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One of the central concepts of modern infectron con- 
trol 1s that one must have a thorough knowledge of 
the occurrence of mfectton problems to control them 
most effectrvely. Although there is no subscuute for 
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tamely informatron on the current mfection situatron 
m one’s own hospital from ongoing surverllance, a 
valuable perspectrve can be gamed from studying the 
incidence dnd nature of nosocomtal mfections in the 
nation as a whole and in hospttals srmilar to one’s 
own. Such mformation not only pomts out natronal 
mfection problems and trends .&at are likely to be 
mirrored in local srtuations, but also alerts infection 
control personnel to potenttally useful concepts and 
techniques that can be adopted and to potential pit- 
falls that can be avoided. 

The problem of nosocomral tnfectrons is usually 
drscussed n-r two different contexts: eptdemics of m- 
fectrons and endemrc occurrences. Epidemrcs have 
been very important n-r the development of the med- 
ern approach to hospital mfectron control by pre- 
sentmg emergency situarions that have focused con- 
cern and effort on the problem, consequently eptdemrcs 
of mfecttons have recerved much attentron from in- 
fection control personnel and have been the focus of 
much of the screntrfic hterature on the subject. Since, 
however, only about 2 to 4 percent of nosocomud 
mfectrons occur as part of eprdemics 125,541, de- 
scrrptrons of nosocomral infecttons reflect almost en- 
trrely the nature of endemrc Infections and gave little 
insight into epidemic problems. This does not mean 
that eptdemtcs are not important, for when they are 
recogmzed they often provoke crises that call for in- 
tensrve mvesttgatton and decrsrve control measures. 
It does mean, however, that an adequate description 
of nosocomial infectrons must deal with endemic and 
epcdemrc mfecrtons separately. 

The purpose of thts chapter IS, first, to descrrbe 
rhe nattonwrde mcrdence and distrrbution of endemtc 
nosocomral infecttons m U.S. hosprtals from several 
studres recently completed; second, to characterrze 
the nature of eprdemics and trends in their occur- 
rence, mcludmg the troublesome problem of pseu- 
doeptdemics; and thud, to drscuss methods of esti- 
matmg the adverse consequences of these problems 
m terms of prolongation of hosprtal stay, extra costs, 
and death. 
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ENDEMIC NOSOCOMIAL INFECTIONS 

Owrall Infimon Rates 
The effort to estimate rates of nosocomial infections 
began with survetllance studies of the prevalence (3 l] 
and incidence Ill.491 of infections in mdividual 
hospitals. The first effort co estimate the magmtude 
of the problem on a wider scale was made by the 
Centers for Disease Control (CDC) in a collaborative 
study of eight commumty hospitals known as the 
Comprehensive Hospital Infections Prolect (CHIP) 
[ 111. Performed m the late 1960s and early 197Os, 
this contracr-supported study involved very Intensive 
surveillance efforts to detect both nosocomial and 
community-acquired infections. Vabdation studies 
were performed by CDC epidemiologists who visited 
the hospitals on a regular basis co estimate the per- 
centage of infections detected by the hospitals’ sur- 
veillance personnel. Based on an overall rate of 3.2 
Infected patients per 100 discharges and an adjust- 
ment for the percentage of true mfections detected, 
it was estimated that in 1970 approximately 5 percent 
of patients in community hospitals developed one or 
more nosocomial mfections (the “infection percent- 
age”-see Chapter 4) [4], an estimate that was sub- 
sequently widely held to be the national rate of nos- 
ocomial mfecrion. 

In 1970 the CDC studies were extended to a group 
of approxrmately 80 volunteer hospitals of diverse 
sizes and types and called the National Nosocomial 
Infections Study (NNIS). Although the same general 
surveillance methods were used, the quality-control 
cechmques used m CHIP were not feasible n-i the 
NNIS, however, the advantages of the NNIS were 
chat the group contained a substantial number of 
hospttals representing the major types of hospitals tn 
the Urnted States, and the system could contmue 
reportmg data over a number of years. The overall 
mfection rates reported from the NNIS hospitals, 
unadjusted for completeness of ascertamment, have 
remained relatively stable at about 3.2 infections per 
100 discharges (the “mfection ratio”-see Chapter 

4) from 1970 through 1982, although some inter- 
estrng secular trends have been observed and are de- 
scribed m  this section and in Secular Trends below. 
Assuming that the completeness of ascertainment of 
infections in the NNIS was similar to that m  CHIP, 
we could derive an estimate of the nationwide mfec- 
tion rate in the same range as the 5 percent figure 
estimated from CHIP. Although the design of these 
two surveillance studies limited the precision of the 
estimates, they gave rhe tirst consistent estimates of 
the order of magmtude of the problem. 

One of the objectives of the Study on rhe Efficacy 
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of Nosocomial Infection Control (SENIC) Project (see i 
Chapter 3) was to derive a more precise estimate of , 
the nationwide nosocomial infection rate from a sta- 
tistical sample of U.S. hospitals 1221. On the basis 
of direct estimates made in 338 randomly selected 
general medical and surgical hospitals with 50 beds 
or more and statistically derived extrapolations to 
groups of small and specialty hospitals, the report 
from the SENIC Project estimated that at least 2.1 
million nosocomial mfections occurred among the 
37.7 million admissions to the 6449 acute-care U.S. 
hospitals in a 12-month period in 1975-76 [17]. 
Thus nationwide there were approximately 5.7 nos- 
ocomial infections Per 100 admissions (the infection 
ratio), and approximately 4.5 percent of hospitalized 
patients experienced at least one nosocomial infection 
(rhe Infection percentage). Given that patients stayed 
a total of almost 299 million days in U.S. hospitals 
in 1976, the incidence-density of Infections was ap- 
proximately seven mfections per 1000 patient-days 
(see Chapter 4). 

These figures should be considered lower-bounds 
estimates of the current Infection rates for at least 
three reasons. First, the methods used in most studies 
of nosocomial Infections appear to underestimate m- 
fection rates to some degree. Although the standard- 
ized procedures used in the SENIC Project were m- 
tended co mimmize this bias. some underestimation 
IS posstble. Second, the fact chat the nattonwide in- 
fection rate appears to have increased by approxi- 
mately 10 percent from 1970 to 1975-76 (18] sug- 
gests that infection rates in the 1980s can be exPected 
to be higher than those estimated by the SENIC 
Project in the mid- 1970s unless substantial improve- 
ment in hospitals’ surveillance and control activities 
counterbalances thus trend. 

Third, smce the estimates from the SENIC Project 
appiied specifically to the 6449 acute-care U.S. hos- 
pitals, they do not account for a substantial number 
of additional institutional Infections that occur each 
year m  chronic-care hospitals and nursing homes (see 
Chapter 23). On the basis of the one study from which 
incidence rates in nursing homes can be estimated, 
as many as 3.3 infections per 1000 resident-days may 
be occurrmg, an Incidence-density about half that in 
acute-care hospitals [ 17,331. Since there are some- 
what more total institutional days spent by residents 
in nursmg homes than by patients in hospitals (ap- 
proximately 45 1 million versus 299 mtllion), nursing 
homes may be accounting for as many as 1.5 million 
institutional mfecrions per year. If these figures and 
the secular trends are reasonably accurate, the total 
number of nosocomial and other mstitutional infec- 
tions in the 1980s may exceed 4 million per year, a 
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number subsranrially larger than the coral number of 
yearly hosptral admissions for all cancers. accidents, 
and acute myocardial mfarctions combined [SO]. 

TABLE 24 I Races and relative frequencies of the mayor 
types of nosocomral infections, SENIC Project 1975-76 

t&3 by Site of Infection 

Nationwide Percentage 
infection rates’ distribution 

Nosocomral mfections involve diverse anatomic sites, 
but the risks of these various types of mfecrtons, and 
consequently their relative frequency, appear to be 
very similar in most hospitals. Table 24-l hscs rhe 
estimated nationwide infection rates and the relative 
frequency of the most common sites found in the 
SENIC Project 1171. These escrmates, as well as those 
from past studies, support the followmg conclusions: 
nosocomral urinary tract mfecrions make up about 
one-half of all nosocomial infections; surgical wound 
infections, about one-quarter; respiratory tract infec- 
tions, about one-eighth; bacteremia, about one-srx- 
teenth; and all orher types of nosocomial mfectrons 
collectively account for the remainder. Although these 
data are expecred to vary from hospital co hospital, 
they have been remarkably consistent in most re- 
ported studies. 

Urinary rracr infection 2.39 
Surgrcal wound infection 1.39b 
Lower respiratory infection 0.60 
Bacteremia’ 0.21 
Other sites 1 07 

All srtes 5.72 

42 
24 
11 
5 

18 - 

100 

‘Rario of number of lnfectlons to number of admiukms multiplied 
by LOO (I e , number of nosocomral mfcct~ons per 100 admlssmns). 
From Haley, R. W  . et al. An.] Ep&wd. 121 159, 1985. 
?he rarm of surgical wound infecrlons to total oper-at~~ns was 
2 79 per loo operations 
‘Includes primary and secondary bactercm~as. 

