardly inactivates poliovirus 1, Mahoney, within 10 min (Table 18), but 
the infectivity of echovirus 12, prototype Travis, is reduced below detectable levels 
(factor > 105) within the same period of time (Table 18). It follows that a rational 

. . . P 

against pathogenic vj iuses.commonly present in certain settings must be the practical 
compromise. 

Following a standard protocol for the suspension test is of utmost importance. We 
have earlier presented data on the significance of parameters like virus-disinfectant 
ratio, reaction temperature, and serum protein load (22). Variation of one of these 
parameters alone may alter the results dramatically, ranging from no effect on virus 
infectivity to inactivation over 4 orders of magnitude. We have substantiated these 
results in the present investigation (data not shown). However, it turned out informa- 
tive to use at least 2 proteins to study the effect of serum protein load. Striking 
differences may become apparent (see e.g. Table 20). 

Determination of inactivation kinetics over a certain time seems a necessity. A 
“curved” inactivation kinetics with a faster initial, and slower ensuing phase, often 
finally leveling off, appears almost a rule. The physicochemical problems involved were 
discussed by Gard (10). Therefore, depiciting only the time required for inactivation 
over a certain order of magnitude, e.g. reduction of infectivity by the factor of 100 or 

methodological 
to say here that 

I  I  .  

the amount of infectious virus particles still on hands after washing or disinfection 
cannot be determined directly, This would require sampling periods in the order of 
hours. Furthermore, since poliovirus I, and possibly many other viruses, stick to skin 
with greatly differing strength of binding after washing, the same effort of sampling 
may yield different fractions of the virus still on the skin, fractions the size of which is 
not known. 

t dav the recover-v fter treatment with 
disinfectant was determined: The ratio or’ recovery rate: disinfectant over control was 
used as a measure of efficacy of disinfection. 

For disinfection of poliovirus l-contaminated hands 80% ethanol was little effective 
(Table 21), despite substantial activity in the suspension test (Table 3). This discre- 
pancy has been described and analyzed before (22). Besides possible “sheltering” 

4 Zbl. Bakr. 273/l 
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effects of the skin evaporation of the alcoholic disinfectant may play a significant role. 
It has, however, likewise been observed with an aqueous iodine solution against 
rhinovirus type 29 on skin (fingers) (3). 

Quite satisfactory results were obtained with Desderman against rotavirus on hands 
(Table 22). It should be pointed out that the recovery rate of rotavirus in the control 
experiments was fairly constant 20%. Drfferences in efficacy of disinfection within the 
same group, e.g. 5 min of disinfection, were due to variation in the amount of virus 
recovered after application of Desderman. The reasons for the different efficacies with 
the various subjects are not yet known. Studies are in progress to determine whether it 
is influenced in a systematic fashion by the individual. 

Effective disinfection was achieved in practical periods of time. Even a 1 min treat- 
ment could be effectrve, but apparently it is too short to reach a certain margin of 
safety. 

It is of interest that a 3x1 min treatment was not significantly more effective than a 3 
min treatment, although in the first case a j-fold amount of disinfectant had been 
applied. This finding appears to weaken the argument that evaporation might be a 
significant factor in this situation, as discussed above. It is, nevertheless, obvious that 
the suspension test also in this case yields more optimistic results than those achieved 
with disinfection of hands. However, a striking reduction of rotavirus on skin appears 
feasable and may contribute to the control of nosocomial rotavirus infections. 
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Spectrum of Clinical Illness in Hospitalized Patients with “Common Cold” 
Virus Infections 

Hana M. El-Sahly,’ Robert L. Atmar,‘l Departments of ‘Medicine, lMole~lar Vklogy and Microbiology, 
William I? Glezen,%’ Stephen B. Greenberg,13 and ‘Pediatrics, Baylor College of Medicine, Houston, Texac 

The viruses associated most frequently with the “common cold” are rhinoviruses and co- 
ronaviruses. The Erst prospective cohort study to determine the prevalence of rhinovirus and 
corona&us infections in patients of all ages hospitalized for acute respiratoqy illnesses is 
described. Hospital admissions for acute respiratory illnesses were identified, and cell culture 
for rhinovirus and serologic assays on paired sera for coronaviruses 229E and OC43 were 
performed. A total of 61 infections with rhinoviruses and coronaviruses were identified from 
1198 respiratory illnesses (5.1%); in addition, 9 additional infections associated with a1 other 
respiratory viruses were identified. Of those infected with only rhinovirus or coronavirus, 
underlying cardiopulmonary diseases were present in 35% of the patients aged <5 years, in 
93% aged between 5 and 35 years, and in 73% aged >35 years. The predominant clinical 
syndromes varied by age: pneumonia and bronchiolitis in children aged ~5 years;exacerbations 
of asthma in older children and young adults; and pneumonia and exacerbations of chronic 
obstructive pulmonary disease and congestive heart failure in older adults. Therefore, rhi- 
novirus and coronavirus infections in hospitalized patients were associated with lower res- 
piratory tract illnesses in all age groups. 

Rhinoviruses and coronaviruses are the most frequently iden- 
tified causes of the “common cold” syndrome [l-3]. Rhinovi- 
ruses are member? of the Picornaviricfae family and were first 
identified in 1956 [4]. Since then, >lOO different serotypes have 
been identified [5]. Human coronaviruses, members of the Co- 
ronaviridae famdy, were first identified in 1962 and have been 
particularly difficult to isolate by use of standard cell culture 
techniques [6, 71. A self-limited upper respiratory tract illness, 
or “common cold” syndrome, is the usual clinical manifestation 
of infection with these viruses. However, over the past 3 dec- 
ades, several studies have found these viruses to be associated 
with clinical syndromes that require hospital care [8-191. We 
recently performed a prospective, cohort study to evaluate the 
association of respiratory virus infection with respiratory con- 
ditions identified in hospitalized patients (201. In this article, 
we describe the demographics and clinical characteristics of 
hospitalized patients identified with recent rhinovirus or co- 
ronavirus infection. 

Methods 

Study design This prospective study was conducted in an ur- 
ban public teaching hospital (Ben Taub General Hospital), a chil- 
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dren’s hospital (Texas Children’s Hospital), and a community ho$- 
@aI (St. Luke’s Episcopal Hospital) in Houston, Texas, from 1991 
through 1995 [ZO]. Patients \nth an admitting diagnosis suggestive 
of an acute respiratory condition or congestive heart failure (CHF) 
were visited in the hospital to confirm eligibility and to seek comefit 
for participation. Acute respiratory disease diagnoses included the 
following: pneumonia, tracheobronchitis, bronchitis, croup, and 
exacerbations of asthma or chronic obstructive pulmonary disease 
(COPD). Patients with active tuberculosis or known HIV disease 
were excluded. On admission IO the hospital, a nasal and/or throat 
swab and an acute serum specimen were obtained. A convalescedt 
serum was collected ~10 days after obtaining the acute sew. 
Patients’ inpatient medical records were reviewed. Information col- 
lected included sociodemographic data,symptoms, signs, acute rd- 
piratory diagnosis and other diagnoses, the location of admission 
(i e., general ward or intensive care unit), the duration of hospi- 
talization, the need for ventilatory support, and the chest radid- 
graph interpretation. 

L&oratory methodr. Respiratory secretion specimens were in- 
oculated on 4 cell culture lines, including human embryonic lung 
fibroblast cells (WI-38), continuous human epithelioid carcinoma 
cells (Hep-Z), rhesus monkey kidney cells (LLC-MK2), and pri- 
mary rhesus monkey kidney or Madin-Darby canine kidney 
(MDCK) cells. Rhinoviruses were identified initially by the char- 
acteristic cytopathic changes induced in cell culture. Rhinovimses 
were differentiated from enteroviruses by use of acid lability ot 
reverse transcriptase (RWPCR assays [2l]. Coronavirus infections 
were identified serologically by use of paired serum samples, with 
the convalescent serum being collected at least IO days after the 
acute serum collection. Antibody tests for coronavirus 229E were 
performed by use of a microneutralization assay, and infection was 
defined by the presence of a >4-fold increase in antibody levels 
(221. An ELISA was used to measure antibodies to coronavirus 
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OC43, and infection was defined as a >Cfold increase in ELISA 
IgG antibodies or by a ~2.5 increase that was confirmed on a 
repeated test [23]. Coinfections with other respiratory viruses were 
identified by cell culture and serology, as described elsewhere [24]. 

ReSUlts 

A total of 1068 patients were enrolled in the study, and these 
patients had 1198 il lnesses evaluated. Of these rl lnesses, 408 
(34.170) had paired sera available for testing for coronavirus 
infection. Sixty-one il lnesses were identified that were associated 
with a rhinovirus or coronavirus infection, but infection with 
no other respiratory viruses (table 1); 9 additional i l lnesses were 
associated with both a “common cold” virus (6 rhinoviruses 
and 3 coronavirus OC43) and an additional respiratory virus 
(influenza virus, respiratory syncytial virus [RSVJ, or parain- 
ffuenza virus). These patients with dual virus infections tended 
to be younger (5 of 9, aged ~5 years) and more likely to have 
had paired sera collected (6 of 9 versus I8 of 61, respectively) 
than the group identified to have only “common cold” virus 
infections. These il lnesses were not considered further because 
of the potential confounding effect of the additional respiratory 
virus infection. 

Table I. Sociodemographics and laboratory abnormalities in hospit- 
alized patients with infections caused by rhinoviruses and corona- 
viruses. 

Age group, yean 

Data <S s-35 >35 

Total no. of il lnesses evaluated 
Total no of il lnesses wh paired sera 

avarlablc 
No. of patients with “common cold” virus 

infection’ 
Rhinovirus 
Coronavirus 

M&:Female 
Rae 

Black 
Hispanic 
white 
Asian 

H~tory of smoking 
History of asthma 
Prior im%~enza vaccine 
FJrior pneumococcal vaccioe 
Mean no. in household 
Mean WBC count, ceUs/,,L 
Positive blood cultures/total 
Chest radiographic abnormalities 

419 

53 

20 
18 
2 . 

8:12 

4 7 14 
15 4 4 

1 2 8 
0 1 0 
0 2 18 
5 13 18 
0 4 I2 
0 1 4 
5.6 3.8 3.0 

16,ooO 12,500 10,900 
2l9= 013 up 
9116 Yll 18N 

233 546 

99 226 

IS 26 
14 13 

1 13b 
6:9 8:lS 

NOTE. RSV, respiratory synqtial virus. 
* Does not include 9 dual infections: 5 in age group d yean (2 rhinovints/ 

RSV, I rhinonrur/itiuenza A virus, I rhinovirorJRSV/influcnza A virus, and I 
coronavi~s OC43/it iuenza A virus coinfections). 3 in age group S-35 years (2 
rhinovuus/inffuenz.a A virus and I coronavirus OC4Yiiunua A virus comfec- 
tlons), and 1 in age group >35 years (coronaviru&&aenza B tiruslparainlluenza 
tqe 3 virus coinfectmn). 

One dual mfeztion (coronavm~s OC43 and coronavirus 229E). 
‘, Two porltive for SIophylococcus species. 

Two povtlve for Srreprococcus pmmmiae 

The racial/ethnic distribution of the patients with a “common 
cold” virus infection was similar to that of the overall study 
population: 41% (n = 25) versus 51% black; 38% (n = 23) ver- 
sus 31% Hispanic; 17% (n = 12) versus 16% white; and 1% 
(n = 1) versus 1% Asian. In addition, the age distribution of 
patients with a rhinovirus or coronavirus infection was similar 
to that of the overall study population: 33% versus 37% aged 
<5 years, 25% versus 19% aged 5-35 years, and 43% versus 
44% aged >35 years. Eighteen (90%) of the 20 patients aged 
<5 years, I4 (93%) of I5 patients betw’een the ages of 5 and 35 
years, and 13 (50%) of 26 patients aged >35 years had rhino- 
virus infections. The remaining 16 patients had coronavirus’ 
infections. 

Il lnesses associated with “common cold” viruses occurred, 
throughout the year but were less frequent during summer 
months. The distribution of il lnesses was as follows: 28% of 
cases occurred between January and March, 25% between April 
and June, 13% between July and September, and 34% between 
October and December, Fifty-eight percent of rhinovirus in-< 
fections and 81% of coronavirus infections occurred between 
October and March; 8 of the 9 infections associated with other 
respiratory viruses also occurred during this period. 

The patients’ admitting diagnoses were tabulated (table 2). 
In the group aged <5 years, the most common clinical diagnoses 
on admission were asthma (n = 7), bronchiolitis (5). possible 
sepsis (5), and pneumonia (4). For patients between the ages 
of 5 and 35 years, the primary reason for admission was for 
the treatment of asthma (14); 1 patient had pneumonia. For 
patients aged >35 years, most clinical diagnoses on admission i 
were for the treatment of pneumonia (n = 8) CHF (7), COPD 
(7), and asthma (5). Overall, a chronic cardiopulmonary disease 
diagnosis was present in 39 (64%) of 61 patients, with asthma 
being the most common illness, followed by CHF and COPD. 

Hospital care took place on the wards in 66% of the cases;: 
however, 34% of the cases were treated in the intensive care 
unit or the intermediate care unit. One patient aged 45 years 
required mechanical ventilation compared with 2 patients aged, 
>35 years (table 3). Fever and an elevated WBC count were 
more common in patients aged c5 years, and wheezing was’ 
seen in aU age groups. Two of 9 cultures of blood obtained1 
from patients aged <5 years were positive for Stuphy[ococnu~ 
species (probable contaminants). Two cultures of blood ob 
tamed from patients who were aged >35 years and had pneu- 
monia were positive for Streptococcuspneumoniae. Antibiotics: 
were prescribed for the majority of patients. All patients sur- 
vived, and the mean (median) length of stay was 3.4 (3) days 
for patients aged O-5 years; 3.5 (2) days for patients aged 5-35 
years; and 6.0 (6) days for patients aged >35 years. 

Changes seen on chest radiographs largely reflected the clin- 
ical diagnoses. For patients aged ~5 years, abnormalities were 
reported in 9 (56%) of 16 patients (infiltrates or pneumonia, 6; 
hyperintlation, 2; and atelectasis, 1). Abnormalities were seen’ 
in 6 (55%) of 11 patients aged between 5 and 35 years (hyper- 
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Table 2. Spectrum of clinical illness in hospitalized patients 
with “common cold” virus infections. 

<S 5-35 >35 
Clinical diagnoses’ (n = 20) (n=l5) (n=26) 

Asthma 7 14 5 
Bronchiolitis 5 - - 
Congeshve heart fadure - - 7 
Chronic obstructive p!+lmonary disease - - 7 
croup / I - - 
Feverkonjunctivitls I . - 
Otitis me&a 2 - - 
Pneumonia 4 1 8 
Possible sepsis 5 - - 
Upper respiratory infection 1 - - 

* Can have >I diamosis. 

inflation, 4; and infiltrates, 2), and abnormalities were detected 
in 18 (72%) of 25 patients aged >35 years (pneumonia, 7; CHFl 
cardiomegaly, 5; emphysematous changes, 4; and pulmonary 
nodule, 2). 