Rake by Pathogen 
Currently the best source of mformaclon for gaming 
insight into the nactonwtde patterns of microorga- 
nisms involved in nosocomial infections is the NNIS. 
In the report ofdaca from 1980-82. theepidemiology 
of the various nosocomial pathogens was parricularly 
well analyzed [29]. Cultures were obtained m  90 
percent of reported nosocomial infections. and tn 85 
percent at least one causatrve pathogen was isolated 
(a smgle pathogen m 65 percent and more than one 
in 20 percent). Among these mfections of known 
cause, 91 percent involved aerobic bacteria; 2 per- 
cent, anaerobic bacterra; 6 percent. fungi; and the 
remaining 1 percent, a miscellaneous group of vi- 
ruses, protozoa, and parasites. On the basis of other 
studies 126.5 I], it appears that viral nosocomral 
infections ate subscanctally underreported u-t the NNIS, 
a fact chat mirrors the underrecogmtion of viral m- 
fecctons In hosprrals generally. 

was the most common because of its predominance 
on adult and pediatric surgical services. On the ob- 
sretric and gynecology services. however, S. a.vrcas 
was far exceeded by wound infections with E. coli, 
the enterococcus, and Burterozdes; group-B strepto- 
cocci also played a substantial role In wound infec- 
tions on obstetrtcs setvrces. 

In lower respiratory infections S. allrnzs, Prerrdo- 
monaj aer.vgznosa, and Klebslella were encountered with 
about equal frequency overall, and the variation by 
service was not great. In cutaneous mfections S. ayIcyl 
strongly predominated, with little variation by ser- 
vice. 

The relarive frequency of the 12 most commonly 
isolated pathogens IS shown for each of the four malor 
sites of infection rn Figure 24-l. In nosocomial uri- 
nary tracr mfeccions, Escherrcha roil was by far the 
most commonly isolated pathogen, and this held true 
on all services. The second most common urinary 
pathogen was the enterococcus (Streptococcus faecalrs), 
although it was slightly exceeded by Pseudomonas in 
surgical patients and by Kiebstel/a in pediatric pa- 
tients. and was uncommr?ly seen ICI urtnary tract 
mfections of newborns. 

In surgical wound mfecrrons Staphylococru~ aweuS 

The microbiology was somewhat more complex for 
prrmary bacceremia (I.e., culture-documented blood- 
stream mfections in which no other site of infection 
was found co be seedmg the bloodstream with or- 
ganisms). S. aureur and E. cofi predominated overall 
and constituted between approximately 9 and 15 per- 
cent of primary bacteremias on all services. Coagu- 
lase-negatrve staphylococci made up about 10 percent 
of infections on all servtces. except Pediatrics, on 
which they predommated (17 percent) and obstetrics, 
on which they were uncommonly isolated. Burteroidu 
predominated on gynecology services (24 percent), 
and along with other anaerobes were relattvely com- 
mon on obstetrics services but uncommonly isolated 
on the other services. Group-B streptococci were the 
most commonly isolated pathogens from prrmary bac- 
teremia on obstetrics ( 16 percent) and newborn (25 
percent) servtces but were virtually unseen on the 
other services. It should be noted that some primary 
bacteremras are tn fact cases of secondary bactetemias 
m  which the primary site of infectton was never as- 
certained. 
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Urinary surgical Lower  Blood All 
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Percentage of nosocomlal  mfectl0nS 

It is interesting that on  the basis of its mlcrobl- 
ology secondary bacreremla (not mcluded m Fig. 
24-  1) appears  co be  a  different d isease from primary 
bacteremla. The  risk of secondary bacteremia IS htgh- 
est fol lowmg cardiovascular mfecrions (e.g., endo-  
cardltls of a  prosrhetlc valve), postoperarlve mfectlons 
of the central nervous system, mtraabdommal wound 
InfectIons, and  burns. Comphcat lon of infecclon by 
secondary bacteremla IS most common on  the new- 
born and  pediatric services, of mtermedlare hkel ihood 
on  the medical and  surgical services, and  least likely 
on  the obstetrics and  gynecologlc services. Secondary 
bacteremla is also more hkely in large reaching hos- 
pltals. The  orgamsms most commonly Involved are 
Barter&es (12 percent);  Swatra and  S. awexr (each 
about  10  percent);  group-B streptococcII and  coagu-  
lase-negative staphylococci (7 percent);  and Klebszella. 
Entcrobactter. Pseudomonas,  Cdnd&. and  Aanetobacter 

(each about 5 to 6 percent).  
E. colt is the most commonly isolated pathogen 

from all nosocomial  infectIons regardless of site be-  
cause of its p redommance In urinary tract infectlons 
and  Its substantial role In mfectlons at all ocher  sites. 
S. ayreus IS the second most commonly isolated parho- 
gen  overall, because of its frequent involvement m 
all types of infectlons except  those of the urinary tract 
where IC IS uncommonly found. The  high f requency 
of enterococci,  the third leadmg pathogen,  has  per- 

FIG. 24-  1. Percentage distrlburlon of nosocomial  
mfectlons by primary pathogen ar rhe malor snes oi 
Infecrlon. NatIonal Nosocomlal  Infection Study, 
1980-82. 

haps nor been  well enough  appreciated in the past. 
The  Important role of Pseudomonas as the fourth most 
common pathogen IS not surprising because of its 
well-known involvement in ail types of nosocomial  
mfectlons. Improvements in surveil lance and  labo- 
rarory rechniques are needed  to clarify rhe roles of 
coagulase-negat ive staphylococci, anaerobic bacteria, 
and  viruses, whose true frequencies have probably 
been  misjudged, and  perhaps more attention should 
be  given to rhe endogenous  mechanisms and  noso-  
comlal transmission of group-B streptococci in the 
obstetric and  newborn areas. 

Patrent Risk Factors 
The strongest dererminants of the risk of nosocomial  
cnfecrton are the characteristics and  exposures of pa-  
tlents that predispose them to mf&tion. Like the so- 
called chroruc diseases, such as coronary heart  d isease 
and  cancer,  nosocomial  infections arise from the com- 
plex Interactions of multlple causal  factors, and  these 
factors interact differently in predisposing to the dif- 
ferenr types of infection (see Chapter 1). Much epi- 
demtologlc and  clinical research has been  devoted co 
studying the characteristics associated with the oc- 



\s 

0 

0 520 
II 

l 

e 
7 

20 

e--------- 
osocomd 
ma,or SIv3 ot 
.m Srudv, 

ig because of ns 
es of nosocomtal 
llance and labo- 

miy the roles of 
Iaerobic bacterta, 
*have probably 
attention should 
msms and noso- 
-eptococcr m the 

t s of nosocomtal 
exposures of pa- 
eon. Like the so- 
ary heart disease 
se from the com- 
~tors, and these 
%g to the drf- 
I 1). Much epi- 
been devoted to 
ed wtrh the oc- 

11 I :KIDENLE AND NATURE 

currence of nosocomtal Infectton [7,9,10,13,14,16, 
20,27,28,32,35,47]. It has not always been clear 
whether the assocrattons are truly causal, however, 
and these charactertstrcs are often referred to as “rusk 
factors, ” that IS, factors assoctated wtth, but not 
necessartly causmg, Infectron. Undoubtedly, some of 
rhese rusk factors are true causes of mfectton; others 
are only comcrdentally associated wnh Infectron be- 
cause they frequently follow mfectton or occur along 
wtth the truly causal factors. Comphcarmg matters 
addrttonally IS the fact that two or more rusk factors 
often occur stmultaneously m the same pattent, some- 
comes exertmg addictve. or even synergtsttc, effects. 
In thus respect IC IS said that these risk factors are 
strongly mtercorrelated. 

To destgn strategres for preventmg mfecttons, It 
IS rmporrant ro try to differentrate among comcrden- 
tal mdtcators of risk, Independent causal factors, and 
synergtsttc mteracttons of causal factors. There have 
been several attempts to study multrpie rusk factors 
ustng modern techmques of multtvartate scattsttcal 
analysts. Much of this work can be rllustrated by the 
results of analyses of risk factors performed on a group 
of 169,526 patrents who made up a representattve 
sample of patrents admitted to acute-care U.S. hos- 
pitals m 1975-76 as part of the SENIC Project [ 16, 
20.27). In an mtttal descrtpttve analysts, populatron 
esttmates of infecrron rates for each of the four major 
types of rnfecrton were calculated wtthm each cate- 
gory of exposure to between 10 and 20 separate rusk 
factors [ZO]. A stroking hnding was that all of the 
rusk factors were associated with mfectron at all four 
sites. AC fnst thts seems surptrsmg smce one would 
not expect a dtrect causal assoctatton berween bemg 
treated on a resptrator, for example, and acqurrmg a 
urmary tract Infectton. The explanatron, of course, 
IS that some of the assoctattons are tndicattve of dtrect 
causal relattonshtps; others are tndtcattve of partial 
causal relatronships, potenttared or dtmmrshed by 
other concurrent mfluences; and others (such as that 
between resptrators and urmary tract Infectton) rep- 
resent largely comctdental assoctattons (most patients 
on resprrators also have mdwelling urmary catherers 
that predispose them to urinary tract Infectton). 

The two factors chat appeared to exert the strongest 
causal influences in all four sttes of infection were 
Indicators of the degree of the pattent’s underlying 
illness. (1) in surgtcal patrents, the duration of the 
patient’s operatton and (2) an Index of the number 
and type of distinct diagnoses and surgtcal procedures 
recorded (intrmslc risk index). After these, several 
factors were strongly assoctated with infecttons at one 
or two sites but nor wtth all four. Havmg a combtned 
thoracrc-abdomrnal operacton was strongly associated 
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wtrh pneumoma and surgical wound Infectton; 
undergoing a “duty” or “contamrnared” operation 
was associated wtth surgtcal wound Infection; having 
an mdwelling urinary carheter was linked to urmary 
tract infectton; bemg on a resptrator, with pneumoma 
and bacteremra; prevrous nosocomtal infection, with 
bacteremta; and recetvmg tmmunosuppressive ther- 
apy, wtth bacteremia. Examples of rusk factors that 
had weaker assoctattons wtth all four sates were age, 
sex, previous commumty-acquired mfection, and 
length of preoperatrve hosptcalizatton. 

Another way of vtewtng these complex multivar- 
rate assoctations IS to hypothesize that there are two 
general categories of causes: those that allow mrcro- 
orgamsms access to vulnerable areas of the patient 
(e.g., operattons, catheters, and endotracheal tubes) 
and those that reduce the patient’s capactty for re- 
srstmg the multtplication and injurious effects of the 
mtcroorganisms (e.g., immunosuppresstve therapy 
and merabobc sequelae of lengthy opetattons). In a 
lacer multivartace analysts of the SENIC data, chts 
concept was tested usmg surgrcal wound infectton as 
an example [ 161. The resulting multivartate model 
rndtcated that 2 factors-the familiar surgtcal wound 
classthcatron [2] and undergoing an abdominal op- 
eratron-both represent the likely degree of contam- 
matton of the operative wound. These measured a 
portion of the risk of surgrcal wound infection largely 
separate from that measured by rhe other two fac- 
tors-the duratton of the operatron and the number 
of diagnoses recorded. These later 2 factors represent 
the patient’s degree of suscepttbility to infectton. 
Moreover, one might Infer that the degree of con- 
tammatton of the wound and the pattent’s suscep- 
rrbthty were of about equal Importance in the genesis 
of surgtcal wound infectrons because each of these 
four factors was about equally tmportant m the mul- 
ttvariate model. 

Although mulclvartate modeling of rrsk factors for 
nosocomial infection is still in an early stage, several 
conclusrons appear reasonable, pending additional re- 
search. The risk of infection is prrmartly determined 
by definable causal factors reflectmg the patient’s un- 
derlying susceptibtlity to infection or the degree to 
which microorgamsms have access to vulnerable body 
sttes. Modificatton of one or more of these factors can 
alter a pattent’s risk. Multtvariate statistical models 
can be developed to predict accurately a patient’s risk 
of nosocomral tnfection from measurable rusk factors. 
The aggregate mfectton rusk of a hospttal, or of a 
subgroup of patients m a hospital-measured by its 
overall nosocomtal infectton rate-is prtmartly de- 
termmed by the mrx of patients, that IS. by the causal 
factors present when patrents are admitted and to 



which they are exposed in dlagnosls and treatment. 
These conclusions form the basis for understanding 
much of the variation in nosocomial infection rates 
descrtbed m  the followmg sections. 

Rater by Stwice 
Differences in the average risk of infection among 
groups have been most readily noticed in relation to 
the well-known differences m  infection rates of dif- 
ferent services, or specialty areas. Analyses of the 
SENIC data showed that surgical patients were not 
only at highest risk of surgical wound infections but 
also had rates of infection for the other main sites 
almost three times higher than medical patients (ap- 
proxtmately four times higher for pneumonia and 
approxtmately one and one-half t imes higher for uri- 
nary tract Infection and bactetemia). Moreover, even 
though surgical patients constituted only 42 percent 
of general medical and surgical patients, they ac- 
counted for 71 percent of nosocomial Infections of 
the four major types (virtually all surgical wound 
Infections, 74 percent of pneumonias, 56 percent of 
urinary tract mfections, and 54 percent of bactere- 
mias) [20]. Analyses of data collected m  the NNIS 
from 1980-82 showed a stepwlse decrease of noso- 
comial infection rates by servtce from surgical to med- 
ical, to gynecology and obstettlcs, with the lowest 
rates on pediatric and newborn setvices 130). Other 
investigators have quantitated the inordinately high 
risks of pattents m  spectal care umts (see Chapter 18). 

Rates 6y Type of Hospital 
it has long been apparent that overall nosocomial 
Infection tates differ substantially from one hospital 
to another. In the midnineteenth century Sir James 
Y. Simpson found that the rate of death from infec- 
tion of amputated extremities varied directly with 
the size of the hospital m  which the operation was 
performed (with larger hospitals havmg higher rates), 
a phenomenon he called “hospitalism” 1461. The 
rates of surgical wound infection in the five hospitals 
participatmg in the National Research Council’s pro- 
spective evaluation of ultraviolet light were found to 
vary from 3.2 to 11.0 percent (281. The average 
infection rates of hospitals participating m  the NNIS 
were reported to vary from 1.7 percent m  small com- 
muruty hospitals to over 11 percent m  chrome disease 
hospitals (41. 

A multivariate analysis of the SENIC data was 
performed to determine what mstitutional character- 
istics of the hospitals best predicted their nosocomial 
infection rates. Of the many characteristics studied, 
those found to differentiate best were affiliation with 

a medical school (teachmg vs. nonteaching), size of 
the hospital (indicated by the number of beds), type 
of control ot ownership of the hospital (municipal, 
nonprofit, investor-owned), and region of the country 
[2 11. The overall nosocomial infection rates averaged 
3.7 percent m  small (< 200 beds) nonteaching hos- 
pitals, 5.1 percent in large (2 200 beds) nonteaching 
ones, 7.6 percent rn nonprofit teaching hospitals, and 
8.5 percent m  the municipal tahing hospitals. These 
relationships tended to be consistent for each of the 
four major sites of infection. Since nonprofit teaching 
hospitals tend to have fewer than 500 beds, and mu- 
mcipal teaching hospitals tend to have more than 
500, teaching hospitals could be subclassified almost 
as well by size as by ownership-control. In addition, 
within these four hospital groups rates of urinary tract 
mfection, surgical wound Infection, and bacteremia 
were generally higher m  the northeast and north cen- 
tral regions, whereas rates of pneumonia were higher 
in the West. A similar analysis of NNIS data from 
1980-82 found the lowest rates m  nonteaching hos- 
pitals, intermediate levels m  teaching hospitals with 
less than 500 beds, and highest rates in teaching 
hospitals with 500 beds or more 1291. This relation- 
ship held consistently for Infection rates at each site, 
on every service, and for all pathogens. 

To test the hypothesis that these differences were 
largely due to differences in the mix of patients typ- 
ically treated in the different types of hospitals, the 
SENIC data were addittonally analyzed to try to ex- 
plain the differences. Indeed, indexes of the patients’ 
risk factors explained the greatest part of the inter- 
hospital differences, and after controlling for indexes 
of pattents’ risk factors, average length of stay, and 
measures of the completeness of diagnostic workups 
for infection (e.g., culturing rates), the differences 
in the average infection rates of the various hospital 
groups virtually disappeared. These findings indicate 
that much of the difference in observable infection 
rates of different types of hospitals is due to differences 
in the intrinstc degree of illness of their patients and 
related factors, and because of this the overall infec- 
tion rate pet se usually gives little insight into whether 
the hospital’s infection control efforts are effective. 

Trena3 Ower Time 
The occurrence of nosocomial infections is a dynamic 
process. Changes are constantly occurring in the types 
ofpatrents admitted to hospitals, risk factors to which 
they are exposed, character of the pathogens predom- 
inatmg in the hospital milieu, quality of patient care, 
thrust of infection control efforts, and other impor- 
tant factors. Two indicators of the dynamic nature 
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of the problem are the seasonality of certain types of 
nosocomial u&&ions and the long-term secular trends 
that may occur. 

SEASONALIIY Analysis of the data from NNIS has 
repeatedly shown seasonal varlaclons m the occurrence 
of nosocomial infectlons involving certain gram-neg- 
ative rods [1,29,391. The report of the 1980-82 
results shows clear seasonal peaks of infectlons in the 
summer and early fall with certain gram-negative 
bacteria, specifically-Klebsiella. Enrerob’acrer. Seva- 
tfa. and Annerobacter species as well as P. amgznosa. 
In contrast to the seasonal occurrence of pyogemc 
infectlons in the commumty [3], staphylococcal and 
streptococcal infectlons show no significant seasonal 
varlatlon m the hospital. There also seems to be no 
seasonalicy of infectlons with other common bacteria, 
such as E. coin, enterococcus, Enterobacter. and anaer- 
obes. Nosocomlal viral respiratory infectlons occur 
mostly during the seasons in which they occur m the 
commumty (e.g., Influenza and respiratory syncytlal 
virus mfectlons In the wmter and early sprmg) [26]. 

SECULAR TRENDS Changes m nosocomlal mfectlon 
rates over time are difficult to study. In prevalence 
studies performed over several decades, the relatively 
small sample sizes have hampered the detectlon of 
secular changes. An analysis of secular trends in the 
NNIS from 1970-79 suggested that surgical wound 
mfect~ons may have decreased shghtly over the decade, 
bacteremias may have Increased, and other types of 
mfectlons remained unchanged [ 11. The mabillty to 
control these analyses for other facrors that could have 
accounted for the changes, however, rendered these 
tindmgs difficult to Interpret. 