Discussion 

Rhinoviruses and coronaviruses are usually recognized as 
causes of upper respiratory il lnesses that are mostly benign and 
self-limited. However,  these “common cold” viruses have also 
been associated with il lnesses that require hospitalization. In 
previous reports, the role of one or both of these viruses has 
been evaluated in a select population, on the basis of age or 
underlying disease [8-191. Our  study is the first to analyze the 
clinical characteristics of patients from all age groups who were 
admitted with acute respiratory disease and were infected with 
a rhinovirus or coronavirus. We found that the distribution of 
presentations varied with the age and underlying disease of the 
patient. Only 35% of patients aged ~5 years had underlying 
chronic pulmonary disease (asthma). In contrast, 93% of pa- 
tients aged between 5 and 35 years had asthma, and 73% of 
patients aged ~35 years had asthma, COPD, or CHE 

Bronchiolitis and pneumonia are the most common clinical 
syndromes associated with rhinovims infection in hospitalized 
children aged d years 18-16). a finding confirmed by our study. 
RSV is the most frequentIy identified respiratory virus for which 
young children are hospitalized for an acute respiratory con- 
dition, and in some studies rhinovirus has been the second most 
common [lO-131. The clinical presentation of rhinovirus infec- 
tion may be similar to that of RSV (151. In addition, coronavirus 
infections have been associated with lower respiratory tract 
illness, including pneumonia and bronchiolitis, in children aged 
d years [ 191. There is less information available regarding the 
relative importance of coronavirus infections in this age group. 
We identified only 2 coronavirus infections in patients aged c5 
years, although paired sera were available for only -20% of 
the patients in this age group. 

The association of respiratory virus infections with exacer- 

bations of asthma has been recognized for several decades 
[25-273. In the last several years, respiratory virus infections 
have been identified in up to 80% of wheezing episodes in 
school-aged children and in >50% of wheezing episodes in 
adults [I 7, 28, 291. Virus-associated exacerbations can be severe 
enough to require hospitalization [17, 181, and a correlation 
between hospitalizations for asthma and the seasonal prevab 
lence of upper respiratory virus infectlons has been noted, es? 
pecially in children. In several studies, rhinovirus IS the most 
common respiratory virus associated with a‘sthma exacerbar 
tions, and coronavirus is the second most frequent [17,28,29j 
In the current study, the principal reason for hospitalization of 
older children and young adults with a rhinovirus or corona+ 
virus infection was an asthma exacerbation. 

Respiratory virus infections have also been associated with 
worsening of other chronic diseases, including cardiopulmonary 
disorders such as COPD and CHF [31-341. Although the prot 
portion of exacerbations of these diseases associated with res- 
piratory virus exacerbations has been lower than that seen fo2 
asthma, the burden of these infections is substantially greater in 
chronically ill patients than in healthy subjects of a similar age 
[33,34]. In the current study, many of the patients aged>35 years 
had underlying lung disease or CHF. In addition, several patient4 
were admltted with pneumonia It is unclear whether rhinovirud 
can cause pneumonia itself [35, 361. It has been recovered frod 
the lower respiratory tract of infected individuals [37, 381, and 
an increase in the number of inflammatory cells in the bronchial 
mucosa has been noted after experimental infection of the upper 
respiratory tract [39] The possibility that these viruses might be! 
associated with an increased risk of bacterial pneumonia, similar 
to that described for infIuenza [40, 411, is suggested by the iden- 
tlfication of at least 2 pneumonia il lnesses in the oldest age group 
associated with a concomitant S. pneumoniae infection. However,  
this study was not designed to delineate such a virus-bacteria 
interaction. 

There are several potential shortcomings of the current study. 
Paired sera were available for only a subset of the population; 
thus, there is substantial potential for the introduction of a bias’ 
in identifying the relative importance of coronavirus infections, 
in this population. On  the other hand, infections with additional. 

Table 3. Clinical features and medical care requirements for patients 
with infections caused by “common cold” viruses. 

Data -5 5-3s >35 

Mean (m&m) duration 
of hospitalization, days 3.8 (3) 3 5 (2) 60(6) 

Admission temperature s3ST 55 21 15 
Wheezing on adnksron 45 87 50 
ICUAMC care 30 60 23 
Supplemental oxygen 2s 73 77 
Mechamcal venhlation 0 7 8 
Anllbiotrcs administered 70 40 8S 

NOTE. Data arc percents unless indicated otherwise KU, intennve care 
umt: IMC. intermediate care unit. 
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respiratory viruses, such as influenza virus or RSV, may have 
been missed in those persons who did not have serologic studies 
performed. Another potential shortcoming is that control pop- 
ulations were not included in the study; therefore, the frequency 
of rhinovirus or coronavirus infections in ambulatory popu- 
lations, in populations hospitalized with nonresplratory con- 
ditions, or in asymptomatic populations cannot be determined. 
However.  in a study for which virologic studies were performed 
in the same laboratory during the same period, =G!2% of cultures 
were positive for any respiratory virus from :n asymptomatic 
adult and tl% of serologic studies identified a respiratory virus 
infection during an asymptomatic period [33]. The use of RT- 
PCR assays for rhinovirus and coronavirus has increased the 
frequency with which these virus infections were identified, 
compared with cell culture or serologic methods in previous 
studies of asthmatic patients 117, 28, 291. Such assays were not 
performed in the current study; therefore, the burden of these 
infections detected in this study IS hkely to be a minimal esti- 
mate of their infection frequency. 

The morbidity associated with rhinovirus and coronavirus 
infections, especially in high-risk populations such as patients 
with chronic lung disease, suggests that these infections should 
be a target for preventlon or treatment strategies. The devel- 
opment of a conventional vaccine for rhinovirus has been ham- 
pered by the existence of >I00 different serotypcs and by the 
lack of protection associated with experimental parenteral vac- 
cines 1421. Less is known about the number of coronavirus 
serotypes, and no experimental human vaccines have been eval- 
uated. IFN-a! is an antiviral agent that has been effective in 
both experimental rhinovirus and coronavirus infection [43-45], 
and also has been used effectively as postexposure prophylaxis 
for natural colds [46,47J. The utility of IFN-cr in normal healthy 
populations has been limited by its local (nasal) toxicity. Only 
a single study has evaluated its efficacy for the prevention of 
respiratory virus infections and the resulting complications in 
patients with chronic lung disease [48]. No beneficial effects of 
IFN-a were seen in this population of patients with asthma 
and COPD; however, the study had insufficient power to dem- 
onstrate an effect caused by the prevention of rhinovirus and 
coronavirus infections. Newer antirhinovirus drugs, such as tre- 
macamra and pleconaril, have recently been shown to have 
beneficial effects in the treatment of experimental rhinovirus 
infection [49. SO], which suggests that there may be a role for 
these drugs in high-risk populations. Because of the morbidity 
associated with rhinovirus and coronavirus infections in high- 
risk patients, these groups should be targeted in future evalu- 

ations of antiviral chemotherapy strategies. 
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M icro-organisms in gastroenteritis 
M E ELLIS, B WATSON, B K MANDAL, E M  DUNBAR, J CRASKE, A CURRY, 
J ROBERTS, AND J LOMAX 

Regional Depurtmerlt of Infectious Diseases and Tropical Medicine, Monsall Hospital, and !<egional Vwus 
Laboratory, Public Health Laboratory, Withlngton, Marrchesrtr 

SUMMARY We present bacteriological and virological findings together with salient clinical 
features from a prospective study of 447 children aged under 2 years admitted to hospital with 
infectious gastloenteritis. Putative pathogenic micro-organisms were identified in the stools of 
75% of these children. Eight identifiably distinct groups of viruses, found on electron microscopy 
and tissue culture were present in 67% of patients-rotavirus was detected most frequently. 
Pathogenic bacteria (salmonellas, shigellas, Escherichia coli, and Campylobacter jejune-but 
excluding Clustridium difficife) were found in 16% only. Altogether 4.9% of 390 patients had 
gastroenteritis associated with Cl difficile toxin. 

The mean duration of diarrhoea was shortest in patients with identifiable virus, with rot:lvirus 
having a mean of 5-01 days, and was longest in patients with pathogenic bacteria in the stools 
(11.14 days). The fInding of more than one type of virus did not seem to be associated with a 
significantly increased duration of diarrhoea. There are few clinical features which can be 
associated specifically with any particular micro-organism or groups of these. Multiple organism 
isolation w;ls common, but the severity of the illness in those patients with at least two types of 
organism was not greater. Certain viruses, including the norwalk-like virus, known to be 
associated with outbreaks of gastroenteritis were found as frequently in a group of patients Who 

did not have dinrrhoen studied for comparison. Virus was still detectable in the stools of up to 
40% of asymptomatic children on the day of discharge. 

In 1967 a major study by Ironside et al’ from this judged to be caused by primary infectious gastroen- 
unit showed that pathogenic organisms could be teritis were entered into this prospective study over 
identified in only 16% of children aged under 2 the 12 month period December 1981 to November 
years admitted with infectious gastroenteritis. Since 1982. The referring general practitioner was briefly 
that time there have been major advances in both questioned about the child’s illness, drugs Pre- 
virological (mainly electron microscopy and tissue scribed, and reason for hospital admission. Mother 
culture techniques) and bacteriological laboratory was interviewed within 24 hours of admission and a 
techniques, with the identification of several new detailed questionnaire relating to the management 
pathogens. It was appropriate, therefore, to carry and course of the illness before hospital admission 
out a modern study in the same unit. was completed. Clinical examination of the child 

was followed by appropriate treatment and the 
Patients and methods child’s status was monitored until discharge, when 

he or she was asymptomatic. Assessment of de- 
The Regional Infectious Diseases Unit at Monsall hydration wx based ou the Medical Research 
Hospital serves a population of 1G million people Council criteria previously described.’ 
drawn from a mixed racial, industrial and business A sample of faeces was obtained on admisSiol’ to 
population rnalnly from the north of Greater 
Manchester.* 

hospital and again on the day of discharge (whE$ 
symptom free). Routine phlebotomy was perform 

Children aged less than 2 years who were admit- for full blood count, serum electrolytes, and “‘eaT 
ted with acute diarrboea (frequent watery or u11- Blood cultures, throat swab, and midstream ur”e 
formed offensive stools) with or without vorniting, sample were taken for bacteriology. 
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: stools were routinely cultured for entero- 

path@ e.ic Exherichia co/i, salmonellas, campylo- 
batter, shigehasY and yersinia; they were examined 

o ojcro.sc p idly for ova, cysts, and parasites. The 

technrq”e used for isolation of CIoskdium difficile 
aod detection of toxin has been described 

T 

preparatjon of faecal specimens for electron micro- 
scopy- AfJ faecai specimens were stored at 4°C. 
Twenty per cent faecal suspensions in faecal trans- 
port medium were centrifuged at 1500 g for 15 
minutes at 8°C (clarification spin). Supernatant (2 
,,,I) was transferred to a polycarbonate ultracentri- 
fuge tube and spun at 65 OOO g for one hour at 8°C. 
The supematant from the ultracentrifuge spin was 
tipped off and the pellet resuspended in the small 
a,nount of fluid remaining. Viruses were adsorbed 
ORtO Eormvar-carbon coated electron microscope 
specimen grids, stained with 3% PTA (pH 6 to 6.5), 
and examined at 63 OOO magnifications in an AEI 
(Kratos) EM801 electron microscope. 

one or more agcnw (no (%)) 
Two or "lore agents (no (%)) 
Vuuws 0°C (no (%)) 
Palhogen~c bacteria only (no (%) 
Virwcs ond bacwtia (no (%)) 
Chrridmm dffjicile toxin only (no (%)) 
No ngcnt’ (no (%)) 

GWIXW”IC”rir COt?pCVUO” 
group group 

447 162 
I 36 I-08 
335 (75) 70 (43) 
127 (28) 14 (9) 
257 (57 5) 70 (43) 
29 (6.5) 0 (0) 
43 (10) 0 (0) 
6 (1) 0 (0) 
112 (2s) 92 (57) 

Chrtidiun dtfficdc isolated (no (%)) 
‘Joxrridrum d@cdc WXUB (no (%)) 

219/447 (49) 
I')/390 (4-9) 

‘Agcnr=porcntial vral CM bacrcrr4 pathogen. 

7W118 (66) 
Yll8 (1.8) 

Tissue culture technique. A thawed 20% faecal 
emulsion (0.1 ml) was inoculated into three cell 
fines: primary baboon kidney (BK), diploid fibro- 
blasts (MRC S), and continuous human epithelial 
cells (HEp 2). These were examined twice a week 
for evidence of cytopathic effect and were discarded 
after two weeks. 

For comparison, all other children aged under 2 
years and admitted over the same period with 
non-gastrointestinal illness had their faeces ex- 
amined as above. The most common diagnosis in the 
comparison group was that of a respiratory illness- 
whooping cough being most frequent. 

r-n 13-18 19-?L 

Age hcnl~l 

Fig. 1 Age dir/rib&on of micro-orgnnivns found in 
gasWoenteritkpahkm. 

Statistical analysis. Fisher’s exact test and Student’s 1 
test were used as appropriate. 

chickenpox, meningitis, or miscellaneous dermato- 
logical disorders. 

RWlltS 

The reasons for admission to hospital given by the 
referring doctor included: (1) dehydration (11%); 
(2) failure of symptoms to settle on home manage- 
ment (52%); (3) adverse social factors (20%); (4) 
for isolation (12%); and (5) poor general condition 
(7%). No specific reason was given in 11% of the 
children. 

There were 447 hospital admissions (including 21 
children with two admissions); the boygirl ratio was 
l-36; and most children were aged under 1 year 
(Table 1; Fig. 1). There were 162 children in the 
comparison group, most of whom had a respiratory 
infection including whooping cough (117). The most 
common diagnoses in the remainder were me&es, 

There was no significant difference between 
patients with gastroenteritis and those in the com- 
parison group in the delay between stool collection 
and laboratory examination-77% of all stool speci- 
mens collected were examined at 24 hours after 
collection. Seventy five per cent of the children with 
gastroenteritis had at least one micro-organism 
present in the stool--57.5% had viruses only, 6.5% 
had bacteria only, and 10% had both bacteria and 
viruses. No patient had parasites. Twenty five per 
cent of children had no identifiable pathogenic 
bacteria or viruses. Cl dilficile was present in 49%. 
Cl difficile toxin was found in 19 of 390 patients 
(4*9%), of whom six had no other bacteria or 
viruses. Details of these findings relating to Cl 
di#iciIe and its toxin are published separately.’ 
Thirty eight per cent of those children who had 

Micro-orgunismr in gastroenwritir 849 

NO 
Boy-giirl 

Table 1 Prevalence of viruses and bacteria 

. 
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pathogenic macro-organisms had at least two con- 
currently, and in seven per cent there were at least 
three (T-able 1, Figs. 2 and 3). 

Several morphologically distinctive viruses were 
identified, namely: rotavirus, adenovirus, norwalk- 
like virus, calicivirus, coronavirus, astrovirus, cul- 
turable enterovirus (including echovirus, coxsack- 
ievirus, and untypable (through unavailability of 
antisera)), and a heterogeneous group including 
parvovirus, picornovirus, and some non-culturable 
enteroviruses-the ‘small round structureless virus 
particles’.~’ 

Rotavirus was the most commonly identified 
organism (153 of 447 patients: 34%); adenovinrs 
and enterovirus were found in 17.2% and 12-S% 
respectively. Astroviruses, norwalk-like viruses, 
caliciviruses, coronaviruses, and small round struc- 
tureless virus particles collectively were found in 
25% _ E coli and Carnpylobacter jejuni were isolated 
from 6.9% and 5.1% of patients respectively: apart 
from Cl dificiZe these were the two most common 
pathogenic bacteria (Table 2). 

Rotavirus, adenovirus, enterovirus, safmoneltas, 
and shigellas were the five organisms which were 
usuafly found alone. The remainder were found 
more often in combination with others, in particular 
the small round structureless virus particles, astro- 
virus, and C jejuni (Fig 2). 

No of patienl 

The adenoviruses found in association with gas- 
troenteritis were usually identified by electron mic- 
roscopy but either failed to grow or proved untyp- 
able on tissue culture (5.5 of the 85 patients). Table 3 

Fig. 3 Distribution of groups of gastroenreritir paficnfi bY 
month of admission to hospital. 
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‘20 had adcnuvirur also seen bv clcctron mcrowopy. wboch may not have 
been the same YWUS a~ tbal tdcnlrfied by ussue culture 
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gives details of the adenoviruses found. Thirty were 
typable (mainly type 2). This contrasts with findings 
in the comparison group where 14 of the 18 were 
typable, and these patients had a significantly higher 
prevalence of respiratory symptoms (72%) com- 
pared with the gastroenteritis patients (16%). 

In the comparison group, all organisms were 
found significantly less often apart from the 
norwalk-like virus, small round structureless virus 
particles, coronavirus, astrovirus, and enteroviruses 
(Table 2). In none of these patients were pathogenic 
bacteria, apart from Cl dificile, isolated. Cl difficile 
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toxin was present in three comparison group 
patients. 

Patients with gastroenteritis were divided into six 
groups, according to the micro-organisms isolated, 
thus permitting a comparison of the main clinical 
and biochemical features. Group 1 comprised 
patients in whom rotavirus was present alone; 
group 2, those in whom only any one virus-not 
rotaviru-was isolated, expressecf as cumulative 
singles; group 3, patients in whom two or more 
vu-uses were isolated; group 4, those in whom one 
or more bacteria were present, alone or in 
combination; group 5, patients with one or more 
bacteria plus any one or more vnuses in com- 
bination; and group 6 comprised patients in whom 
no pathogenic bacteria or viruses were present. 
Cl difficile was isolated from all six groups. These 
tindings are summarised in Table 4. Patients 
excreting any virus tended to present during the 
winter months; those excreting bacteria presented 
during the warmer season (Fig. 3). 

Diarrhoea persisted longer than vomiting in all 
groups. The mean duration was shortest in those 
with rotavirus alone (5.01 days) and longest with 
bacterial isolates (11.14 days). Viruses other than 
rotavirus tended to produce a sigmficantly longer 
duration of diarrhoea (7.05 days) but the simul- 
taneous finding of at least two dtfferent types of 
viruses was not associated with longer duration of 
diarrhoea (7-23 days). Furthermore, the presence of 
virus and bacteria did not seem to alter the duration 
of diarrhoeal symptoms (10.81 days) when com- 
pared with patients in whom bacteria alone were 
found (11.14 days). The non-specific gastroenteritis 
group seemed to have less diarrhoea than the 
bacteria groups and approximated to that for 
viruses, with a mean duration of 660 days. 

Duration of vomiting in all groups ranged from 
2-21 to 3-65 days, viruses tending to have a longer 
duration of symptoms than bacteria-these differ- 
ences, however, were not significant, apart from the 
group with bacteria and viruses in .whom the 
duration (2-21 days) was significantly less than with 
rotavirus alone. 

Moderate to severe dehydration occurred in 14% 
of patients but acidosis was not a frequent finding. 
Hypematraemia was found in less than one per cent 
and in patients excreting virus alone. 

Of other associated clinical findings, the preva- 
lence of stool mucus was significantly increased in 
viruses other than rotaviruseS and in the group with 
bacteria and virus found together. Macroscopic 
blood in the stool was highly significantly increased 
ih patients with bacteria compared with rotavirus. 
Lower respiratory infection occurred in up to 21% 
of patients and its prevalence was significantly 
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Table 4 Clinical and otherfeatures rn 447 gastroenteritis parienrr classified into six major groups by micro-organivns, 
showing significant differences from group 1 in which rotawru was found alone 

Grmrp 

Nn loo 87 70 29 43 118 _ 
hratwn at dmrrhoca (days) 

Mean (SEM) 

D”rauo” of vomltlng (days) 
Mesn (SEM) 

MUCUS prcsen, m  srools No (70) 
Blocd prcscnr I” 510015. No (96) 
Lower respiratory tract 

,nfectaon. No (%) 
“rca >6 ~nmoill No W) 

5 01 (0.53) 705 (103) 7 23 (0.66) 11 14 (1.35)d 10.81 (1.74)J 6-6 (O-58)b . 

3 53 (0 37) 3 65 (0 8) “S  3 13 (0.43) nr 2.45 (0.79) 8,s 2.21 (0.37P 2.91 (0.3) ns 
13 (13) 21 (25)’ 17 (24) “5 11 (38) ns 
3 (3) 8 (IO) N  1 (1) IN 12 (41)’ 

13 (30)’ 
14 (33)s 

24 (20) m  
5 (4) “I 

IO (loj 18 (21) “S  (den09 10 (15) nr 4 (14 1 ns 5 (12 2 ns 18 (15) ns 
17 (17) 10 (12) nr 6 (9) nr 0 (0) 0 (0) 9 (8) “S  

whte cell Count 
> 13x lO’/l No (‘A) 18 (18) 37 (43)s 27 (39)$ 15 (soy 22 (SO)’ 55 (47)5 

~ospttai stay a 7 days No (%) 24 (24) 26 (31) ns 27 (39)’ 17 (59)’ 22 (sop 29 (2.5) “5 

- 

increased in patients with adeno;irus infections. A 
greater proportion of patients with viruses and with 
non-specific gastroenteritis had a. higher blood urea 
concentration compared with those with bacteria. 
The proportion of patients with a peripheral white 
cell count over 13X 106/1 was significantly greater in 
nil groups compared with the rotavirus group. 

The duration of hospital stay was determined 
primarily by whether symptoms had settled and not 
by continuing faecal excretiqn of the organism. 
Seventy six per cent of patients’ with rota virus and 
75% patients with non-specific gastroenteritis had a 
short hospital stay (less than seven days); in those 
with at least two viral agents the stay was longer, 
and in those with bacteria more than 50% remained 
in hospital for over seven days. 

There were no other significant differences in the 
clinical and biochemical features between the six 
groups (Table 5). In particular, the patient’s general 
condition was not more severe in those who had at 
least two micro-organisms present. 

Ten children on admission and a further 20 within 
48 hours of this (six per cent in total) required 
intravenous fluid replacement for one to two days in 
preference to oral rehydration treatment, to correct 
dehydration or to overcome persistent or severe 
symptoms. Most, including many with moderate to 
severe dehydration, were successfully rehydrated 
with a standard regimen of sodium chloride and 
glucose solution (Dioralyte, Armour Pharma- 
ceutical) for 24 hours combined with temporary 
food and milk withdrawal, followed by a graduated 

Tnble. 5 Incidence of clinical and otherfeatures not 

showing a,rysignificant differences between the rotavirus 
group (group 1) and the other groups of patients with 
gastroenteritiF (groups 24) 

A~reddAc lymphadcnopathy 
Maculop~pular rash 
Convulsions 
Gcncral condition well 
Rojcctik vomiting 
Temperature 938-X 
Makrate to scv~re dehydration 
Bisrbonate =Z15 mmoLl 
Sodium bl50 mmdl 
Total mmplkalions 

94 (21) (admovirus 16%) 
58 (13) (ndenovirus 11%) 

5 (1) 
290 (45) 
170 (38) 
36 (8) 
64 (14) 
13 (3) - 

5 (1) 
89 (20) 
36 63) 

dilutional re-introduction of either normal milk 
feeds or solid diet as appropriate. 

Antibiotics were not routinely piescribed for 
gastroentetitis in this unit; only 16 patients received 
antimicrobial treatment as dictated by their clinical 
condition (salmoneIlas (five); C  jejuni (two); 
shigdlus (four); enteropathogenic E coli (one); Cl 
dificile colitis (six)). 

There were no deaths during the study period, but 
complications were recorded in 85 patients. Five 
children had a convulsion before hospital admission; 
four of these had a fever in excess of 3975°C on 
admission and this may have been the cause. NolIe 
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normal milk 

Irescribed for 
ients received 
f their clinical 
jejuni (two); 
culi (one); Cl 

dy period, but 
patients. Five 
tat admission; 
of 39.5°C on 

: cause. None 

of these 
five children was severely dehydrated or 

atraemic. The associated micro-organisms 
virus (three) and shigella (one). There 

disposing central nervous system 
One other child sustained a 

had gastroen- 
teritls associated with rotavirus, was severely dehy- 

drated On admission (sodium 164 mmol.4; urea 21 
mrno~), but made a full and complete recovery. 

veith er the type of intravenous fluid nor the rate of 
replacelnent was felt to have been contributory to 

7 this ch,fd s convulsron. The more common complica- 
tions were temporary secondary lactose intolerance 

resUl~ng 
in a recrudescence of diarrhoea and 

ne,essj ta ting the withdrawal of lactose-containing 
[ni]k feeds. 

-Those patients who did not prove to have any 
. pathogenic mrcro-organrsms in. their faeces did not 

seem to show any srgmficant drfference in the time 
tbat sofjd feedrng had first been introduced or in the 
i,lcidence of breast feedmg. 

DiscUSsion 

A decade ago the. mOSt commonly isolated micro- 
organism rn mfantrle gastroepteritis was the entero- 
pathogenic E COL, accountmg for 11 to 16% of 
cases.l In the vast majority of children, no 
pathogens were rsolated (non-specific gastroenter- 
itis). Our study mdrcates that the incidence of 
non-specific gastroenteritis is now much less com- 
mon, but still accounts for a considerable core of 
patients. The reason for this changed pattern is the 
djp-ovefy of Several new pathogens which cause 
human diarrhoenl disease. 

Most of the micro-organisms identified were 
viruses, among which the rotavirus was the most 
Common. Individual bacteria made a small overall . . 
contribution; C jejune IS now included among these. 
1 The association of Cf diffice toxin with human 
diarrhoea has Only recently been appreciated.6 In 
thisstudy it was felt to have been the major factor in 
19 patients, a frequency comparable with other 
established bacterial pathogens. The role of Cl 
dificile is detailed in another paper.2 

It is of some interest that in many instances 
the simultaneouS presence Of more than one agent 
occurred in the same patient; this was most notable 
in the patients CXCrCting c jejuni, E co/i, small 
round structureless virus particles, calicivirus, and 
coronavirus. This phenomenon of multiple organism 
isolation makes assessment of the contribution of 
each micro-organism to the illness difficult. There 
was, however, no difference in disease severity 
between those who excreted a single organism and 
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those with at least two. The occasi,onal reported 
finding, therefore, that those patients who have 
more than one micro-organism may have more 
severe disease ’ * does not seem to be a general 
phenomenon. 

Numerous studies have established the role of 
rotavirus as an important human pathogen but the 
role of the newer viruses is uncertain. Viruses 
resembling the norwalk agent (norwalk-like 
viruses)9 have been previously identified with some 
outbreaks of gastroenterrtis, usually in older chil- 
dren and adults. Their low and equal prevalence in 
patients and in the comparison group reinforces the 
view that it is not an important cause of sporadic 
diarrhoea among infants. Although coronaviruses 
have also been incriminated previously, their role is 
very debatable and this is also supported by our 
findings. Nevertheless, they may constitute an im- 
portant community reservoir from which outbreaks 
may arise, given favourable conditions. On the 1 
contrary, a11 the cahciviruses and astroviruses, 
though small in number, were found almost with- 
out exception in patients with gastroenteritis, 
strengthening the view that they are pathogen?. 
These latter two viruses are not usually associated 
with such a young age group, however, occurring 
more often in older children.‘” ” 
. Thirty patients had culturable and typable adeno- 
viruses in their stools, mainly of serotype 2 (group 
A, Table 3). Thirty eight patients had non-typable 
or poorly growing adenovirus (group B)--they may 
not have grown because of their fastidious nature, 
insufficient faecal concentration, or unavailability of 
specific antisera. Fifty five of these 68 patients 
(groups A and B) had adenovirus identifiable by 
electron microscopy as well, but it is uncertain 
whether the adenovinrs seen by electron microscopy 
was the same as the one cultured. In the remaining 
17 patients (group C) adenovirus was not culturable 1 
but was detected by electron microscopy alone. In 
contrast, most adenoviruses found in comparison 
group patients grew and were typable-mainly 
serotype 7. The relevance of these findings is not 
entirely clear but it is likely that adenoviruses found 
in group C were responsible for gastroenteritis, 
those in group B are more dubious, and those in 
group A unlikely. Our findings support the work of 
others” l3 who argue that the adenoviruses associ- 
ated with primary gastroenteritis are distinct from 
those associated with primary extragastrointestinal 

, 

illness. There may well be other adenovimses 4 
responsible for gastroenteritis which, owing to tfieir 
fastidious nature, fail to grow under our tissue 
culture conditions, and these remain unrecognised. 

A large proportion of children were discharged 
; 

asymptomatic as convalescent excretors. This may 

, 
~ 
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be of public concern and is at variance with the 
findings of others, who report a much lower 
percentage of children still excreting virus at this 
stage of convnlescence.‘4 

Overall, the chnical features indicate that gas- 
troenteritis in this age group is nowadays 3 relatively 
bemgn self-limiting illness associated with a sh013 
stay in hospital and few complications. Apart from 
one child, convulsions occurred before admission; in 
only one child did there seem lo be the precipitating 
factor of hypernatraemia. This is in striking contrast 
to the situation described a decade ago from this 
unit, when hypernatraemic dehydration associated 
with cerebral disturbance and related to high solute 
milk feeds and concentrated glucose drinks was 
common and carried an appreciable mortality.’ I5 
This important aspect of management is discussed in 
detail elsewhere.16 

The presence of macroscopic blood in the stools, a 
normal plasma urea concentration, a 
white cell count greater than 2 

eripheral 
13x10 II, longer 

duration of diarrhoeal symptoms, and a longer stay 
in hospital all tend to suggest a bacterial rather than 
a viral aetiology for the gastroenteritis. This is not 
absolute, however, and there were no specific or 
characterjstlc clinical, biochemical, or haemato- 
logical features in any particular group to indicate 
unequivocally a particular agent. Thus, for example, 
the widely held view that adenovirus infections are 
suggested by the presence of lymphadenopathy and 
a maculopapular rash seems untenable from our 
findings (Table 5). Also, our results indicate that it 
is not possible to make an emphatic diagnosis of 
rotavirus diarrhoea or rotavirus syndrome on clini- 
cal findings alone, ” since upper and lower respira- 
tory infection and otitis media were not found more 
commoniy in those subsequently shown to have 
faecal rotavirus. 

The group with gastroenteritis in whom no organ- 
isms were identified merits particular comment. 
This group was not associated with a higher inci- 
dence of extragastrointestinal features (otitis media, 
urinary infections etc) so that a ‘parenteral’ aeti- 
oiogy is unlikely, there was no increased prevalence 
of antibiotic usage in this group (16%) compared 
with the other groups (9 to 24%), and there was 
no increased delay in stool analysis excluding viro- 
logical ‘fall off’. Recent change in bowel flora 
precipitated by recent alterations in feeding sched- 
ules (‘weanling diarrhoea’) or a change from breast 
to bottle feeding were no more common in this 
group-hence acute alterations in bowel flora were 
unlikely to be the cause. On the other hand, the 
seasonal and age distribution together with the 
broadly similar clinical features of these patients 
compared with those who had an identifiable viral 

agent suggests a viral aetiology. It may be that some 
of these patients were ‘missed’ cases of rotavirus, 
adenovirus, or other viral gastroenteritis since elec- 
tron microscopy is relatively insensitive’” and ex- 
isting tissue culture techniques may not identify 
some viruses, notably the enteric adenoviruses. 
Electron microscopy, however, is the only ‘catch all’ 
method currently available for the identification of 
viral associated gastroenteritis. The possibility is 
that some other agent, as yet undiscovered, was 
responsible. 