To address this issue, the rates from the two time 
per&s of the SENIC Project, 1970 and 1975-76, 
were compared after controllmg for the most likely 
biasing tiers (18). After controlling for changes m 
levels of patient risk, length of stay, and completeness 
of ascertainment of infectlons, overall nosocomlal in- 
fectlon rates In acute-care hospitals were found to 
have mcreased by a statlstlcally slgmficant 10 percent 
over the five-year period. Additional analysts. how- 
ever, revealed rhree contrastmg trends m different 
groups of hospitals. In the group that established no 
substantial lnfectlon surveillance and control pro- 
grams, rhe overall infectlon rate increased by 18 per- 
cent; m the group in which moderately mtenslve 
programs were established, the rates tended to show 
no slgnrficant change; and m the group thar estab- 
lished very Intensive programs for preventing Infec- 
rlons at all four of the major sites, the overall rate 
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decreased by 36 percent. These findings suggest 
strongly that the overall nationwide trend of a IO 
percent increase was really the result of two forces 
that were affecting the naclonwlde rate in opposite 
directlons: (I) the contmumg introduction of more 
invasive and immunocompromlsmg techniques mto 
the care of hospitalized patients, which tended to 
Increase the infection rates and (2) the efficacy of 
newly established infection surveillance and control 
programs, which tended to decrease them. This m- 
dicates that future secular trends in the rates of en- 
demlc nosocomlal infections could be in either di- 
rection, depending strongly on the balance that 
hospitals achieve between technologlc innovations in 
patient care, and investments in infection surveillance 
and control programs. 

EPIDEMIC NOSOCOMIAL INFECTIONS 

Incrhce, Recognrtron. and Control 
While many scientific articles have been written to 
describe mdivrdual outbreaks of nosocomlal mfec- 
tlons, very little work has been done to estimate the 
frequency of these epidemics. The earliest study on 
rhis sublect was performed in the CDC’s CHIP study 
in the early 1970s [25]. Among seven commumty 
hospltais partlcipatmg in CHIP during 12 months 
In 1972-73, a computerized threshold program 
screened the regularly reported cases of nosocomial 
mfectlon for clusters of infection that might indicate 
an outbreak, and a CDC epademlologist additionally 
analyzed the data to eliminate purely coincidental 
clusters. Then CIX staff members visited the hos- 
pltals rhat had potential outbreaks to confirm the 
nature of the problem and suggest control measures 
If needed. From these data it was estimated that one 
rrue outbreak occurred for every 10,000 hospital ad- 
mlsslons and that outbreaks accounted for somewhere 
m the range of 2 percent of patients with nosocomial 
mf%ct~ons. More recently, Wenz~l and colleagues 1541 
estimated that 3.7 percent of nosocomial infections 
m a large university-affiliated referral hospital OC- 
curred in outbreaks. Although confined to a relatively 
small number of hospitals, these estimates appear to 
confirm the prevailing view that outbreaks account 
for a relatively small proportion of nosocomial infec- 
rlons. 

Besides the attention often provoked by outbreaks, 
one of the mam reasons for infection control personnel 
to be concerned about them is chat, If recognized and 
mvesrlgated, control measures can often stop them, 
rhus brlnglng about demonstrable reductions in mor- 
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bidity and mortahcy. In the CHIP mvestigattons, 
despite the fact that the seven hospitals had very 
active surveillance systems, one-third of the clusters 
had not been recogmzed before the CDC visit. This 
fact pomts out the drfficulty of recogmzing outbreaks 
even in the best of crrcumstances and suggests the 
usefulness of mventtve computerized systems to screen 
surverllance data for potential epidemics (see the Role 
of Computers in Surverllance, Chapter 4). It also 
suggests that hospitals that appear never to have out- 
breaks may simply be fatling to recogmze them. 

The CHIP investrgatrons also demonstrated that 
40 percent of the outbreaks appeared to have resolved 
spontaneously, while the remammg 60 percent con- 
cmued untrl control measures wete mstttuted 1251. 
Half of the outbreaks that contmued were controlled 
by measures taken by the hospnals’ Infection control 
staff and the other half were completely resolved only 
after measures suggested by the outside mvesttgators. 
While the rate of spontaneous resolution explams the 
orrgm of opmions agamst surverllance expressed by 
some persons, if these figures are reptesentattve of 
communrty hospitals m general-and rt must be re- 
called that these were hospttals with very active rn- 
fection surverllance systems-then a large number of 
outbreaks may currently be gomg unrecognized and 
uncontrolled, desptte the advanced state of mfectton 
survetllance and control programs. 

Cbarastmstm of Ep&mtcs 
To recogruze, investrgate, and control eprdemlcs most 
effectively, it is helpful to understand thetr nature, 
likely problems, and mechanisms. Although there 
are many reports of individual outbreak investrga- 
trons, the only body of informatron large enough to 
study the characreristtcs of epidemrcs IS the series of 
investrgations performed by the CDC n-r response to 
hosprcals that request asststance. Recently reviewed 
by Stamm and colleagues 1481, this serves included 
252 hospital mvestrgattons performed between 1956 
and 1979. Since varrous factors influence the types 
of investigations undertaken by the CDC, this serves 
should be considered only an approximate reflectron 
of the mix of outbreaks that occur routinely in U.S. 
hospitals. The studies probably reflect the types of 
problems that infection control personnel find par- 
ticularly urgent, perplexing, or difficult to control. 

In the early phase of these mvestrgations-1958 
through 1962-the outbreak investigatrons were di- 
vided between epidemrcs ofgastrointescinal disease- 
mamly due to Salmonella and enteropathogentc E. 
coiz-and outbreaks of scaphylococcal mfectrons. Al- 
most all these problems were centered in newborn 
nutsertes. From the mrd- 1960s on, mvestigations of 
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staphylococcal mfections diminrshed abruptly down 
co an occasonal yearly episode, and by the early 1970s 
outbreaks of gastroencerttrs srmilarly dimimshed 
a contmumg low level. From the late 1960s untrl 
the present, there has been an increasing trend coward 
mvolvement of gram-negative pathogens, bacter- 
emta, and surgtcal wound infections in outbreaks, 
and toward problems related to intensive care and 
newly mtroduced medrcal devices and related tech- 
nologies. For example, during the 1970s the type 
infectton most commonly investigated was bacter- 
emta. Also noteworthy was an increase in investi- 
gations of hepatrtrs outbreaks that peaked in 1975 
and 1976. Other interestmg groupings included out- 
breaks of necrotrzmg enterocolitrs m nurserres and 
sternal wound mfections followmg open-heart sur- 
gery-both beginning in the mrd- 1970s-and out- 
breaks of legronnaues’ disease, about half of which 
occurred in hosprtals. From the late 1960s on, 
increasingly Important Issue in many of these inves- 
tigations was the resistance of epidemrc pathogens 
multiple antrmrcrobial agents, partrcularly resistance 
of gram-negative bacilli to aminoglycosides and of 
aureu to methicrllin and/or gentamicin. 

One of the most striking characterlstrcs of the 
rdemrcs was that the percentage distrtbution of types 
of infectrons and pathogens mvolved bore little 
semblance to the percentage distributions in endemic 
infecrlons. Eight types of nosocomial infections 
curred with roughly the same frequency in the CDC- 
mvestrgated eptdemtcs, whereas three or four major 
types predommate rn endemrc infecttons (Table 
2). Moreover, except for S. aumus, which constituted 
about 10 to 12 percent of both endemic and epidemic 
rnfecrrons, the pathogens found most commonly 
the CDC-investigated eprdemics-Safmoneifa, hepa- 
trtis B, Sewatra. and Entewbacm-were among 
least common pathogens in endemic mfections (Table 
24-2). This rnterestmg relatronship probably reflects 
m par-r the fact that outbreaks occur by epidemiologrc 
mechamsms different from those chat cause endemrc 
mfecttons. It may also be due to the greater likelihood 
char clusters of unusual pathogens or site-pathogen 
combinatrons will be recognized by infection control 
personnel, and conversely that outbreaks of infections 
srmiiar to the most common endemic infections 
not as easily recogruzed. The selection factors that 
get the CDC involved in investrgacions also undoubt- 
edly contrrbute to this profile of eprdemic problems. 

Of most practtcal value IS the informatron that 
rnvestlgatory experrence provides for tdentifymg 
modes of cransmlssron of future ourbreaks. The out- 
breaks can be classrfied mto tive groups according 
the most likely mode of transmrssron: (1) common- 
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source, ~(2) human transmitter (cartret), (3) person to 
Person (cross-rnfectron). (4) airborne (mictootganrsms 
traveling more than a few feet), and (5) uncettarn 
mode of cransmrssron. After outbreaks were classlhed 
In this manner, rt became apparent that certarn srte- 
pathogen combinatrons. sometrmes specific to a pa- 
crent group, could be rather specrfically rdentrfied 
wrth paxtrcular modes of transmrsston. These com- 
bmatrons ate listed m Table 24-3. 