We gralefully thank Dr K  Whale, Consultant Mlcwbiologist for 
her help with the bacteriological cultures; DF M  Addison, 
Coasullant Pathologist for help with biochemrstry measurements: 
Mr A  Mokowski. Senior Research Officer for expert statisbcal 
nnalys~s; and Sisters Coyle, Fozbrook, and Thompson a”$! “ursmg 
staff al Monsail Hospiral for thezr invaluable assistance. 
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Subgenus identification of adenoviruses is of clinical importance and is as informative as identification by 
serotype in most clinical situations. A PCR-based identification of adenovirus subgenera A, B, C, D, E, and F 
and sometimes serotypes is described. The PCR uses nonnested primer pair ADRJCl-ADRICZ, which targets 
a highly conserved region of the adenovirus hexon gene, has a sensitivity of 10 to 40 copies of adenovirus type 
2 (Ad2) DNA, and generates 140-bp PCR products from adenovkus serotypes representative of all the 
subgroups. The PCR products of all subgroups can be differentiated on the basis of the restriction fragment 
patterns produced by a total of five restriction endonucleases. In addition, serotypes Ad40 and Ad41 (subgroup 
F) and important serotypes of subgroup D (Ads, AdlO, Ad19, and Ad37) can easily be differentiated, but 
serotypes within subgroups B and C cannot. The method was assessed by blind subgenus identification of 56 
miscellaneous clinical isolates of adenoviruses. The identities of these isolates at the subgenus level by the PCR . 
correlated 91% (51 of 56) with the results of serotyping by the neutralization test, and 9% (5 of 56) of clinical 
isolates produced discordant results. 

Adenoviruses are double-stranded DNA viruses that are 
conventionally classified according to serotype (1 to 49) and 
subgenus (A to F) based upon sodium dodecyl sulfate-polyac- 
rylamide gel electrophoresis of virion polypeptides and restric- 
tion endonuclease (RE) analysis of the whole genome (40). 
Identification of these subgroups or serotypes can be of both 
clinical and epidemiological importance (21). Serotypes of sub- 
genus A are isolated almost exclusively from the gastrointes- 
tinal tract (34). Adenoviruses of subgroup B, such as adenovi- 
rus type 3 (Ad3) and Ad7, and subgroup C (Adl, Ad2, and 
Ad5) are common causes of respiratory tract infections (34, 
39). Infections with these serotypes may persist asymptomati- 
tally for years in children, with the virus being shed continu- 
ously in the feces for many months after initial infection and 
intermittently for years thereafter (15). Certain members of 
subgroup D (Ad8, Ad19, and Ad37) cause outbreaks of con- 
junctivitis, and rapid identification of these serotypes can help 
in prevention and control (14). Subgroup E has one member, 
Ad4, which can cause either respiratory or eye infection, but a 
genotype variant of Ad4 (Adrla) has been associated with out- 
breaks of conjunctivitis (39). Infantile gastroenteritis is caused 
by Ad40 and Ad41 (subgenus F) (5). In addition, fatal infec- 
tions due to certain serotypes, such as those of subgroup B, 
have been reported (26, 34, 43). 

2055 

Identification of adenovirns subgroups or serotypes can be 
achieved, with different degrees of efficiency, by serotype-spe- 
cific neutralization tests (NTs) (16), RE analysis of DNA ex- 
tracted from infected cells (40), and, more rarely nowadays, 
the hemagglutination inhibition test. The results of these meth- 
ods, although of epidemiological value, are often of limited 
clinical usefulness. Up to 30 days may be required for complete 
characterization following the initial isolation of adenovirus in 
cell culture, which may itself require 30 days or more. In 
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addition, certain adenoviruses such as Ads, Ad40, and Ad41 
are fastldlous, with slow and inefficient growth in cell culture 
(13, 41). Alternative identification methods have therefore 
been developed and include the use of serotype-specific mode- 
clonal antibodies (1, 42), detection of subgenus-specific ariti- 
bodies (4), and PCR-based identification protocols (2,4,> IS, 
21, 28,29,30,33). In this paper, we describe the developm+nt 
of a simplified, rapid PCR-based method for the identificatibn 
of human adenoviruses at the subgenus level and, in, sotne 
cases, the serotype level. 

MATERIALS AND METHODS 

Extraction of DNA from virns isolates. Clinical isolates of Ad types 1 to 15,14, 
16,19,21,31,37,40, and 41 typed by NT assay, RE analysis, or type-specific $R 
(6,20) were obtained from the Cliical Virology Laboratory, Manchester R+yal 
Inlirmary, Manchester, United Kingdom. DNA was extracted by the gwni- 
dinium thiocyanate (GuSCN) procedure described previously (7). Brie& 200 pl 
of lysis buffer (4 M GuSCN, 0.5% N-lauroyl sarcosine, 1 mM dithiothreitol 25 
mM sodium citrate, 20 pg of glycogen) was mixed with 50 pi of infected. ic eU 
culture fluid (or sterile distilled water for an extraction-negative control), and the 

i mixture was incubated at room temperature for 10 min, followed by additio of 
2.5 ~1 of 3 M sodium acetate. The DNA was precipitated with 250 pl of ice-$old 
isopropanol, and the mixture was centrifuged at 12,ooO x g for 10 min. c 
supernatant was discarded, and 500 4 of cold 70% ethanol was added, foil J ed 
by centrifugation at 12,ooO x g for 10 min. Ethanol was gently aspirated, andthe 
pellet was dried in air before It was dissolved in 50 pl of Tris-EDTA buffed 

PCR Under strict laboratory practice lo avoid crosscontamination and ar- 
ryover (23). the primer pair ADRJCl-ADRJC2 was used to amplify a 1 44 bp 
PCR product as descriid previously (11). The reaction mixture contained 10 
mM Tris-Ha @H 83), 15 mM MgCl, 50 mM KCI, 0 01% (tio1) gelatio 
U of Amplitaq DNA polymerase (Perk&Elmer Ltd., Warrington, United i&T 
dam), each deoxynncleoside triphosphate at a concentration of 24XJ FM, 0.2 bM 
each primer, and 5 pl of appropriate DNA sample or sterile distilled water as a 
contamination control in a total volume of 50 pl. The reaction was overlaid With 
2 drops of mineral oil lo prevent evaporation. Amplification was performed on 
a PHGI thermal cycler (Techne Ltd., Cambridge, England) by using one cycle 
of 94’C for 7 min, 55°C for 1 min, and 72°C for 15 min. followed by 40 qles 
each of 94’C for I min, 55-C for 1 min, and 72’C for 1.5 min. The PCR prod)lcts 
were analyzed wth 8% polyacrylamide gels. 

RE analysis of PCR prodnets. The 140-bp PCR products generated ftom 
clinical isolates were digested with the REs TaqI, AvrII, and A&II (all f/am 
Roche Diagnostics Ltd., Lewes, United Kingdom) and BseRI and Mnfl (tioth 
from New England BioLabs Incorporated, Hitchin, United Kingdom). In a tetal 
volume of 20 ~1, all reaction mixtures were prepared as recommended bylthe 
manufacturers, and those with REs Toql,AmII, andAatI1 were incubated fod3 h 
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at the approptiate temperature and those with REs Mnn and BseRI were incu- 
bated cwermght at the approprmte temperature. 

Construction of plasmids and DNA sequencing. PCR products from Ad& 
Ad8, Ad19, and Ad37 were cloned into the PCR-TOP0 vector with the TOP0 
TA cloning kit (Invitrogen BV, Leek, The Netherlands) as described by the 
manufacturer. Recombinant plasmids were puntied by the QIAGEN Plasnud 
Purification Maxi kit (QIAGEN Ltd., West Sussex, United Kingdom) and were 
sequenced by using the ABI Prism B@ye terminator cycle sequencing ready 
reaction ktt (P&m-Elmer Ltd.) and an automated sequencer (ABI 377; Perkin- 
Elmer Ltd ). The nucleotide sequences obtained were aligned with sequences in 
the databases of the National Center for Biotechnology Information by using the 
B&c Local Alignment Search Tool family of programs, and RE analysis was 
performed with the sofhvare WebCutter, version 2 0. 

Nucleotide sequence accession numben. The nucleottde sequence accession 
numbers for all the sequences referred to in this paper are given in Fig. I. 

RESULTS 

Sensitivities and specificities of primers. The primer pair 
ADRJCI-ADRJCZ has a detection limit of 10 to 40 copies of 
Ad2 DNA. The sequences of the upstream primer (ADRJCl) 
and the downstream primer (ADRJC2) were derived from the 
highly conserved DNA region which codes for the carboxy end 
of the monomeric protein II that forms the trimeric 
pseudohexagonal base of the adenovirus hexon. Both primers 
contain a maximum of two deliberately introduced mismatches 
compared with the sequences of the hexon genes of Ad2, Ad3, 
Ad4, Ad5, Ad7, and Ad16 and a maximum of four mismatches 
compared with the sequences of the hexon genes of the other 
serotypes. These mismatches did not involve the 3’ termini of 
the primers, and the specificity of the test for the detection of 
representative serotypes from all subgroups was not jeopar- 
dized (11). 

Comparison of PCR product nucleotide sequences. The 
140-bp nucleotide sequences obtained in this study (Ad2, Ad8, 
AdlO, Ad19, and Ad37) were aligned with published human 
adenovirus nucleotide sequences (Fig. 1). Except for Ad1 and 
Ad18, which showed two and three deletions, respectively, and 
Ad9, Ad19, and Ad37, for which only partial sequences have 
been published, all the sequences analyzed were 140 bp in 
length. Compared with the nucleotide sequence of Ad8 deter- 
mined in this study, all the sequences demonstrated subgroup- 
specific patterns and sometimes patterns unique for a serotype. 

Construction of identification scheme for adenovirus sub- 
groups A to E. RE analysis of the nucleotide sequences of the 
different adenovirus serotypes demonstrated a total of five REs 
(MnlI, Tag& BseRl, AatII, and Z&I) that were found to be 
discriminatory, resulting in either subgenus- or sometimes sub- 
type-specific DNA restriction patterns. Based on these pat- 
terns, an identification scheme was designed (Fig. 2). The 
enzyme MnfI divides the analyzed adenovirus sequences into 
three clusters: subgroup D, subgroups A and C, and subgroups 
B and E. 

In the first cluster (subgroup D), two patterns of restriction 
profiles are expected from the sequence information. The first 
pattern (6, 41, 43, and 50 bp) is possible with all serotypes 
analyzed (Ad types 8, 10, 19, 37, 17, 28 and 48), but in our 
experience the pattern was found only with Ad8. The second 
profile (6, 41, 46, and 47 bp) can be generated only with Ad 
types 10,19,37,17,28, and 48 but not Ad8 and is the one that 
we observed in practice. Further characterization of these se- 
rotypes is possible with a maximum of two REs. Tag1 differ- 
entiates Ad8 and Ad10 from Ad types 19, 37, 17, 28, and 48, 
and BseRI differentiates Ad8 from AdlO. 

In the second cluster, MnII produces an identical restriction 
pattern (6 and 134 bp) with serotypes from both subgroups A 
and C. The two subgroups could then be easily differentiated 
on the basis of the restriction DNA patterns produced by TagI. 
In the third cluster (subgroups B and E), MnZI produces iden- 

tical DNA restriction patterns (bands of 6, 41, and 93 bp), but 
AatII provides distinguishable restriction profiles (it produces 
bands of 69 and 71 bp with subgroup E, but does not cut 
subgroup B). 

A total of 33 adenovirus clinical isolates in cell culture fluid 
were tested by PCR and were identified by following the 
scheme shown in Fig. 2. The DNA restriction profiles obtained/ 
were in complete agreement with the expected patterns. 

Blind evaluation of identification scheme. There can be con- 
siderable genetic variability among adenovintses that have the 
same antigenic determinants (39). A total of 56 clinical isolated 
of adenovirus subgroups A to E were amplified, and PC& 
products were blindly identified by subgenus or sometimes 
serotype (Fig. 3). Table 1 summarizes the results obtained and 
their correlation with the results of the NT test and RE anal* 
ysis. Fifty-one isolates (91%) were correctly assigned to theirt 
appropriate subgroup. Those of subgroup A were identified as 
Ad12 or Ad31; three isolates had been typed by the NT test 
as type 12 and the remaining two isolates had been typed a~ 
Ad31. Among the isolates in subgroup D, based on the as+ 
sumption that only Ad8, AdlO, Ad19, and Ad37 are included in 
the blind testing, all 16 isolates were correctly identified, in- 
cluding those of epidemic serotypes Ad8, Ad19, and Ad37. 

Discordant results were found for five isolates (9%). Of 
these, two were identified as AdlO, but one had been typed as 
Ad7 (subgroup B) and the other had been typed as Ad9 (sub+ 
group D) by NT, and two isolates were identified as subgroup 
C, but one had been typed as Ad31 (subgroup A) and the other 
had been typed as Ad14 (subgroup B) by NT. The last isolate 
had also been characterized by RE analysis of the whole gei 
nome as Ad34 or Ad35 (subgroup B). The fifth isolate was 
typed as Ad4a, which is in contrast to the result of Ad5 (sub+ 
group C) by NT and that of Ad2 (subgroup C) by RE analysis, 

Identification of adenovirus subgroup F. Differentiation ok 
Ad40 and Ad41 (subgroup F) from serotypesof other subgetr- 
era in fecal specimens from patients with adenoviral gastroetr- 
teritis is of substantial clinical value. Nucleotide sequence ana+ 
ysis of adenovirus subgroup F (Fig. 1) revealed the pos@bilQ 
of including this subgroup in the identification scheme. The 
nucleotide sequence TGCGCA, located in the upstream 
primer ADRJC2 at positions 119 to 124, represents a cut site 
for the enzyme AtiII and thus would be shared by all serotype$. 
However, the same recognition sequence is repeated in Ad4!I 
and Ad41 at positions 74 to 79. This cut site is not present ib 
the analyzed sequences of the other subgroups, leading to E 
restriction pattern of bands of 19,45, and 76 bp for Ad40 antI 
Ad41 and bands of 19 and 121 bp for the serotypes from the 
other subgroups. In addition, Ad40 and Ad41 could be differ- 
entiated by TuqI, which produces a DNA restriction pattern 
with a band of 36 bp and two bands of 39 bp for Ad40 and 
bands of 36, 39, and 48 bp for Ad41. Evaluation of 8 clinic-@ 
isolates of subgroup F and 12 isolates of other subgroups (A tb 
E) by RE analysis produced patterns that agreed 100% with 
the expected RE patterns (Fig. 4). 

DISCUSSION 

Preliminary evaluation of the identification protocol de- 
scribed in this study involved testing of adenovirus serotypes 
that belong to the different subgroups. In all cases, the pre- 
dicted restriction patterns were observed on gel electrophore- 
sis. The predicted smaller fragments of 6,9 and 11 bp could not 
be observed, and fragments with similar sizes (71 and 69 bp 
with Ant11 for subgroup E and 41 and 43 bp or 46 and 47 bp 
with MnZI for subgroup D) comigrated on the gel, appearing as 
a single band. These fragments could not be visualized br 
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PCR product 
140 bp 

-.I/ 

MI/I 

Ad12. l&31 
or 

Subgroup C 
Adl. 2, 5, 6 
(6.134)bp 

Subgroup D 
Ad8 

(6,41,43,5O)bp’ 

AdlO, 17. 19. 28, 37, 48 
(6,41,46,47)bp 

I 
Adit. 10 

(6.11 36,39,48)bp 

-A 
BseRI 

I 
Ad17. 19, 28, 37. 48 

(6,9,11,36,39,39)bp 

&  
FC?ld 

4-l 

Subgroup A  Subgroup C 
AdI2,31 Ad 2,5, 6 

(6, If, 48,75)bp (6,11,36,87)bp 

t 
Ad8 

140 bp 
t 

Ad18’ Adl’ 
Ad17. 19,28.48 (6,11,36,36,48)bp (6,11,36,85)bp 

140 bp 

Subgroup B  
Ad3, 7. 11. I4 

or 
Subgroup E  

Adlp, 4a 
C&41, Wv 

Subgroup E  Subgroup B  
Ad4p. 4a Ad3.7, 11, 14, 

(69, -Wp 140 bp 

&  
TuqI 

I I Ad4D Ad4a 

L Ad10 L Ad37 
(6,9,11,39,7S)bp (6,9,11,36,39,39)bp 

(31,109)bp (49,Yl)bp 

FIG. ‘2. Subgenus identification scheme for adenovimses. PCR products are first treated with M&I  for differentiation into subgroup D, subgroups A  and C, pr 
subgroups B  and E. Tog1 discriminates between subgroups A  and C, and Aall1 ddkrentiates subgroup B  from subgroup E. The enzyme Toql also ditferentiates A  8 
and Ad10 from the remaining serotypes of subgroup D analyzed. In subgroup E, TaqI produces distinctive patterns for Ad4p and Ad4a. The enzyme BseRI cuts 1: I 
the analyzed isolates of subgroup D except those of Ad& The sizes of the DNA fragments generated are given in parentheses. O, AdlO, Ad17, Ad19, Ad28, Ad37, 
Ad48 could share this restriction pattern with Ad8 on the basis of RE sequence analysis, but in practice it does not appear to be favored. b, based on RE 
analysis only (Foul is not commercially available); E, sequence analysis (Fig. 1) shows PCR products of 138 bp (Adl) and 137 bp (Ad18). 

separated even when a high percentage of polyacrylamide (up 
to 15%) was used. Smaller fragments may have been dena- 
tured into single-stranded DNA, which does not bind to 
ethidium bromide as efficiently as double-stranded DNA. AI- 
temative procedures such as silver staining, which has been 
shown to be more sensitive than ethidium bromide in visual- 
izing smaller fragments (9), were not applied in this study. As 
the small fragments were shared between the subgroups of 
concern and were mostly generated from cut sites located in 
primer ADRJCI, they would have no value in identification. In 
addition, exclusion of attempts to resolve these fragments led 
to simplified restriction patterns and shorter electrophoresis 
times, as visualization of smaller fragments may require a 
higher percentage of polyacrylamide and, thus, longer electro- 
phoresis times for complete separation. 

The accuracy and the reproducibility of the test were con- 
firmed by blind evaluation of 56 clinical isolates that had been 
typed by NT and/or RE analysis of DNA extracted from in- 
fected cells. For all but five isolates the test results were in 
agreement with those of the NT assay (91%) [51 of 561). This 
value is similar to that obtained by the study of Kidd et al. (21), 
in which a PCR-based identification method correlated 91.5% 
with the results of serotyping by NT. This discordance may be 
due to misidentification by NT or RE analysis, although the 
possibility cannot be excluded that the RE profiles of the 
targeted conserved regions of other adenovirus strains do not 
match the RE profiles demonstrated in this study and that 
intermediate strains may be encountered (3, 8, 17, 27). 

The protocol developed in this study showed a reliable dis- 
criminatory power for adenovirus subgenera and sometimes 

for adenovirus serotypes and even genotypes. The important 
epidemic keratoconjunctivitis-causing serotypes of subgroup D 
(Ad& Ad19, and Ad37), both serotypes of subgroup F (Ad90 
and Ad41), and the genotypes of Ad4 (Ad4p and Ad4a) we e 
easily differentiated, but none of the serotypes within su L 
groups B or C could be distinguished by this method. Never- 
theless, identification of most adenovituses to the sero 

T level is often no more useful to the clinician than identificati n 
to the subgenus level (21). 

Although in our previous study (11) the primer pair 
ADRJCl-ADRJC2 failed to amplify DNA from Ad40 a d 
Ad41, reevaluation of these primers led to successful amp1 & - 
cation of the 140-bp PCR product from clinical isolates /of 
Ad40 and Ad41, and analysis of the published nucleotide $,e- 
quences of these serotypes revealed that they could be ea$y 
distinguished from other serotypes. Thus, for characterizatibn 
of adenoviruses in fecal samples, the identification sche 

iii 
e 

could be modified to start first with the enzyme AviII, wh h 
places subgroup F in one cluster and the other subgroups (A to 
E) in another. Characterization of subgroups A to E co Id 
then follow by using the scheme in Fig. 2, and typing of A i 0 
and Ad41 could be achieved with TuqI. 

Several studies have used PCR-based identification systems 
for subgrouping or subtyping of adenoviruses. Kidd et al. (21) 
described a PCR-based subgenus identification protocol with 
primers which bind to regions that flank virus-associated RN/4- 
encoding regions of the adenovirus genome, but the system 
does not differentiate between adenovirus serotypes of clinical 
importance, such as Ad& In the study of Saitoh-Inagawa et al. 
(33) 14 strains from subgroups A to F were differentiated with 
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(A) Mnll restriction patterns 

14Dbp 
134 bp 

46 and 47 bp 
41 bp 

(B) Tug1 restriction patterns (C all1 restriction pattern 

bp 

(D) BseRI restriction patterns (E) TagI restriction patterns 

and 71 bp 

39 bp 
36 bp 

FIG. 3. Blind evaluation of 11 clinical isolates. PCR products were treated with MnU (A), ToqI (B and E),AnfIl (CT), and BseRl (D) by following the identitica ion 
scheme and were separated on 8% polyacrylamide gels. Tl~lhe restriction patterns shown are consistent with Ad8 for isolates 5, 9, and 11, Ad10 for isolate 1, Ad1 or 
Ad37 for isolate 4, Ad4a for isolates 6 and 10, subgroup C for isolates 2,3, and 8, and subgroup B  for isolate 7. Lanes M, IO-bp DNA ladder, lanes U, uncut PCR pr d uct 
W ’ W  

a combination of three REs. However, the procedure requires 
the use. of nested primers. Other approaches with PCR-based 
identification protocols used serotype-specific primers that tar- 
get serotype-specific regions in the hypervariable or variable 
domains (2,28,29) or that rely on the sequencing of serotype- 

specific regions (24, 36). Whereas the former approach is 
prone to possible PCR failure due to variation in the genqtic 
makeup of the target region between strains of the same se- 
rotype, the latter can be cumbersome and requires expensive 
instrumentation. 
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TABLE 1. Blind evaluation of the PCR-based identification scheme MU1234 56789lOIlI2UM 

IdentIty by: 

PCR-based ldentifkation scheme Vii neutralization No. of 
isolates 

Subgenus Serotype Subgenus serotype 

Concordant results 
A 

B 

C 

IY 

E 

Discordant results 
C 

D 

E 

Total 

12 or 31 
12 or 31 
NA” 

NA 

8 
10 
19 or 37 
4a 

NA 

10 
10 
4a 

A 

B 

C 

D 

E 

A 
B 
D 
B 
C 

12 
31 
3 
7 
11 
16 
21 
2 
5 
8 
10 
37 
4 

31 
14’ 
9 
7 
9 

6 
3 
7 

56 

* NA, not applicable. 
b PCR-based identification is based on the assumption that only Ad8, AdlO, 

Ad19, and Ad37 are included in the blind testing. 
c The isolate was typed as Ad34 or Ad35 by RE analysis of the whole genome. 
‘The isolate was identified as Ad2 by RE analysis of the whole genome. 

The PCR-based identification method described here has its 
own inherent disadvantages. Although most of the RF3 used 
were chosen so that their discriminatory power is based on the 
appearance of different restriction fragments, one enzyme, 
&&I, differentiates between Ad8 and Ad10 because it cuts 
the latter but does not cut the former. This is also true for 
AarII, which cuts adenoviruses of subgroup E but not those of 
subgroup B. In such cases, it is difficult to control whether 
negative results (uncut 140-bp band) indicate the expected 
adenovirus or merely the failure of the enzyme to cut the PCR 
product. For &RI, an additional confirmation is that Ad8 can 
be differentiated from Ad10 on the basis of RE analysis with 
M&I. Unfortunately, in the case of RE analysis with AatII for 
differentiation of subgroup B and E, no other enzyme can be 
used to control for its activity. Incomplete cutting by the RI3 
can also cause difficulties. This was most commonly encoun- 
tered with BseRI and Mnfi, but the problem was readily over- 
come by extending the incubation from 3 h to overnight. 

The identification scheme used in the present study appears 
to be sensitive and simple. The PCR has a detection limit of 10 
to 40 copies and is inclusive of all the serotypes tested in this 
study. The test can be applied to clinical samples, and with a 
maximum of four restriction enzymes, complete subgenus 
identification can be achieved within 24 h. For eye swab spec- 
imens, only one enzyme (Mnn) is required to exclude or in- 
clude adenoviruses of subgroup D. With the same enzyme it is 
possible to include or exclude Ad8. In addition, the test has 
advantages beyond adenovirus subgenus determination, which 
should also make it useful for epidemiological surveys. With 
the exception of subgenera E and F and possibly subgenus D, 
the subgenus identification of an adenovirus isolate can facil- 
itate serotype identification by NT or serotype-specif ic PCR. 

FIG. 4. Differentiation and typing of adenovirus subgroup F. PCR productp 
from representative clinical isolates of subgroups A to F were treated with thb 
enzyme An11 (Ad types 8, 10, 2, 5,3,7, 11, 14,21, 4p, 4a, and 31 [lanes 1 to 11, 
respectively]) (A) and Ad40 and Ad41 (B). (C) TaqI DNA restriction pattemk 
for subgroup F (lanes 1 fo 5 and 7, Ad41; lanes 6 and 8, Ad40). Lanes M, l&b+ 
DNA ladder; lanes U, uncut 140bp PCR product. 

Once the subgroup is identified, serotyping or serow confib 
mation can be achieved with a minimum number of neutrali& 
ing antisera or by type-specific PCRs. The latter can be cow 
bined to include primers for all the serotypes of a subgrouj, 
(subgroup-specif ic multiplex PCR). 
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Comparative Inactivation of Viruses by Chlorine 

The kmetlcs of inacti\*ation of six enteric viruses pius simian virus 40  and  
KiJham rat vn-us by free available chlorine was studied under  carefully control led 
fabornto~y condztions. It was found that the different virus types demonstrated a  
wde range of’ susceptibility to chlorine disinfection. The rate of inactivation was 
greater at $3  G  than at pH 10; however,  the relative susceptibilit ies of the 
different v~ruscs were affected diffcrentlv by  a  change in pH, suggest ing &hat the 
pH inf luenced both the species of chlor& present and  the susceptibility of the 
different viruses to chlorine. The presence of potassium chloride also affected the 
susceptibility of viruses to chlorine. 

It was common practice in the early studies 
on  the vimcidal action of chlorine to compare 
results with those achieved with Escherichia 
coli. For example, m what was perhaps the first 
well-defined study, Clark and  Kabler (1) found 
purif ied coxsackievirus type A2 (coxsackie A2) 
to be  quite resistant to free available chlorine in 
that the amount  required to inactivate the virus 
was between 7  and  46  times that necessary to 
kill E. coli. In a  subsequent  study, it was ob- 
served that adenovirus type 3  and  E. coti dem- 
onstrated about  the same degree of susceptibil- 
ity to free chlorine (2). 

In 1956,  Weidenkopf  (6) reported that 99% 
inactivation of poliovirus type 1  (polio 1) was 
achieved with 0.1 mg of free chlorine per liter in 
10  min at pH 6  and  0°C. For the same degree of 
inactivation, mcreasing the pH to 7  increased 
the reaction time by approximately 50%. Both 
Weidenkopf  (6) and  Clark et al. (2) indicated 
that an  increase in pH from 7  to 8.8 or 9  in- 
creased the inactivation time for viruses about  
sixfold. Considering the fact that the ratio of 
hypochlorous acid (HOC0 to hypochloritc ion 
(OCl-) is a  function of pH, these results indicate 
that HOC1 is more dffective in inactivating vi- 
ruses than OCI-. However,  an  invest i@on re- 
ported by Scarpino et al. (4) showed ihat the 
OCI- ion was more effective than HOC1 in in- 
activating polio I. In fact, OCJ- was seven times 
more effective than HOCI. This observat ion was 
contrary to the f indings of others (2, 6) and  to 
the general ly accepted understanding of chlorine 
disinfection. It was indicated by Scarpino et al. 
(4) that the borate-KCl-NaOH buffer used in 
their study may have caused the unusual  HOCI- 
OCI- effect. 

Of the other studies on  the inactivation of 
viruses by chlorine reported in the literature, 

the detai led investigation performed by I&I et 
al. (3) is particularly noteworthy. In discussing 
inactivation of viruses by chlorine, the authors 
point out that, of the studies performed !since 
1950,  only about  nine enteric viruses havei been  
tested for their response to chlorine. whereas 
over 100  enteric viruses have been  described. 
Considering all the available data, they’ con- 
c luded that there was sufficient ev idence LO in- 
dicate that a  range of dif ferences in resistapce to 
chlorine existed among the viruses exa&ined. 
Except for adenovirns type 3, most viruses tested 
have shown a resistance to chlorine abqut  10  
times greater than that of the enteric bacteria. 

W ith this background,  L,iu and  his co-wbrkers 
examined 20  strains of human enteric v’ 

3  

s for 
their response to free chlorine. The expe ’ ents 
were performed by adding individual v’ ses to 
Pdtomac River water which was p  

I? 
ially 

treated by coagulat ion with alum and  fd ation 
through sand. Chlorine was added  at one  dosage,  
0.5 mg/liter, to water having a  pH of 58  and  
stored at 2°C. Samples for viral assay were with- 
drawn with time, corresponding to diiere t con- 
tact times. To  illustrate the wide range o  

I 
resist- 

ance to chlorine of the viruses studied, he  au- 
‘tbon point out that the most susceptil./Ie was 
reovirus type 1, which required 27  mini for in- 
ncti\;ating 4  logs (93.99%) of the virus ith 0.5 
mg ef free chlorine per liter. The most 

a  
i&ant 

was polio 2, which required 40  min for t e  same 
degree of inactivation. It would appear  
conclusion is based on  extrapolating th 
mental data by using first-order 
other hand,  using actual experimental 
most resistant virus would seem to be  
type 12  (echo 12). which required a  
of greater than 60  min for 99.99% 
Liu et al. (3) concluded from their ex  
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“dues that, “a~ ,p~ps, the reoviruses are clef+ 
nitely the least resistant to chlorine treatment; 
h&h adenovhes and echoviruses are relatively 
less re&bnt; and the poliovin~ses and coxsack- 
ieviruses are the most resistant.” 

Because of the unusual results reported by 
Scarpho et & (4) and the significance of the 
data presented by Liu et ai. (3), coupled with the 
hpt)rt,.snce associated with the question of vi- 
ruses in public water supplies, a research study 
was undertaken to confurn their observations 
and, at the same time, to obtain additional in- 
formation on the inactivation of viruses by cl&~- 
)+rm. Specifically, this study examined the effect 
of virus type, pH, and potassium chloride on the 
kirmtics of virus inactivation by free available 
chlorine. 

MAIXRIAIS AND METHODS 
Preparation and purification of Rtock viruses. 

Five of the picomaviruses used in this study, polio 2 
(Lansing), coxsackie A9 (Gig&s), coxsackie B6 (Faulk- 
ner). echo 1 (Farouk), and echo 5 (Noyce). were ob- 
tamed from the National Institutes of Health. Be- 
thesda. Md. The sixth picomavirus, polio 1 (Maho- 
ney), was provided by Gerald Berg, U.S. Environrnen- 
tal Protection Agency, Cincinnati, Ohio. All six of 
these viruses were cultured on Buffalo green monkey 
kidney cells; virus titer assays were determined with 
the same cell line by the plaque technique. 