Knowledge of these umque combinatrons can be 
useful m focusmg on the most likely mode of ttans- 
nrssion early m an outbreak rnvestrgatron. For ex- 
ample, outbreaks of Salmoneffu gasttoenterttrs among 
adult patrents are most hkely to be spread by a com- 
mon source (e.g., food), whereas a srmrlat outbreak 
rn a newborn nursery IS most hkely to be spread by 
person-to-person contact, although the roles of hos- 
prtal-prepared formula or breast-mrlk banks must be 

TABLE 24-2. Comparison of rypes of mfecr~ons and 
pathogens Involved rn endemic and eprdemrc mfectrons 
.___ 

Endemic Eptdemlc 
rnfecttons’ mfecrtonsb 
(%) (95%) 

Type of mfectron 
Urrnary cracc lnfectlon 
Surgical wound mfectton 
Pneumoma 
Cutaneous tnfecclon 
Bacceremla 
Menlngltls 
Gastroenret~r~s 
Hepatltls 
Other 
Total 

Pathogen 
Esrhrrrchla colt 
Enretococcus 
Staphylcfcfcu~ afdreu 
PJrudmMMJ 
Protw 
K!ebsr& 
EtltC?VbLUttY 
Group-A stteprococcl 
Stwatla 
Salmontika 
Hepatrrls I3 virus 
Total 

38 10 
27 9 
16 I2 
6 11 
4 16 

<I 6 
<I 17 
<I 12 

8 7 
100 100 

19 3 
10 <I 
10 12 
9 3 
8 <I 
8 3 
4 7 
2 3 
2 8 

‘Cl 11 
<l 10 

xl loo 

‘Narmnal Nowcomral Infectmn Study. 1975 through 1978 
b1971 rhrough 1979 
Source. Adapted from Sramm. W E , et al Am / Med. 70.393, 
1981 

ruled out (see Chapter 32). Similarly, outbreaks 
hepatrtrs A are most likely to be due to a common 
source, whereas outbreaks of hepatitis B are 
likely to be caused by either a human dissemrnator 
(e.g., a surgeon who IS a carrier) or person-to-Person 
spread (e.g., poor blood-handling techniques) 
Chapter 35). Surgtcal wound mfecttons caused by 
group-A stteptococcr ate very likely to be te@xi 
a human dissemmacot (e.g., an anal carrier), whereas 
wound infectrons due to S. aunxt may be due 
human disseminator or other facton (see Chapter 
It IS noteworthy that no human disseminator 
rmphcated m 68 outbreaks involving gram-negative 
bacrlh. Perhaps half the outbreaks of staphylococcal 
infectrons m nurseries can be attrrbuted to cross-in- 
fection and about one-quartet to human disseminators 
(see Chapter 19). Outbnxks of bactetemia due 
gram-negative bacrlli, partrcularly if they occur 
mtenswe care ututs, ate very likely to be due 
common source (e.g., contammated devrces), whereas 
outbreaks involvmg other types of infections 
gram-negatrve bacrllr (parttcularly urinary ctact 
fecttons) ate most likely to be due to cross-infectron 
(e.g., Inadequate care of urinary cathetea) (see 
ter 18). The types of outbreaks likely to involve 
borne spread ate varlcella mfectrons, A~prrgiilw 
fectrons, and legionnarres’ pneumoma, particularly 
rn rmmunosuppressed patients (see Chapter 37), 
pulmonary tuberculosis, particularly in hospital 
sonnel workmg m emergency rooms (see Chapter 

Muhhosprtai Epdmzcs 
An Issue of rncteasmg concern is the involvement 
multrple hosprtals in an eprdemic. This occurs 
commonly by mterhospttal spread and less commonly 
through the nationwtde dtstrtbutton of products 
cause or ptedrspose to mfectron. Fint, a pathogen 
Involved m an epidemrc in one hospital may 
troduced Into the patient populatron of another 
petal, generally by one of three modes of transmission: 
( 1) transfer of Infected or colonized Patients, patttc- 
ularly those wtth burns or decubitus ulcen [38,40, 
41.44.531, (2) transfer of colonized or infected 
medical house staff 145,511, and (3) transient 
ontzatton of hands of nurses and technicians who 
ternate workmg at different hosprrals 1421. Since 
transfer of house staff and sertously ill patients 
ptimarliy among large, university-affiliated, tertnuy 
referral hosprtals, intethosprtal spread appears 
cur most frequently in these and less CO~IIIO~~ 
smaller commumty hosprtals 1191; however, the 
creastng trend oi nurses and techmcrans toward 
rng m coopetatrves serving several hospitals may 
courage more mtethospital spread. 
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TABLE 24-3. Lrkely modes of transmtssmn of the most common types of nosocomtal Infectton eptdemrcs 

Mode of 
transmtssion 

Site or type 
of infectton Pathogen 

CDC 
mvestigattons’ 

Service or 
patrent group Numb&’ 

Common source Gastroentertcts 
Hepactrts 
Urinary tract or bacteremta 
Pulmonary 
Bacteremra 

Human drssemmator 

Cross-mfectron 

Bacreremta 
Surgrcal wound 
Surgical wound 
Cutaneous 
HeptltlS 

Gastroentencls 

Airborne 

Cutaneous 
Urinary tract 

Hepacms 
Vartcella 
Pulmonary 
Pulmonary 

Pulmonary 

SafmO?iCikl 
Hepatms A vuus 
PseudomoMs cepacla 
Preudomonru aerq~noki 
Gram-negattve 

bdli 

Any 
Group-A streptococci 
srapbyll?dCxcus rlcl?vul 
s. ‘aureus 
Hepatttts B vuus 
Solmonelka or 

enteropachtc 
Ercber~bu coii 

S. areus 
Gram-negattve 

bacrlh 
Hepatttrs B virus 
V-Z vnus 
Aspqdus 
Mycobanmrm 

h!WCU~OSlS 

Legrontl la 

Adults 
Any 
Any 
Any 
Any 

KU 

Any 
Surgery 
Nursery 
Any 
Nursery 

Nursery 
Any 

Any 

11113 
313 
4l4 
4l5 

10/13 

6l7’ 
516 
318 
5124 
3112 

16117 

12124 
10114 

8/12 

V-Z = vancelIa-zartcr. KU = mtcnstve care umr. 
‘From Stamm, W.  E.. cr al./ In@ Du. 1366uppl  AS151, 1977 
%f the 13  ourbreaks of gvtroentenrts due IO Sulmonel lu among  adults. I I were transmitted by the common-source mode.  
‘From Wenzel ,  R. P.. er al. IC I&t Control 4.371, 1983 

Incerhosptcal cransmlssion of outbreaks has been 
observed primarily n-t epidemics mvolvmg pathogens 
with important antrmtcrobial reststance patterns, such 
as multiply resistant Serratru {42], ammoglycostde- 
reststanc gram-negattve bacrlh (531, and  methtcrllin- 
resistant S. auretlJ [ 191  (see Chapter 12). This asso- 
ciation could be  due to the genetic col inkage of anti- 
microbial resistance with factors that facilitate spread. 
For example, scrams of diverse genera that are prev- 
alent m nosocomral  infectrons have been  shown co 
share the genetic information that confers reststance 
to tmportanr antrmicrobial agents [43]. Simtlarly, 
the diversity of phage  types involved in epidemiol- 
ogically clear outbreaks of merhicrll in-resistant S. 
uure~s mfections suggests the spread of generrc in- 
formatton among  different strams chat have strong 
predispostctons to infect hospiral patterns. Alterna- 
nvely, rhe assoctatton could be due merely to the facr 
chat resistance provrdes a  dramatic marker char m- 
creases the hkehhood that an  epidemtc ~111 be  rec- 
ogmzed.  If so, as  mfecrion control personnel  m hos- 

pitals develop more sensitive means for recognizing 
outbreaks and more effectively share survetllance 
with their counterparts m ocher  local hosptrals (e.g., 
through area-wrde surveil lance systems supported 
local health departments),  mcerhospttal  transmisston 
of infectron will probably be  recognized more com- 
manly . 

In the second type of multiple-hospital involve- 
menr,  a  widely distributed product used in pattern 
care may cause infections tn many hospitals stmul- 
raneously, due to either intrmstc concamrnacion 
the product rn the factory [34] or design flaws 
common usage errors char encourage in-use contam- 
macton in the hosprtals [5,8] (see Chapters 36  
38). After a  serves of nat ionwtde epidemics due  
mtrmstcally conraminated products m the early 1970s.  
it appeared that mtrmstc producr contammatton would 
become a  common problem [34]. Subsequent expe- 
r ience has shown, however,  that m-use contamination 
is a  far more common explanatron for mfections 
lated to newly introduced products and devices. 
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Pseudoep&mrcs 
Not all clusters of reported nosocomial infections con- 
stitute true epidemics of disease. In the prospective 
study of outbreaks m the CDC’s CHIP project, about 
80 percent of the clusters of infection identified sca- 
tistically by a ~computerized threshold program were 
ludged to be comcidental, illustrating the need for 
epidemiologic evaluation of surveillance data to de- 
tect outbreaks (251. More important, of those clusters 
that appeared to represent real outbreaks epidemiol- 
ogically, approximately one-third (37 percent) were 
found not to be true outbreaks after thorough mves- 
tigations. Most of these pseudoepidemics were traced 
to systematic errors or changes m clmtcal dtagnosts 
of mfecrions or m reporting of mfections by the 
infection surveillance staff, systematic errors m the 
microbiology laboratory explained fewer than one- 
quarter of them. In the series of epidemic mvesti- 
gations performed by the CDC, pseudoepidemics 
accounted for only 11 percent of the presumed ouc- 
breaks for which hospitals requested epidemiologic 
assistance, and about one-half of these were attrrbuted 
to processing errors m the microbiology laboratories 
148,521. 