Simian virus 40 (SV40), n papovavirua, wks obtained 
from Lowell Hager, Department of Biochemistry, Uni- 
versity of Illinois. ‘IS virus was cultured on CV-I 
cells. a derivative of the African green monkey kidney 
cell line. Vii titers were obtained by the plaque 
technique 

Kilham rat virus. a parvovirus, and the rat ne- 
phroma cells in which the virus was cultured were 
provided by Lois k Salxman, National Institutes of 
Health. The plaque assay technique was not practical 
with Kilham rat virus, since the virus will proliferate 
only in actively growing cells. Therefore, the virus was 
assayed by the hemagglutination (HA) technique, by 
plating quintuplicata portions of a virus sample which 
had been exposed to chlorine on rat nephroma cells. 
After the appearance of cytopathic effect, the cells 
contaimng progeny virus were scraped from the plates, 
froren and thawed three times, and centrifuged, and 
the HA technique was used on the supernatant Data 
h each time paint were recorded as the average of 

. he separate HA titers. 
AU vh~ prcparationa were plaque purified and 

fie&llY plssaged until stocks of adequate titers were 
obmiufd ie., 16’ to loa phque-forming units/ml The 
PLaquePurified stocks were processed to reduce the 
chlorine demand of the preparations, using the pm 
cc&e Jw-Sed by Sharp et al. (5); equal portjon~ of 
Pooled vhs fractions were stored at -7O’C. 

Preparation of CDF buffer and chlorine solu- 
th. Chkhe demand-free (CDF) buffer was \r;ed a~ 
the swmding medium in all of the inactivation ex- 
perin)entJ. The CDF buffer was prepared by ad&g a 
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sufiicient amount of Clorox (Clorox Corp., Oakland, 
Calif.) LO deionized distilled water to achieve a free 
chlorine residual of approxunately 5.0 mg/liter. After 
storage at room temperature for several days, this 
chlorinated water was used to prepare the appropriate 
buffer. For experiments performed at pH 6 and 7.8, a 
0.05 M sodium phosphate buffer was used. A 0.65 M 
borate buffer (HBOs-NaOH) without KCI was used 
with the experiments performed at pH 10. After ad- 
drtion of chemicals to the chlorinated water, both the 
phosphate and borate buffers were boiled for several 
minutes, cnoled to room temperature. and exposed to 
ultraviolet light for 48 to 72 h to achieve dechlorina- 
tion. All buffer solutions were analyxed for the absence 
of chlorine by the orthotolidine test before use. When 
the orthotolidine test was negative, the buffers were 
considered to be chlorine demand-free 

The stock chlorine solutions (0.1% available chlo- 
rine) used in the inactivation experiments were pre- 
pared by using Clnrox, since these solutions proved to 
be more stable than those prepared from chlorine gas. 
To compare the two chlorine solutions (Clorox versus 
chlorine gas), an inactivation experiment was per- 
formed with polio I by using both solutions; no differ- 
ence was observed in the inactivation rate with the 
two chlorine solutions. 

ExPerimental equipment and procedure. The 
virus inactivation experiments were performed by us- 
ing a multiple laborntory stirrer (Phipps and Bird, 
Richmond, Va.), with separate stainless-steel beakers 
containing CDF buffer being used to monitor simul- 
taneously virus inactivation, temperature, and bee 
available residual chlorine (Wallace and Tiernan, Am- 
perometric Titrator. Penwalt Corp., BelleviUe, N.J.). 
To initiate a virus inactivation experiment, 1 ml of a 
virus preparation was added to 400 ml of CDP buffer 
having the appropriate free available residual chlorine 
concentralion. At various times afterward, 5rnf por- 
tionrraere removed and added to sodium thiosuifate 
(12 mg/ml) to neutralize the chlorine, and theremain- 
ing viruses were titered. 

The results present data from at least tbreo ~epa- 
rate, identical inactivation experiments. Experimental 
error was generally less than 20%. The 99% inactiva- 
tion data were obtained graphically by plotting per- 
centage of virus survival against time of exposure to 
chlorine. 

RESUJZS 
Effect of pH on chlorine inactivation. Ex- 

periments were performed with polio 1 and 2. 
echo 1 afid 5, and coxsackie A9 and B5. These 
viruses were selected for their reported wide 
range of ksceptibility to chlorine (3). of the 
above viruses, polio 2, echo 1, and coxsackie B5 
were identified as the most resistant to chlorine 
of the respective virus pairs. To evdte the 
effect of pH and the resulting predominant spe- 
cies of chlorine on virus inactivations, the inac- 
tivation of these six viruses was studied at pH 6 
and 10. Chlorine inactivation studies were ako 
performed at pH 7.8 with echo 1 and 5, coxsackie 
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B5, and polio 1  in order to have data comparable 
to those of Liu et al. (3j Table 1  summarizes the 
results. giving the time required for 99% enacts- 
vation of the six picurnaviruses at pH 6  and  7.8 
in phosphate buffer and  at pH 10  IA borate 
buffer. 

All of the chlorine mactivatlon experiments 
were performed at 5  * 02°C. The $1  never  
varied more than 0  5  unit dur ing any experiment. 
The initial virus titer in each experunent  was 
about  10  plaque-forming units/ml, and  the dos- 
age  of chlorine was 0.50 to 0.53 mg/liter. The 
residual chlorine level, as  measured ampero-  
metrically at the end  of each experiment, often 
decreased but general ly not more than 0.03 mg/ 
liter. This decrease represents approxrmately a 
6% chlorine demand.  Table 1  gives the range of 
residual chlorine at the end  of each of three 
separate experiments for each of the viruses. 

There was a  significant dif ference In the time 
required for 99% inactivation of the various vi- 
ruses at pH 6 and  IO (Table I). In every case, 
the rate of inactivation at pH 10  was dramati- 
cally less than at pEI 6. For example, echo 1  was 
99% inactivated in 0.5 min at pH 6  and  in 96  min 
at pH 10, whereas polio 1  was 99% inactivated in 
Z 1  min at. pH 6  and  21  min at pH 10. 

The rank ordering in Table 1  demonstrates 

TADLE 1. Time requwed for 99% muctrvatim by 
free resdunl chlorine at 5.0 fr 02°C 

600 
Go3 
6.00-6 02 
6 ON.03 
600 
c 00-6.06 

7.81-7.8:! 

7.79-7.83 
7.80-7.84 
7.81-7.82 

10.00-10.01 
10.00-10.4~ 
9.8%10.0: 
9.97-10.0: 
9.99-10.4( 
9.9s1O.Q 

0.48-0.49 Echo 1  05  
0.48-0.51 Polio 2 12 
0.X3-0.49 Echo 5 13 
0 47-0.49 Polio 1 2.1 
O..iI-0 52  Coxssckie EG 3.4 

Coxsackie A9 NDb 
0.47-0.49 Echo 1  1.2 

Polio 2  NO 
0.48-0.52 Echo 5 1.8 
0.46-W\ Polio 1  1.3 
0.46-0.50 coxseckie B5 4.5 

0.48-O.Kl Coxsackie A9 1.5 
0.49451 Echo 1  96.0 
0.48-0.50 Polio 2 64.0 
0.49-0.51 Echo 5  27.0 
tL5o-0.52 Polio 1  21.0 
MO-O.51 Coxsackie B5 66.0 

Hank 

ing 

1 
2 
3 
4 
5  
6  

1  

3  
2  
4  

1  
6  
4  
3  
2  
5 

” Range of measured free chlorine residual in the 
test reactor at the termination of each of three sepa- 
rate experiments. 

*ND, Not determined 

the wide range of susceptibilit ies of related vi- 
ruses to chlorine disinfection. For example, at 
pH 10, coxsackie 85  was 40  times more resistant 
than coxsackie A9. Interestingly, there were sev- 
eral cases in which the relative susceptibility to 
chlorine was altered (rank ordering) between pH 
6  and  10, suggest ing important effects of pH on  
the virion as well as  on  the chlorine species. 
Echo 1  was the second most susceptible /virus at 
pH 6  but was the most resistant at pH Jfl Polio 
1  was one  of the most resistant viruses +t pff 6; 
however,  it was relatively susceptible at pH 10  
when compared with the other virused at this 
pH value. This can be  seen most clejarly by  
inspection of Table 2, in which the tune dequired 
for 99% inactivation of the viruses and  tatios of 
inactivation rates at pH 6  and  10  are co’ pared. 
It should be  noted that at pH 6  and  “C, ap- P 
proximately 98% of the chlorine was ini the hy- 
pochlorous acid (HOC]) form, whereas .+t pH 10  
and  0°C. only 0 .5% of the chlorine waj present 
aa  HOC& the remainder being preser$ in the 
dissociated form as hypochlori te ions (OCI-). 
Even at pH ‘7.8, differencesin relative guscepti-  
biiity nppeared when rank ordered apd  com- 
pared with results at pH 6  (Table 1). Polio 1  and  
echo 1  were inactivated at approximqtely the 
Same rate at pH 7.8, whereas their rakes were 
quite different at pH 6. Of particular/ i?terest 
was the observat ion that polio 1  was ingctlvated 
more rapidly at pH 7.8 than at pH 6. This 

J suggests that the effect of pH in this r nge (pH 
6 to 7.8) may be greater on the structure and  
reactivity of the virus than on  the species of 
chlorine. 

Figure 1  shows the dif ferences in the kinetics 
of inactivation of the two types of pblio- and  
coxsackieviruses at pH 6 and IO, with b,5 mg  of 
free available chorine per liter nnd  at PC. Each 
pair of viruses from the same subgrou ‘is shown 
on  one  figure for purposes of camp 

t 

n, and  
each curve represents the average o  three or 
more separate experiments. It is sig ficant to 
note that some virus types closely sembled 
each other in their kinetic response td chlorine, 

TABLE 2. C!omparison of virus inacfioaf 
residual chlorine at pH 6.0 and fo.0 and 

Time for 99% iludiv tion (min) 
viis type 

pH 6.0 pH 10.0 : Retie’ 

Coxaackie AS . 0.3 1.5 5 
Echo 1  ._ 0.5 96.0 ; 192  
Polio 2 . _. _. _. 1.2 64.0; 53  
Echo 5  . . t.3 27.0 21 
Polio 1 . _. 21 21.0 IO 
Coxsackie 35 3.4 66.0 19 

a Time required at pH lO.O/time require(l at pH 6.0. 
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FIG. 1. lna~r~uation kinetics at 5°C. (A) Polio 1 and polio 2 with 0.47 to 0.51 mg offree amibdde chlorine 

per liler of pH 6.0; (B) cox.wchie A9 and coxsackie B5 with 0.46 to 0.52 mg of free available chlorine per titer 
ot pH 6.0; (C) polio I ad polio 2 with 0.46 to 0.52 mg of fie avaiiabk chlorine per liter at pH 10.0: (0) 
c*omnckie A9 Md cozvockie B5 with 0.48 to 0.51 ng of free markable chlorine per titer at pH 10.0. 

whereas others did not. For example, coxsackie maticdy more resistant to chlorine (Fig. IB). 
A9 at pH 6 showed a rapid decrease in titer The half-life of coxxackie A9 was about 2 S, 
followed by B somewhat slower rate of inactiva- whereas the half-life of coxsackie B5 was ap- 
tlon, whereas coxsackie B5 appeared to be dra- proximately 0.5 min. a S-fold difference- 
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Figure 1A shows the kinetics of inactivation 
of polio I and  2  at pH 6  and  5°C with 0.5 mg of 
free available chlorine residual per  liter. These 
viruses had  similar inactivation kinetics, con- 
trary to the results of the two coxsackieviruses 
(Fig. 1  B). Initially, both polioviruses hnd  a  half- 
life of approximately 8  to 10  s. However,  a  sig- 
nificant dif ference in the rate of inactivation for 
polio 1  and  polio 2  appeared after approximately 
30 s of exposure to chlorine. Two logs of polio 1  
were inactivated after 2  min, whereas polio 2  
was inactivated to the same extent in half the 
tune. This is a  consequence of the nonlinearity 
of the inactivation curves. 

This nonlinearity was most likely due  lo a  
dif ference in degree of aggregat ion between the 
two viruses, a l though dif ferences in the rate at 
which chlorine and  the neutralizing thiosulfate 
solution penetrate the capsid could also have 
contributed. Limited results with sucrose gra- 
dients suggested that virus aggregat ion 
amounted to 0.5 to 8% of the particles in the 
virus stock preparat ions (data not shown).  This 
is consistent with the deviation from single-hit 
kinetics of poliovirus, between I- and  2-log in- 
activation (see Fig. 1A). Whether  strain-specific 
variations in the degree of aggregat ion consist- 
ently generate dif ferences in inactivation kinet- 
ics remains to be  determined. The results with 
polio I quantitatively agree with those reported 
by Weidenkopf  (6), including the biphasic nature 
of the curve. 

Since phosphate buffer was used in prepar ing 
the CDF buffer solution at pH 6  and  borate at 
pH 10, it was important to determine whether 
the buffers themselves affected the rates of in- 
activation. Figure 2  compares the kinetics of 
chlorme inactivation of polio 1  at pH 7.8, using 
both the borate and  phosphate CDF buffer so- 
lutions. The curves are indistinguishable, indi- 
cating that the buffer ions were probably not 

I responsible for the previous results. 
Chlorine inactivation experiments were per- 

formed at pH 7.8 with echo 1, coxsackie B5. and  
echo 5  in order to have data comparable with 
those of Liu et al. (3). Figure 3  compares the 
chlorine inactivation of these three viruses at 
pH 7.8 with 0.5 mg of free available chlorine per 

r 
liter and  at 5  f O.YC. The times for 99.99% 
inactivation of these three viruses were less than 

> the times reported by Liu et al. (3) in their 
Potomac River water study. Liu et al. (3) found, 
assuming a  first-order reaction and  by extrapo- 

E lating their experimental data, that echo 5  re- 
quired 8  min. polio 1  required 16.2 min, echo 1  
required 27  min, and  coxsackie B5 required 39.5 

f min to achieve 99.99% inactivation with 0.5 mg 
. of free available chlorine per liter in Potomac 

River water at pH 7.8 and  2°C. Extrapolation of 

NaOH Buffer 

Contact Time, min. 
FIG. 2. Inaciivation kinelics o/poti I with 0.46 to 

0.51 mg of free available chlorine per liter in phos- 
phate buffer and boric acid-N&H buffer al pH 7.8 
and S.O”C 

the data generated in this study indicated that 
echo 5  required 4.5 min, polio 1  required 3  min. 
echo 1  required 4.7 min, and  coxsackie B5 re- 
quired 6.7 min for the Same degree of inactiva- 
tion of the virus with 0.5 mg of free available 
chorine per liter at pH 7.8 but with CDF buffer 
solution and  at 5°C. Compar ing the results of 
these two independent  studies and  neglect ing 
the small dif ference in temperature between the 
two sets of data, it would appear  that the inac- 
tivation of the virus in natural water, i.e., Poto- 
mac River water, may differ significantly from 
that which occursin CDF buffer solution. It is 
entirely possible that other technical dif ferences 
could account  for the divergence in results ob-  
tained in this study and  those of Liu et al. (3). 

Chlorine inactivation as a  function of vi- 
NS group. The picomaviruses, having r ibonu- 
cleic acid as their genetic material, appeared to 
differ widely in their susceptiiility to chlorine 
(Table 1). The possibility that v irusgroups other 
than the enteroviruses might also differ greatly 
with respect to chlorine susceptibility was also 
considered. Thus, the susceptibility to chlorine 
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LEcho I 
(Farouk) 

7 

Contact Time, mln 
FIG. 3. Inoctwntron kinefrcs of echo I. echo 5, and 

coxsnckie 05 wtth 0.47 to 0.52 mg oJ free avatlnble 
chlorrm per IAT at pH 7.8 rind S.O”C 

of Kilham rat virus, a parvovirus containing 
single-stranded deoxyribonucleic acid, and 
SV40, a double-stranded deoxyribonucleic acid 
oocogenic virus, was determined. Although nei- 
t.her virus has been detected in water supplies, 

-the response of both viruses to chlorine does 
confirm the observation that there is a wide 
range of chlorine susceptibility among the vi- 
JUUS~S. Tables 3 and 4 give the kinetics of inacti- 
vation of Kilham rat virus and SV40, respec- 
tively, at pH 6 with 0.5 mg of free available 
chlorine per liter and at a temperature of 5°C. 