The difference rn results between these two studies 
is probably due to the more extensive tnvesrigation 
usually done by hospital personnel ro rule out arti- 
factual problems before the CDC epidemiologists un- 
dertake a formal investigation. Consequently in the 
routine practice of infection control m most hospitals, 
rhe malority of pseudoepidemics may be due co di- 
agnosric and reporting errors as reflected by the CHIP 
mvestigation, although truly perplexing pseudoepi- 
demics may more often be traced to concammated 
equipment or errors in rhe microbiology laboratory, 
as retlected in the CDC investigations (see Chap- 
ter 5). 

ADVERSE CONSEQUENCES OF 
NOSOCOMIAL INFECTIONS 

In reading the scientific literature on the subject of 
nosocomial infections, one IS srruck by the dispro- 
portionarely large number of articles on rhe adverse 
consequences -prolongation of hospital stay, exrra 
hospiral costs or charges, and deaths-of these m- 
fecrions. The importance of these studies stems from 
two iacrors: tirsr. in (ontrast co mosr other hospital 
services, hospitals have not traditionally been able to 
charge parrenrs or their insurance carriers directly for 
the costs of their infection surveillance and control 
programs; and second, it has been difficult co dem- 
onsrrate how manv nosocomial infections rhese pro- 
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grams prevent. Consequently it has been necessary, 
or at least very helpful, m many hospitals to dem- 
onstrate how costly the infections are for the patients 
to ~ustlfy the expenditures of mounting and sustam- 
ing a preventive program. 

Estimates of extra costs attributable to nosocomial 
infections must be interpreted with some caution. 
Because the actual costs of hospitals are difficult to 
study, their charges to patients are usually used as a 
substitute for their actual costs. However, hospitals 
commonly redistribute charges among different cost 
centers to recover costs nor fully reimbursed by public 
and private reimbursement agencies, so charges to 
the patient may not accurately represent the hospital’s 
costs of treatment (12). In addition, estimates ex- 
pressed m dollars must be constantly adjusted for 
mflacion to be meanmgful in the current context. 

The studies on this subject have used one of three 
methods to estimate the prolongation of hospital stay, 
extra charges, and number of deaths attributable to 
nosocomial infections: concurrent assessments of in- 
fected patients, unmatched comparrsons of infected 
and unrnfected patients, and matched comparisons 
[24]. Each approach has its own strengths and weak- 
nesses, which may lead to a biased estimate. 

The concurrent assessment method relres on a phy- 
sician to visit each infected patient frequently enough 
to enumerate all extra days and extra setwces that 
were performed co treat the Infection but would not 
have occurred if the infection had not supervened. 
By applying the routme per diem room charge to 
each extra day and the actual charge for each anc~llaty 
service from the patient’s hospital bill. the physician 
can estimate directly the tocal extra charges atrrib- 
utable to the nosocomial infection. The advantage of 
this method is that rhe identifiable charges are di- 
rectly itemized; the disadvantage IS thar, by relying 
on the physician’s clinical judgment to determine 
what days and services are attributable, the results 
may be biased in either direction depending on how 
conservative rhe Judgments are. For example, for some 
days or services the circumstances are too ambiguous 
co make a clear determmation; if the ambiguous cir- 
cumstances are always considered nonattributable to 
infection, the final results will be underestrmata. 

In the unmatched comparison approach, the av- 
erage extra stay (or charge) is estimated after the 
completion of a study by subtractmg the average total 
length ofstay (or coral hospital charges) of unmfected 
patients from that of Infected patients. This method 
always substamally overestimates the attributable extra 
stay (and charges) because of a strong selectron bias: 
patients who contract nosocomial infecrions tend 
strongly to have been more seriously ill at rhe be- 



ginning of hospitalization (and thus more strongly 
predisposed to long hospital stays, higher charges, 
and death) than those who are likely to be discharged 
without an infectious complication. 

The matched comparison approach IS similar to the 
comparison approach except that for each infected 
patrent the mvesugator selects one or more unmfected 
patients who ate similar to their match on several 
selected characterrstics. The advantage of this ap- 
proach, like the unmatched comparison. IS that ic 
avoids use of clinical judgment to decide what is 
attributable to infection. The drsadvantage IS chat it 
is extremely difficult to match uninfected patients 
with infected patrents closely enough to overcome the 
powerful selection bias. To the degree that the match- 
ing fails to control for this underlying noncompara- 
bility of infected and uninfected patients, the study 
will overestimate the magnitude of extra stay, extra 
charges, or deaths attributable to infection. 

One fundamental reason that the matched com- 
parison studies performed to date have failed to con- 
trol for the large disparity m  degree of underlymg 
illness IS chat they have generally matched infected 
and uninfected patients on the wrong characteristics. 
These studies have used as matching criterra such 
predictors of Infection rrsk as age, sex, service, first 
diagnosis, and &se surgical procedure. To control for 
the underlying predisposition to an extended hospital 
stay, the matching characteristics should include the 
major factors that determine prolonged hospttal stay 
(or death), which are not necessarily the same as those 
chat predispose to nosocomial infection. For example, 
it was pomted out m  one of the earliest concurrent 
assessment studies that some of the main factors that 
increase length of stay apart from nosocomial infec- 
tion include severe underlyrng illness, development 
of unexpected complications such as venous throm- 
bosis or pulmonary embohsm, and social factors that 
delay discharge fb]; these appear frequently to be 
colinked with the severity-of-illness factors that also 
predispose to nosocomial infecttons. For matching 
comparisons to be useful, it must be shown that the 
matching characteristics are sufficiently complete pre- 
dictors of prolonged hosprtal stay, high total hospital 
costs, ot the probability of death to control com- 
pletely for the bias caused by the greater complexity 
of the infected patienrs’ underlying conditions. 

In a study comparing all three methods in the same 
cohort of patients, the estimates were lowest by the 
concurrent assessment, Intermediate for the matched 
approach, and highest for the unmatched approach 
[24]. Published estimates of the prolongation of stay 
for surgical wound infections by the concurrent as- 
sessment method have ranged from 1.5 co 11 days; 
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by the matched comparison approach, from 7 to 18 
days; and by the unmatched comparison approach, 
from 5 to 26 days. 

Nationwide estimates of the number of deaths at- 
tributable to nosocomial infections have varied even 
more widely. By combmrng data from the SENIC 
project { 171 and from a concurrent assessment of mor- 
tality performed in NNIS [30}, 19,000 deaths na- 
tionwide per year were estimated to be directly at- 
tributable to nosocomial infections, and in 58,000 
more deaths nosocomial infections contributed but 
were not the only cause (Table 24-4). At the other 
extreme, a recent study using multivariace logistic 
regression techniques, with the same drawbacks as 
the matched comparison approach, estimated 300,ooO 
deaths per year nationwide attributable co nosocomial 
urmary tracr mfections alone f37). Regardless of which 
estimates are used, however, the large number of 
deaths from nosocomial Infections is a cause for con- 
cetn. Counting only the 19,000 deaths directly caused 
by nosocomial infections-the lowest esttmate de- 
rived from NNIS and SENIC-would place it just 
below the tenth leading cause of death in the US. 
population; whereas, if one also counts the 58,000 
deaths to which nosocomial infections contribute but 
are not rhe only cause, it would rank as the fourth 
leading cause of death, just behind heart disease, 
cancer, and stroke. These figures indicate the need 
for an accurate countmg of nosocomial infections in 
our national systems for vital and health statistics 
1171. 

Until the serious methodologic problems are solved, 
IC seems prudent to use the more conservative ati- 
mates derived ftom co-t asesments even though 
they may underestimate the magnitude of the pro& 
lem. Table 24-4 lists the esttmata of extra days and 
costs derived ftom concurrent aSSeSSmerits in the SENIC 
pilot studres [23} and estimates of deaths derived 
from the NNIS 1301 and SENIC 1171. In view of the 
new strategies of prospective reimbursement for has- 
petal care and the evidence for the efficacy of infection 
surveillance and control programs. it is likely that 
the direct cost reductions produced by infection con- 
trol wtll be sufficiently obvious even if derived from 
the most conservattve estimates. 

That large numben of endemic as well as epidemic 
nosocomial infections are preventable has periodicaliy 
been reaffmned by milestone reports such as that of 
Semmelwets, studies on the effects of proper care of 
urrnary catheters and respiraron, and the vinu?l 
elimination of epidemic bacteremia caused by intrin- 
SIC contamination of commercial intravenous Solu- 
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ttofls. Yet when a representattve sample of mfection 
control program heads were asked to esttmace rhe 
percentage of nosocomtal infections presently occur- 
ring tn U.S. hospttals chat are preventable, the re- 
sponses varied from 1 percent to 100 percent, wtth 
a mean of approximately 50 percent, the program 
heads who had served u-r thetr posittons longer and 
who were more knowledgeable about mfectton con- 
trol rended to give lower esctmates 1151. There are 
ac least two teasons for this lack of agreement among 
those worktng most closely wtrh the problem. First, 
It 1s dtfficulr to demonstrate that mfecttons have been 
prevented or to infer whether actrve Infections were 
preventable [36]. Second, because new risk factors 
for mfeceion are constantly appearing, necessary con- 
trol measures are contmually evolving, and abiltty to 
manage the patient-care behavior of hospital person- 
nel is changing. the true percentage of infections that 
are preventable probably changes from ttme co time. 

Consequently the only meantngful way of framing 
rhe preventabtlrcy questton IS to ask what percentage 
of nosocomtal infecttons can be prevented by main- 
tanning an mtenstve mfectton survetllance and control 
program that conttnually adjusts ro the new rusks and 
artempts ro manage pattent-care behavtor. Since thts 
was precisely the questton framed m the SENlC Project, 
there 1s an approxtmate answer. Among U.S. hos- 
pitals In the 197Os, approxtmately one-thud of all 
nosocomtal tnfecttons were preventable by mamtam- 
rng rnfeccron survetllance and control programs wtth 
particular charactertsttcs I181 (see Chapter 3). The 
fact that the approaches found CO be effecttve were 
general preventtve strategies aimed at managrng m- 
fectton control (i.e., survetllance and control pro- 
grams), rather &an mdivtdual preventive practtces 
(e.g., catheter care), suggests that the SENIC estt- 
mate of preventabihry ~111 remam reasonably accurate 
for the foreseeable future. 
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Infectious and Parasitic Diseases 
John V. Bennett, M.D., Scott D. Holmberg, M.D., 
Martha F. Rogers, M.D., and Steven L. Solomon, M.D. 

Most of the health problems identified in Closing the 
Gap relate directly or indirectlytto infectious dis- 
eases. Infections and infection-related deaths are 
important contributors to circulatory, respiratory, 
and gastrointestinal diseases, to infant morbidity 
and mortality, and to arthritis. Infections also play 
an important role in morbidity and mortality that 
may complicate unintentional injuries, malig- 
nancies, attempted homicides or suicides, and dia- 
betes mellitus. Microbial agents probably play a 
crucial role in dental caries and periodontal disease. 
Further, in the past few years viruses have been 
found to cause malignancies in humans, and other 
oncogenic viruses will no doubt be identified. Be- 
cause of these interrelationships, the information in 
this report overlaps with and complements infor- 
mation in other position papers of the Carter Center 
Health Policy Project. 

The effective control of each health problem will 
reduce the morbidity and mortality associated with 
infectious disease. Conversely, improvements in 
infection prevention and treatment will reduce the 
morbidity and mortality associated with other 
health problems. 

DATA SELECTION 

Infectious and parasitic diseases occupy the Inter- 
national Code of Diseases (ICD) codes 1-113, but at 
least 125 additional specific ICD codes reflect infec- 
tions. Indeed, only 17 percent of all deaths from in- 
fections can be identified within ICD codes l-113. 
Some ICD codes represent entities that are not 
always caused by infectious agents (for example, 
bronchitis), and some codes encompass situations 
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Control, Atlanta 
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in which infections may be either primary events or 
secondary to other inciting episodes (for example, 
peritonitis). These deficiencies in classification 
make it difficult to obtain a clear picture of the true 
magnitude of infections from data systems based on 
ICD codes. For this reason, we relied on other data 
to establish the burden of illness caused by infec- 
tions. 

To estimate the negative impact of infectious dis- 
eases in the United States, we first divided all infec- 
tious diseases into mutually exclusive groupings, 
then used published material and survey data from 
the National Center for Health Statistics to derive 
morbidity and mortality estimates for each 
grouping. The groupings were then combined to 
give totals for all infectious diseases. We refer to 
this information as the consultants’ data. (The de- 
tails of this data set are presented in a 361-page ap- 
pendix which is on file with the Carter Center.) 

The second group of data, referred to as CDC 
Survey Data, was collected from experts in the 
various divisions of the Center for Infectious Dis- 
eases and the Center for Prevention Services, 
Centers for Disease Control (CDC). Data were pro- 
vided in 1985 on the current incidence of symptom- 
atic infections, current and estimated future case- 
fatality ratios attributable to these infections, and 
current and estimated future overall efficiency in 
preventing infections caused by 117 specific micro- 
bial agents or agent groupings (Table 1, first five 
columns). Estimates included the morbidity and 
mortality averted by use of all applicable interven- 
tion strategies in both the public and private 
sectors. Estimates are given of current effectiveness 
as well as likely future effectiveness deriving from 
known or likely upcoming improvements in the ef- 
fectiveness of various intervention strategies. Esti- 
mates of the effectiveness of prevention efforts vary 
in reliability. In some instances, such as nosocomial 
infections, these estimates are well established. In 
other instances, such as rotaviruses, they are based 
on the assumed efficacy of a yet-to-be-fully-devel- 
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oped vaccine. Some estimates represent solely the 
cautious guesses of experts. 

0 
The data provided in the CDC survey were then 

used to derive additional parameters by which pre- 

a vention could be assessed as described in Table 2. 
The resulting estimates of the numbers of cases and 
deaths prevented now and in the future and other 
derivative data appear in the last nine columns of 
Table 1. 

The 117 specific infections or infection groupings 
were assigned s:i+equently to appropriate, mutu- 
ally exclusive eticiogl; groups and to one or more of 
13 additional infecticln categories that were not nec- 
essarily mutually exclusive (Table 3). In some in- 
stances, such as the category “zoonotic,” all infec- 
tions potentially transmissible from animals to 
humans were included. In other instances, such as 
the category “foodborne,” the proportion of each 
specific infection acquired in that fashion was esti- 
mated as indicated in Table 3, and only that propor- 
tion of overall morbidity and mortality attributable 
to foodborne acquisition was included under the 
“foodborne” heading. “Vaccine-preventable” infec- 
tion data could not be apportioned reliably in this 
fashion, although it is recognized that the vaccine 
itself may sometimes not be responsible for all pre- 
vented cases (e.g., anthrax). 

In general, the CID survey data underestimated 
the overall magnitude of infections compared with 
the consultants’ data,. since not all known specific 
infectious agents were included in the survey re- 
sults, and clinically diagnosed infections of known 
and unknown causes were encompassed in the 
consultants’ data. Thus, we have relied primarily 
on the consultants’ data for estimates of negative 
impact and on the CDC survey data for prevention 
estimates. 

0 

0 

SCOPE OF THE PROBLEM 

The consultants’ data indicate that more than 740 
million infectious disease events and nearly 200,000 
attributable deaths occur annuallv in the United 
States (Table 4). Included in the toial incidence are 
infections that, although not life threatening for 
persons who have normal host defenses, may result 
in days lost from work (or other major activities) or 
that incur a direct financial burden. The total 
number of deaths attributed to infectious diseases 
includes those cases for which either prevention or 
successful treatment would have prolonged the life 
of the affected person. 

the age of 65, more than 52 million hospital days, 
and nearly 2 billion days lost from work, school, 
and other major activities. The total direct cost of 
infectious diseases-not including the cost of 
deaths, lost wages and productivity, reactions to 
treatment, or other indirect costs-exceeds $17 bil- 
lion annually. 

The leading contributors to these negative im- 
pacts, as assessed from the CDC survey data, are 
listed by nonexclusive category in Table 5. The five 
most important contributors to mortality from in- 
fections, in decreasing order of magnitude, are: bac- 
terial infections, lower respiratory infections (pneu- 
monia and influenza), nosocomial infections, vac- 
cine-preventable infections, and viral infections. 
The five major causes of symptomatic infections, in 
decreasing order of magnitude of cases, are: viral, 
upper respiratory, cutaneous, vaccine-preventable, 
and bacterial infections. 

The annual monetary costs of infectious diseases 
derive largely from the cost of hospital care. Noso- 
comial infections themselves account for the 
greatest direct costs; they complicate the course of 
recovery among hospitalized patients, increase the 
severity of illness, increase mortality, or prolong 
hospital stay, thus adding substantially to the con- 
sumption of expensive hospital services. 

The consultants’ data indicate that nosocomial in- 
fections account for almost 12 million excess hos- 
pital days annually and pose direct costs of close to 
$3.5 billion. Enteric and lower respiratory infections 
account for 9 million and 7.5 million hospital days, 
respectively, and are estimated to involve direct 
costs of $3 billion and more than $2 billion, respec- 
tively. Genitourinary tract infections, soft-tissue in- 
fections, and upper respiratory infections are not 
major causes of death. However, they result in ap- 
preciable costs for outpatient care. Approximately 
$5 billion was spent on genitourinary tract and 
upper respiratory infections, and $2 billion on soft- 
tissue infections 

ESTIMATES OF PFEVENTION GAPS 

0 
We estimate that each year infectious diseases re- 

0 

sult in more than 2 million years of life lost before 

We can prevent many additional infections every 
year simply by expanding our current efforts in 
prevention and utilizing recent technological ad- 
vances. Specific infections or infection groupings 
where more than a million additional future cases 
may be preventable each year include infections 
caused by rotaviruses, enteroviruses, Norwalk and 
other 27-nanometer particles, campylobacter, salmo- 
nella, and toxoplasma (Table 1, column 12 minus 
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Table 1. Domestic infections, United States, 1985 

Disease Current 
or agent incidence” 

Case/fatality 
ratio (%)b Effectiveness’ Deaths 
Now Future Now Future now 

Bacterial 
Chlamydia neonatal 
Psittacosis 
Trachoma 
Mycoplasma pneumonia 
Anthrax 
Bacillus cereus 
Botulism incl. infants 
Brucellosis 
Campylobacteriosis 
Chancroid 
Chlamydia trach. gen. inf. 
Cholera 
Clost. petigens 
Dial. pyrogen, py. reac., sep. 
Diphtheria 
E. coil-enteric. 
End. bact.-aer. and anaer. 
Gardnerella vaginale inf. 
Gonococcal infection 
H. influ. incl. menin. 
Legionellosis 
Leprosy 
Leptospirosis 
Listeriosis 
Meningococcal inv. 
Misc. undass. 
Miscellaneous enteric 
Miscellaneous zoonotic 
Mycobacteria nontb. 
Mycoplasma horn. genital 
MycoplasmaIureaplasma , 
Pasteurella multocida 
Pertussis 
Plague 
Pneumococcal invasive 
Relapsing FVR.- tick/louse 
Rickettsioses 
S. aureus-TSS 
S. aureus excl. TSS 
Salmonellosis, nontyphi. 
Shigella 
Strep. Group A 
Strep. Group B neonatal 
syphilis 
Tetanus 
Tuberculosis 
Tularemia 
Typhoid 
Vibrio inf. excl. cholera 
Yersiniosis excl. plague 