Xilham rat virus was no more resistant to 
chlorine than any of the picomaviruses. being 
99% inactivated in less than 20 s. SV40 was even 
more susceptible to chlorine than Kilham rat 
virus, being 99% inactivated in IO s. Even though 
SV40 is considered by tumor virologists to be 
very hardy under sdverae conditions, it appears 
to be extremely susceptible to chlorine. 

Effect of potassium chloride on chlorine 
inactivation. Experiments were performed at 
5°C with 0.5 mg of free available chlorine per 
liter, using 0.05 M phosphate buffer (pH 6) and 
boric acid-NaOH buffer (PI-I IO) with and with- 
out 0.05 M KC1 added, to further investigate the 
reversal effect of KCI that waa observed by 
Scarpino et al. (4). Their results indicated that 
inactivation of polio 1 was more effective at pIi 
levels where the free available chlorine was pre- 
dominantly in the form of OCI- rather than in 

the form of HOCI. It was reported that inacti- 
vation of polio 1 at pH 10 was seven times more 
rapid than at pH 6. This is contrary to the 
findings of other investigators. The buffer used 
by Scarpino et al. (4) in their pH 10 experiments 
was 0.05 M borate buffer (HrBO,-KCl-NaOH). 
The pH 10 buffer system used in this study was 
also boric acid and sodium hydroxide, but with 
and without added KCI. 

The time required for 99% inactivation of polio 
1 by 0.5 mg of free available chlorine per liter at 
pH 10 was decreased approximately 50 times by 
the addition of 0.05 M KC1 to the boric acid- 
NaOH buffer system (Fig. 4). The rate of inac- 
tivation of polio 1 in 0.05 M phosphate buffer at 
pH 6, with and without 0.05 M KCl, was also 

studied (Fig. 5). Once again, the addition of KC1 I 
decreased sixfold the time for 99% inactivation: 
of polio 1. 

DISCUSSION 

The experimental results reported from this; 
study demonstrate the importance of three var-’ 
iables affecting the susceptibility of viruses to 
chlorine disinfection: the virus type, the pH, andi 
the ionic nature of the suspending medium. That1 
different viruses can display large differences in! 
susceptibility to chlorine was obvious evenj 
within the picomavints group, which displayed) 
a 64-fold range in the time required for 2.loq 
inactivation at pH 10. A more extensive survey 
of virus types could revel even wider diierences~ 
as indicated by the fact that SV40 was even 
more susceptible to chlorine at pH 6 than wasi 

TARJ.E 3. Chkmne inaetioation of Kicilhwn rat uiru~ 
by free residual chlorine at 5.0 2 O.Z’C 

Concn of MA titer 
Expt free chlo- - 

110. pH rinc in tzst 
reactor Control JOS 20s 60 

ImR/liter) 
.ms a, 

-1 6.01 0.48 1:1,638 1:1,792 1:3.2 1:1.6 o! + 

(IOO)~ (IOS) (0.19) (o.09) d 
2 6.04 0.49 1563 1:243 1:3.2 0 a 

WQ) (43) 10.56) 0 0 

” Percentage survival is given in parentheses. 

TABLE 4. Chlorine inactivatin of SIG0 by free ! 
residual chlorine al 5.0 fwOYC - . 

concn of &of virus 8univing 
freechto- &Pi . 

no. PH “ne’n test- Cal- 30 
tar hg/ Cd 105 20s * 

liter) 

1 6.01 0.49 1001.130 O! 
2 6.(yt 0.48 100 1.67 0.02 0 
3 6.02 0.48 100 0.69 0 0 
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the most susceptible of the picornaviruses 
tested. Liu et al. (3) have previously reported 
substantial dif ferences in chlorine susceptibility 
between different picornavirus types. However,  
the results reported here in general  reveal a  
greater degree of chlorine susceptibility than 
was observed by Liu et aL  (3). This disc 

I! 
epancy 

may be  a  consequence of the use of ,otomac 
River water by  Liu et al. (3), whereas CDF 
buffer prepared from distilled water wd used in 
the current study. It should be  noted th 
of the data presented by Liu et al. (3) we 
on  extrapolation from a  few early timei points. 
assuming first-order kinetics. This assqmpt ion 
may not be  warranted since many of thd viruses 
do  not display first-order kineticsof inac$ivation 
over the entire range, presumably due  id part to 
the aggregat ion of the virus. 

Frc.. 4. Innctiuotion hrnetics o/polro 1 with 0.46 IO 
0.49 mg of free wadable chlorine pm’ hter m  0.05 M  
boric ucid.NnOH buffer, wrth and u~rfhout 0.05 M  
KCI. rrt IIH 100 and fi.O”C. 

Since HOC1 is more reactive than OCU-. it was 
not surprising to fmd that the viruses e  
were inactivated more rapidly by chlori 
6  than at pH 10. However,  the relative! suscep- 

I I I I I I tibility of the different viruses changed barnat- 
0 5 lo 15 20 25 30 icaily with pH. Thus, echo 1, which was the 

Contoci Time , mm second most susceptible picomavirus zjt pH 6, 
was the most resistant at pH 10. Increabing the 
pH from 6  to 7.8 reduced the proport ion bf HOC1 
from approximately 98  to SO%, but had  only a  
slight effect on  the rate of inactivationiof most 
of the viruses studied. This indicates that pH 

4 affects not only the predominant speci of chlo- 
rine, but perhaps the susceptibility e  virion 
to inactivation also. The suggest ion ths hydro- 
gen  ion can alter the reactivity of viri ns  with 
chlorine is supported by the ubservat on  that 

i 

inactivation of polio 1  was dramatically ffected 
by the presence of potassium chlorid , being 
accelerated 50-fold at pH 10  and  only fold at 
pH 6. 

The wide range of susceptibility to ichlorine 
disinfection displayed by different vin/ses, the 
large effects on  inactivation due  to pH nd  ions, 
and  the fact that the effects of pH ions are 
themselves affected strongly by the v- s type 
make it highly unlikely that a  single v 

F 

swill 
prove to be  a  suitable indiczttoy for det rmining 
the adequacy  of the disinfection process in treat- Phosphote Buffer 

W ith 005  M KCI ing a  water supply. 
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4. twr’w of other I’ “~.&‘~~t* 
pntlbnm, however, 

Among nwropnic 

psthogen. Among C, 
moMswasfoundtobea 

psitive organisms the reh- 
tivu incidence of coaguleaa-posit ive StophysPcorrw la 
somewhat higher in this study than in o&r recent 
ruporlf. Uecoure patiente with exit rite i&&ON were 
m o m  hkely to have S. ourew isolated from t,be blood 
thun wogulese-negative Staphylocorrur (83 w. 26%), 
this predommance of S. aurcw may reflect the hge 
number of locul infections in thi population, 

These lindings suggest that the presence of an in- 
dwelling catheter, by breeching the epidermr+l barrier 
increases the risk of sepsis in all patientr bur &at tbi 
udded presence of neutropenia may alter the spectrum 
of pathogens responsible for infection. Furthermore 
in children with Broviac-type catheters the presence 
of an exit site infection and fever is highly predictive 
of bacteremia end should be initially managed as such. 

Because of the relatively small number of mtienta 
studied, individual factors such as age, duration of 
catheter use, type of indwelling catheter (Portacath* 
us. Broviacl or underlying malignancy which may 
serve to identify those patients at especially high or 
low risk of bacteremia cannot be identified This study 
sample, however, is broadly representaetive of the pop. 
ulation of oncology patients at a pediatric mferrdl 
center. W e  therefore conclude that immediate empiric 
antibiotic therapy is warranted in all pebtric cmcer 
patient.9 with fever and an indwelling central venous 
catheter, ragar$less of their absolute neutmphil count. 
Initial choice of antibiotic coverage should include 
ayen@ against a broad range of pathogens, including 
coagulase-negative staphylococci and other common 
epidermal organisms. 
ACKNOWLEDGMENT 

,  - -. . I  ““b,, ‘45‘ 

REFERENCES 

7. Sh*wo ED. W*ld ER. Nhn KA, Spirgtlmrn KN. Erwise 
cath*ur-nhtnl bammti in oncology p*ti*nu. Am J Da* 
Child 1981;13&678-B1. 

8. H*nnun GE. Shoehat SJ. Mmrpmmt ot **pnc complic*ttion* 
woc*wd with Silutic cmheun in chddhwd m*hsn*ncy. 
Pedirrr Infect Dii J 1987:6:1042-7. 

9. Vucoli C. Asp w  01 Infection~~n childwn wth c*nc*r. R*e*nt 
.“I: :988;108:71-.41. 
DecLr MD. Edw*rb M, et *I. Frequency of 

wtionr III prdutrw one&w p*d*nts. J 
.--as I- 38. 
ml CL. Hahn K. F*ldm*n JC, Rubin LG. lnr&,n IYICB II. Wun .~~ 

of BrwiwHickman e*m*c*m *na Impl*nl*bl* Y*~OUI drvtc*r. 
Am J DI* Chdd L988:142:53&40. 

12. Hi*m*nr J. Sk&on J, Pizza PA. Pcnpcctive on the m*n*g*. 
tnmu of uth*ter-r&ted mhction* in c*netr p*ri*nu. P*dl*tr 
Infect Di J  1986:5:6-11. 

Ptii 
14. B&y ‘ 

tern Ma 

__. .  . . “ .  _ 
. ~ . . -  - - . . . -  

wt Clin North Am 198&35:~79-612. 
?P. Antibiotic* in p*ti*nu with n*utrop*ni*. Arch In. 
d =44:144:1&651. 

1% PIZW PA. lsftni~w complic*rron* in thr child with c*nc*r 
p+phy&log 0r th* mmpromrvd host *nd rh* initial *“*I- 
wtmn *nd m*n*swn*nt of thr f*bril* C*DC*I p*ti*nt. J Podirtr 
1981;9&341-64. 

16. B*s*l* JE. M*h*r K, Cherry JD. RLk or mfscrian arrwti*r*d 
with the WI 01 Brovir l nd Hlckmrn whsrsrr. Am J lnf*ct 
Control lSd2;61:17-23. 

Astroviruses as a  Cause o f nosocomial ou tbreaks 
of infant d iarrhea 

HAMtDA ESAHLI, MD, KERSTIN BRBBiiCK, RUTGER BENNET, MD, ANNEKA EHRNST, MD, 
MARGARETA ERIKSSON, MD, AND KJELL-OLOF HEDLUND, PHD 

During a l&month study period at a chil- 
dren’s hosplLal, 32 children developed nosoco- 
mial gastroenteriris caused by astroviruses. 
Twenty-five of these occurred during 2 epi- 
demic outbreaks in medical andsurgical infants’ 
wards. From the community, 13 confirmed oases 
were admitted during the study period. Both 
community-acquired and nosooomid caees oc- 
curred during autumn, winter and early spring. 
The attack rates during outbreake ranged be- 
tween 7 and 62% and were highest among chil- 
dren with underlying gastrointestinal dieeaeee. 
Diarrhea and vomiting were the most common 
clinical manifestations. The median duration of 
symptoms was 4 days and that of virus excretion 
was 5 days. 

Hospital infection with astroviruses 1s com- 
mon and usually affects children less than 2 
years of age. The probable mode of transmission 
is spread via contaminated hands. 

INTRODUCTION 

_. _.- -.---- . . .-..- -- 

Nosocomiai viral gastroenteritis is common in in- 
fant wards.‘-’ Several studies have described the prin- 
clpal role of rotavirus ‘.‘*’ although Norwalk-like virus 
and astrovirus am also common.“’ 

Astrovimses are small round particles, 28 to 30 grn 
in diameter, with a five- or six-pointed star confip 
ration. It is a nonenveloped RNA-containing virus 
with five distinct polypeptides.” It was !imt described 
in humans by Appleton and Higgins’ and Madeley 
end Coagrove”’ in infants with mild diarrhea and 
vomiting. Strains of aslrovirus have been associated 
with outbreaks of diarrhea in lambs” and of hemor- 

Acccpmd for public*.rion April 10, 1991. 
From the K*rolinak* lnnirutt. D*p*runrnt or Pedi*vic*, St. 

Cor*n’s Children’, HorpiLal (HE, RB, ME). rnd rhr Dcp*nmrnt 
uf Virclo,n, C*ntral Mie~obmlopierl lrborrtory of Stockholm 
County Council (KB, AE. KOH). Swkhulm. Sw*d*n. 

K*y wards Asrmviw*. dl*rrhr*, cl*ctmn micmwopy, ini*nr. 
nawcomi*l, outbre*k. 

Addr*** ior reprint*: Dr. M*rgsr*tr Enkuon, St. Gdran’t Chil. 
dren’l Hospital. S.112 81 Stockholm, Sweden. 

rhagic hepatitis in ducklings.” Five human serotypes 
have been descriW.‘3 

The fewer studies on astrovirus compared with 
those on rotavirus could probably be explained by the 
milder symptoms of astrovims infections and by the 
difficulties in identifying and isolating the virus.” ” 
As a result we assessed the role of astrovirus as an 
etiologic agent of nosocomial and community-acquued 
gastroenteritis and investigated the clinical features, 
epidemiology and pattern of nosocomial spread in two 
outbreaks. 
MATERIALS AND METHODS 

Hoepital and wards. St. Gijran’s Children’s Hos- 
pital is a 250.bad pediatric teaching hospital with 
pediatric surgery and intensive care. It serves es a 
tertiary referral center. The hospital also has its own 
catchment area, serving a population of 1 million 
people of various social and ethnic backgrqunds. 

Isolation facilities are mainly provided by an infec- 
tious disease unit of 15 rooms. Patients with diarrhea 
are, whenever possible, admitted to this unit. The 
pediatric and surgical wards caring for children 
younger fhan the age of 2 years are situated on the 
same hospital floor. Each ward has 10 rooms, includ- 
ing 2 single rooms that can be used for isolation 
purposes. The patients are cared for by unshared 
nursing staff but physicians and medical students 
move between wards. 

Definihm Diarrhea was defined as sn increase 
in frequency to more than two per 24 hours and/or a 
change in consistency of stool. Gastroenteritis W O J  
defined as nosocomial when onset of diarrhea and/or 
vomiting began at least ‘72 hours after udmiaaion or 
less than 72 hours after discharge. Study puticnld wurc 
not routinely followed, but in one case rrndmi\\unca 
became necessary. 

The attack rate was defined as the IIUIUIXI~ (11’ ill. 
fected patients, divided by the number ul p1111un\r 111 
risk (those hospitalized for more tlwt~ :I tInyhI 

Data collection. This IS a retrospectiva nturly wv 
ering 16 months from September, 1987. LU L)uru~nl)or, 
1988. This period included two husll~t~tl wuhwrk* 01 
astrovirus gastroenteritia. Sluola Irulu 1111 rrt*nl (I( 
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nosucomiel diarrhea, as identified by the criterja 
alwe. were routinely sent for virus detection. How- 
ever, the majority of community-acquired cases of 
gustroenteritis of short duration admitted to the in- 
l’rctrous disease ward were not routinely att~&ed, Be- 
clause of rspid electron microscopic techniques (see 
below) we became aware of the two &stars of atm. 
virus infection when they occurred, During those pa. 
roods srool samples were also taken from uympr,o- 
macic roommates and family memben and,during the 
tirst outbreak, among staff. Serologic studies were not 
routinely performed. Fecal specimens were sent for 
bacteriologic examination according to the clinical 
judgment of the attending physician. 

Forty-eight follow.up samples were obtained from 
17 infected children, including 2 asymptomatic. More 
than 1 follow-up sample were obtained in 9 children 
(Fig. 2). 

The medical records of the patients with astrovirus- 
positive stools were examined. Data on sex, age of 
onset, underlying disease, nutritional status, clinical 
symptoms and other concomitant virus were recorded. 

Virological methods. Routine diagnostic service 
included electron microscopy of stool sampler from all 
children younger than 7 years of age attending St, 
Goran’s Children’s Hospital. Stool specimens sent to 
the virologic laboratory were examined by negative 
contrast electmn microscopy. One drop of a 10% sus- 
pension of feces was placed on a Formvar carbon- 
coated copper grid for 1 minute. The specimen was 
negatively stained with 2% phosphotungstic acid (pH 
6.0) and air dried. Two grids from each ape&en were 
examined in a JEOL JEM-IOOC electron microscope 
at x40 000. The specimen was considered negative if 
no virus was detected after 16 minutes of microscopic 
examination. 

Virus isolation was performed on all cases in which 
no agent was identified by electron micmecopy, pri- 
mariiy to detect nonenteric adenoviruses and entem- 
viruses. For this procedure 0.2 ml of the 10% fecal 
suspension was inoculated into tissue culture tubes of 
HeLa cells, green monkey kidney cells (GMK-AM) 
and humen rhabdomyosarcoma (Rd) cells. The cells 
were observed every 3 to 4 days for 2 weeks. 

Statistical method. Statistical analysis was per- 
formed by the chi square and Fisher exact tests, and 
I’ C 0.05 was considered significant. 
ttEsuLTs 

Incidence und epidemic outbreak. We found 78 
episodes of nosocomial diarrhea with a defined etiol- 
ogy in 63 palirnts. 111 7 episodes more than 1 virus 
was found; 43% were caused by rotavirus and 44% by 
sntrovirw ‘l’hirty.two of the 46 astrovirus infections 
were twwuniul whereas 134 of 167 rotavirus infec- 
liellr( tliiqmosrd during the same period were cornmu- 
IlilY w’rluirctl (I’< 0.001) (‘ruble I). 

There were two outbreaks in the last 2 weeks of 
September, 1937 (11 weea), and October-November 
1999 (15 cares) (Fig. 1). Each outbreak could hav: 
bean rektad to oarcommunity-acquiml index case. 
Spread betwean the infant medical and surgical wards 
pmbably ~ecurrad by transfer of patients before symp. 
toms of gaetrwnteritis had appeansd (Fig. I). Alto- 
gether 26 episodes of gutnmntaricir occurred in 26 
chikJren during these 2 outbreaks. The mean interval 
between index case and secondary episodea was 3 days 
(range, 2 to 13 days). The eaws of nosocomiaidiarrhea 
in the infectious disease ward could not be traced to a 
known contact. 
The median duration of hospitalization was 8 weeks 
(range, 1 to 46 weeks) and the median interval between 
admission and onset was 10 days (range, 3 to 120 
days). The attack rate in the medical ward during the 
first outbreak was 23% whereas the attack rate in the 
surgical ward was 62%. During the second outbreak 
the attack rates were 7 and 13%, respectively. The 

TABLE 1. Confumed hospitsl cases of viral 
gastrcenteritis, Septsmbrr, 1967. to November, 1955 

. No-lal 

case8 of nosocomial asrrovirus gastroenteritis outside virus gastroenteritis, one was udnbtlud with truumu 
the epidemic outbreaks were distributed between all and two with a concomitant urinury tract infection. 
wards and apparently did not give rise to secondary At the onset of gastroenteritts only live patients were 
csses. fully breast-fed. 
During the first outbreak fecal ramples were obtained 
from 27 staff members, 10 roommates, 3 parents and 
3 siblings. One parent and 2 roommates (Fig. 2, Pa- 
tients 6 and 7) were positive but asymptomatic. Two 
siblings, cared for at home, were positive and symp- 
tomath. All staff membera were negative. 

Characteristics of children with nosocomial 
end community-acquired aetrovirus gaatroen- 
teritis. The male:female ratio was 12~20 among nos- 
ocomial and 6~7 among community-acquired cases. 
The distributions in the age groups <l, 1 to 2. and >2 
years were 264.0 and 6,5,2, respectively (P < 0.01). 
The age distribution of the infants with nosocomial 
gastroenteritis did not differ from that of other pa. 
rients in the wards, Underlying diseases are shown in 
Table 2. 

Clinical features. The clirucal symptoms and 
signs in the patirnta with nosocomial and commumty- 
acquired gastroenteritis are compared in Table 3. 
Diarrhea was the most common clinical feature in 
both groups. Vomiting was reported in approxillltibrly 
66% of the patients, Fever was more frequent in 
community-acquired gastroenteritis but it was also 
reported in 31% of the nosocomial gastroenreritis. 
Upper respiratory symptoms occurred with equal fre. 
quency in both groups. 

Sixteen of 32 cases of nosocomial astrovirus gas- 
troenteritis were associated with gastrointestinal dir. 
esses (mainly gastroesophageal mflux and malforma- 
tions in the surgical ward, failum to thrive and celiac 
disease in the medical ward). During the two cluster 
periods the numbers of children with gastrointestinal 
diseases us. all children were 25 of 161 (medical ward) 
end 50 of 192 (surgical ward). Thus patients with 
gastrointestinal disease were overrepresented among 
infected children (P < 0.001 by chi square test). 
Among the children with community-acquired astro- 

Three of the dehydrated patients from each group 
had metabolic acidosis. One of the nosocomial ceses 
had hypertonic dehydration (serum sodium > 14.5 
mmol/liter). Five of the dehydrated patients in bog h 
groups (2 of 5 and 3 of 5, respectively) had orher fecal 
pathogens, all of them viruses, concomitantly with 
astrovirus. One patient excreted both rotavirus and 
adenovirus 10 days before the onset of gastroenteritis 
(Fig. 2, Patient 18). 

When serial stool samples were examined (Fig. 2) 
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~ 6  ca~cu la tud  f rw , w i th  th ree o r  m o r e  fecal  
~ ~ ~ ~ ~ y l a l r  unu lyzed,  0  days) .  T h e  dura t ion  of c l in ical  
i l lwan was  2  to 1 0  days  (med ian ,  4  daya l .Two ch i ld ren  
with commun i t y -acqu i red  gastroenter i t is  deve loped  
c l iu icul  symptoms  of t ransient  lactosa in to lerance of 
abor t  du ru r ion  (3  weeks) .  

N ine teen  of the ch i ld ren  with nosocomia l  gaat rwn-  
tarit is e i ther  we re  t reated with diet  modi f icat ion o r  
rece ived  n o  treatment.  E l even  we ra  g iven  ora l  rehy-  
dra t ion so lut ion e i ther  a lone  o r  in  comb ina t ion  wi th 
u l t ravenous fluid. In two pat ients ora l  in take was  
s topped.  

U I S C U S S I O N  
In the present  s tudy the c l in ical  a n d  ep idemio log ic  

features of two nosocomia l  ou tbreaks  of ast rov i rus 
infect ions a re  descr ibed.  T h e  a g e  of nosccomie l l y  in-  
fected cases  was  signi f icant ly y o u n g e r  than that of 
commun i t y -acqu i red  cases.  T h e  nosocomia l  sp read  of 
ast rov i rus infect ions was  m o r e  p ronounced  than that 
of rotav i rus infect ions. T h e  attack ra ta  of ast rov i rus 
infect ion a m o n g  casea  with gastro intest inal  d iaaase  
was  h igher  than in  ch i ld ren  with o ther  d iseases.  

It is in terest ing that the a g e  of the ch i ld ren  with 
nosocomia l l y  acqu i red  ast rov i rua infect ion was  lower  
than that of the commun i t y -acqu i rad  cases.  In o ther  
s tudies of nosocomia l  cases  the m e a n  a g e  has  a lso  
b e e n  1ow.s~  ‘“5  “*Is T h e  h igh  inc idence  in  the younge r  
a g e  g roup  a m o n g  noaocomia l  caaea  ix moa t  p robab ly  a  
resul t  of the fact that this a g e  g roup  domina tes  a m o n g  
the hospi ta l ized ch i ld ren  present  in  the wards.  Thus  
there was  n o  a g e  d i f ference be tween  infected a n d  
non in fec ted ch i ld ren  in  the wards.  Aa tmv i rus  infec- 
t ions in  the commun i t y  p robab ly  occur  m o m  often 
a m o n g  o lder  ch i ld ren  than has  prev ious ly  b e e n  ful ly 
apprec ia ted.  S imi la r l y  in  a  sa roap idamio log ic  survey  
in  the Uni ted K i n g d o m  IgM a n d  IgG ant ibod ies  to 
astrov i rus we re  detected not  on ly  in  infants but  a lso  
in  schoo l  ch i ld ren  a n d  e lder ly  pat ients.” 

T h e  h igh  re lat ive f requency of ast rov inu infect ions 
is most  l ikely in f luenced by  the tim e  per iod  of the 
study. It i nc luded  two outbreaks  of ast rov i rus infact ion 
a n d  the interval  be tween  them, but  on ly  o n e  rotav i rus 
season,  be tween  the two ast rov i rua outbreaks.  If bo th  
of the astrov i rus ou tbreaks  h a d  b e e n  omi t ted f rom the 
study, the re lat ive f requency wou ld  have  b e e n  8 . 3 %  
(exc lud ing  isolat ion-posi t ive adenov i rus  infect ions, 
sud  coinfect ions counted  once) .  In o ther  s tudies the 
re lat ive f requency of ast rov i rus nosocomia l  d ia r rhea  
has  b e e n  found to b e  5 .2%*  a n d  B.6%.” If on ly  ID88  
h a d  b e e n  ux ludad  the f requency wou ld  have  h e e n  3 5 % .  

‘I’h a  ini t ial  c l in ical  features of ast rov i rus gas t roan-  
tent in we re  uot  eas i ly  d is t ingu ishab le  f rom those of 
rotav i rus infect ion. T h e  m e d i a n  dura t ion  of the symp-  
lo rnn  was  4  days  a n d  the tim e  of excret ion was  1  week  

in  acco rdance  with fm d i n g s  by  others.“.rs In a  corn.  t 
pn r iaon  be tween  outbreaks  of rotav i rus a n d  aat rov i rus 4  
infect ions in  a  ger iat r ic  inpat ient  sample ,  the dura t ion  ?  
of ro tav i ru~ U lnesa  w a b  4  daya  a n d  the symptoms  we re  
somewha t  m o r e  savere,  but  the attack rata of astrovi.  
rus  infect ion w a e  h igher .” 

Nosocomia l  sp read  s e e m e d  to b e  a  feature m o r e  of 
aat rov i rus than of ro tav im infect iona. However ,  this 
m a y  b e  bi i  by  the greater  n u m b e r  of commun i r y -  
acqu i red  casea  of rotav i rus infect ions. Th is  in  turn 
m a y  ref lect the m i ld  symptoms  of astmvi tua gast roen.  
terit ia, wi th most  commun i t y -acqu i red  cases  never  
seek ing  med ica l  at tent ion:However,  in  a  study in  
G l a s g o w  6 0 %  of 6 2  astrov~rus- in fected pat ients h a d  
d ia r rhea  whe reas  1 2 % .  we re  aaymptomat ic ,  wh ich  was  
s imi la r  to the s i tuat ion wi th rotav i rus infections.* O f 
ver i f ied cases  of aat rov i rua gastroenter i t is  approx i -  
mate ly  one-ha l f  we re  found to b e  nosocomia l .” ” Pe r -  
haps  astrovi ruses,  as  has  b e e n  descr ibed  for rotavirus,  
m a y  b e  t ransmit ted by  the a i r -borne  route in  add i t ion’ 
to be ing  sp read  by  con tamina ted  hands.1°  

N o  par t icu lar  r isk g roup  of ch i ld ren  has  b e e n  de -  
f ined in  ear l ie r  studies, but  occas iona l  cases  in  ch i ld ren  
with preex is t ing in f lammatory  bowe l  d i aeaae  have  
b e e n  descr ibed.” In the present  s tudy one-ha l f  of the 
casaa  with nosocomia l l y  acqu i red  ast rov i rua infect ion 
h a d  a  gastro intest inal  under ly ing  d isease.  Th is  sug  
gears  that gastro intest inal  d i sease  is a  r isk factor. 

Bo th  breast  mi lk  a n d  ora l ly  admin is te red  ant ibod ies  
have  b e e n  shown  to protect  aga inst  infect ion a n d  to 
mod i fy  the sever i ty  of the i l lness caused  by  o ther  
v i ruses.“-” In the present  s tudy on ly  6 %  of those with 
nosocomia l  ast rov i rus we re  breast- fed.  In add i t ion 
gastro intest inal  d i sease  migh t  inter fere wi th the loca l  
de fense  system. These  factors m a y  together  contr ibute 
to a  suscept ib i l i ty to intest inal  infect ion. 

Coinfact ion wi th astrov i rus ando ther  pa thogens  has  
b e e n  repor ted  to b e  c o m m o n .  Nazer  et al.” repor ted  
that of 2 8  ch i ld ren  affected by  astrov i rus 1 6  excre ted 
other  pathogens.  In ou r  s tudy 1 0  pat ients, e i ther  wi th 
commun i t y -acqu i red  o r  nosocomia l  infect ion, con-  
comitant ly  excre ted other  v i ruses.  T h e  ch i ld ren  w h o  
excre ted astrov i rus in  comb ina t ion  wi th o ther  v i ruses 
we re  m o r e  often dehydra ted  but  the m e a n  dura t ion  of 
i l lness d id  not  differ f rom those w h o  excre ted astro-  
v i rus a lone.  

A l though  d ia r rhea  caused  by  astrov i rus m a y  b e  re l -  
at ively m i ld  a n d  therafore not  s t renuous to a  nonhos -  
p i ta l izad patient,  the p ronounced  tendency  to cause  
nosocomia l  sp read  of d ia r rhea  as  ev idenced  by  this 
s tudy a n d  by  o ther8” is of notewor thy concern  to 
pediat r ic ians.  
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B o o k  Rev iew  
Infect ion Cont ro l  in  the Ch i ld  Ca re  Center  a n d  
Preschoo l .  Ed i ted  by  Le igh  C. Donowi tz .  3 6 1  
pp.  Ba l t imore:  Wi l l l nms  &  Wi lk ins,  1091.  Soft  
cover,  $26.00.  

Thi r  is a  pea r  l i t t le book.  It be longs  in  every  pod iar r i -  
C I~CU’L  of l ice sad  in  everv  dav.cars center.  It b e a m s  with  
genera l  In format ion in  r& ions  t i t led T ranrmis r~on .  Po l i -  
cies, Cars  of H igh.Ri rk  Ch i ld ren  a n d  Cuidebnea .  T h e  rea l  
mea t  of this book  is the 5 4  chnpt rn  o n  rpec~f ic  infect ions 
f rom A d e n o u i r u a  to Yers in io .  E a c h  chapter  is b roken  into 
div is ions rn led  Cl in ica l  Mani fcr r~ t ionr .  E t io log ic  Agent ,  
Ep idemio logy ,  D iognor is .  Therapy.  Infect ious P e r i o d  a n d  
Infect ion Contro l .  Dr .  Donow i r r  h a a  d o n a  a n  r rce l lanr  Job  
of ed i t ing the muter ig  in to l anguage  that any  inte l l igent  lay 
person  C P ” unders tand.  Day-care  center  d inctorr  wi l l  b e  
ab la  to f ind out  wha t  to d o  in  specif ic r i tut ioru a n d  why  
thr m e p ~ u r e m  a re  n~cesrsry.  Psd ia t r ic iaru  can  turn to th* 
book  for sound  adv ice f rom exper ts  w h e n  they ar.  asked to 
adv ise the day -cam center  d i ractor  m d  parents.  Tb i r  is the 
most  eminent ly  prsct icsl  a n d  usefu l  book  to c o m e  a long  in  
yews.  R u n  to your  book  store a n d  buy  it. 
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