Fungal 
Actinomycotic diseases 
Aspergillosis 
Blastomycosis 
Candidiasis 
Chromoblastomycosis 
Coccidioidomycosis 
Cryptococcosis 
Dermatophytoses 
Histoplasmosis 
Mycetomas 

104 Closmg the Cap 

moo0 
700 
100 

l,OOO,OOO 

5,OOh 
200 

2,100,~ 
4,000 

2,200,OOO 
25 

10,000 
5,000 

10 
200,000 

10,000 
6,000,OOO 
2,000,OOO 

20,000 
75,000 

400 
1.100 

,220 
6,000 
Loo0 

200,000 
Loo0 

10,000 
100,000 
250,000 

14,000 
34,ooo 

*o,o;~ 
264 

zoo0 
4,500 

8,900,OOO 
2,000,OOo 

300,000 
10,000,000 

7,000 
70,000 

150 
27,000 

402 
600 

10,000 
5,000 

0.0001 
1.0 
0.0 
0.01 
5.0 
0.0 
4.0 
0.5 
0.1 
0.0005 
0.05 
1.0 
1.0 
0.1 

10.0 
0.2 
0.05 
0.0 
0.05 
5.0 

15.0 
1.5 
3.0 

12.5 
10.0 
0.05 
1.0 
1.0 
0.5 
0.002 
0.001 
0.25 
0.2 

15.0 
8.0 
0.5 
5.6 
3.0 
0.08 
0.1 
0.2 
0.03 

20.0 
0.08 

30.0 
5.0 
1.0 
6.0 

:::5 

1,400 5.0 
2,300 7.0 

loo 7.0 
4,000 10.0 

50 0.0 
8,000 4.0 
1,000 10.0 

18,000,OOO 0.0 
10,000 1.0 

25 0.0 

0.0001 
0.5 
0.0 
0.01 

i:: 

2 
0:02 
0.0001 
0.02 
0.0 
0.0 
0.08 
3.0 
0.1 
0.05 
0.0 
0.02 
5.0 

15.0 
1.0 
1.0 

12.5 
10.0 
0.05 
0.5 
0.5 
0.4 
0.001 
0.001 
0.2 
0.2 

10.0 
6.0 
0.5 
5.0 
1.5 
0.05 
0.05 

:::2 
15.0 
0.01 

30.0 
4.0 
0.8 
5.5 
2.0 
0.04 

0 
40 
50 

0 
99 
80 
99 
97 
75 
50 

5 
95 
80 
10 

>99.9 
90 
10 

1 
40 

3 
3 

5: 
1 

t 
50 

5 
1 
1 
1 

20 
80 
50 

ii 
5 

75 
3 

80 
55 

1 
5 

75 
98 
40 
15 
95 
80 

0.5 

10 
5 

5 
5 

10 
4 
1 

; 

35 
50 
50 

1 
99 
84 
99.3 
99 
95 
80 
50 
98 
85 
15 

>99.9 
98 
10 
10 
65 
75 
12 

6: 
35 
50 

1 
80 
10 
2 

25 
7.5 

25 
85 
75 
55 

5 
10 
90 

5 
95 
75 

1.5 
25 
85 
99 
40 
17 
99 
95 

2 

10 
5 
5 
5 
5 

10 
4 
1 

; 

0 
7 
0 

loo 
0 
0 
8 
2 

2,100 
0 

1,100 
3 

100 
5 
1 

400 
5 
0 

Loo0 
Loo0 

11,250 
6 

33 
28 

600 

2,& 
20 
50 

2 

35 
68 

32,OO: 
1 

112 
135 

7,120 
2,000 

3,zz 
1,400 

56 
45 

1,350 

3: 
400 

3 

70 
161 

7 
400 

32: 
100 

0 
100 

0 
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Without prevention With prevention 
Cases Deaths Cases Deaths 

Preventable 
annuallyd Future incidence’ 
Cases Deaths Cases Deaths 

0 

0 

a 

0 

0 

Bacterial 
Chla. neon. 
Psittacosis 
Trachoma 
Mycopl. pneu. 
Anthrax 
B. cereus 
Bot. in infant 
Brucellosis 
Campylobact . 
Chancroid 
Chla. tra. gen. 
Cholera 
C. perfring. 
Dial. pyre.-sep. 
Diphtheria 
E. coli.-ent. 
End. bat.-Ae&An 
Gardner. vag. 
Gonococcus 
H. inf. in men 
Legionellosis 
Leprosy 
Leptospirosis 
Listeriosis 
Meningo. inv. 
Misc. unclass. 
Misc. ent. 
Misc. zoo. 
Mycobac. nontb. 
Mycop. horn. gen. 
MycopJureapla. 
Pasteur. multoc. 
Pertussis 
Plague 
Pneumo. inv. 
Relap. fever 
Rickettsioses 
S. aur.-TSS 
S. aur. ex TSS 
Salm.-nontyphi. 
Shigellosis 
Strep. gp. A 
Strep. gp. B neo 
Syphilis 
Tetanus 
Tuberculosis 
Tularemia 
Typhoid 
Vibrio ex. chol. 
Yersinio ex. pl. 

Fungal 
Actinomycosis 
Aspergillosis 
Blastomycosis 
Candidiasis 
Chromoblastomy. 
Coccidioidomyc. 
Cryptococcosis 
Dermatophytos. 
Histoplasmosis 
Mycetomas 

50,000 
1,167 

200 
l,OOO,OOO 

100 
25,000 
20,000 
13,333 

8,400,OOO 
8,ooO 

2,315,789 
500 

50,000 
5,556 

15,000 
2,000,000 

11,111 
6,060,606 
3‘333,333 

20,619 
77,320 

417 
2,444 

222 
6,250 
1,000 

400,ooo 
2,105 

10,101 
101,010 

. 252,525 
17,500 

170,000 
100 

416,667 
278 

2,105 
18,000 

9,175,258 
10,000,000 

666,667 
10,101,010 

7,638 
280,000 

7,500 
45,000 

473 
12,000 
50,000 

5,.025 

0 
12 
0 

100 
5 
0 

800 
67 

8,400 
0 

1,158 
5 

500 
6 

1,500 
4,000 

6 
0 

1,667 
1,031 

11,598 
6 

73 

6:: 
1 

4,000 
21 
51 

: 
44 

340 

33,3:: 
1 

118 
540 

7,340 
10,000 

1,333 
3,030 
1,528 

224 
2,250 
2,250 

5 
720 

2,000 
3 

1,556 78 
2,421 169 

105 7 
4,211 421 

8,8E 35: 
1,042 104 

18,181,818 0 
10,526 105 

25 0 

0 0 
467 45 
100 

0 i 
99 5 

20,000 0 
19,800 792 
12,933 65 

6,300,OOO 6,300 
4,000 0 

115,789 58 
475 2 

40,000 400 
556 1 

14,990 1,499 
1,800,OOO 3,600 

1,111 
60,606 ; 

1,333,333 667 
619 31 

2,320 348 
17 0 

1,344 40 
2 0 

250 25 
0 0 

200,000 2,000 
105 1 
101 

1,010 :, 
2,525 0 
3,500 9 

136,000 272 
50 7 

16,667 1,333 
14 0 

105 6 
13,500 405 

275,258 220 
8,000,OOO 8,000 

366,667 733 
101,010 30 

638 128 
210,000 168 

7,350 2,205 
18,000 900 

71 1 
11,400 684 
40,000 1,600 

25 0 

17,500 
583 
100 

10,000 

21,g 
19,860 
13,200 

7,980,OCO 
6,400 

1,157,894 
490 

42,500 
833 

14,990 
1,960,OOO 

1,111 
606,060 

2,166,666 
15,464 
9,278 

16 
1,467 

78 
3,125 

10 
320,000 

211 
202 

25,252 
18,939 
4,375 

144,500 
75 

229,167 
14 

210 
16,200 

458,763 
9,500,OOO 

500,000 
151,515 

1,974 
238,000 

7,425 
18,OpO 

80 
11,880 
47,500 

100 

156 8 156 
121 121 

5 : 5 
211 21 211 

3 0 3 
889 36 889 

42 4 42 
181,818 0 181,818 

526 5 737 
0 0 0 

0 
9 
0 
1 
5 
0 

797 
66 

8,316 

92: 
5 

500 
2 

1,500 
3,960 

1 
0 

1,434 
773 

1,392 
2 

63 

3t20 

3,& 
12 
11 

1 
1 

18 
289 

12 
22,083 

0 
23 

513 
2,982 
9,750 
Loo0 
1,040 

678 
220 

2,227 
1,170 

2 
713 

1,950 
1 

22 
77 
3 

341 
0 

196 
4 
0 
7 
0 

32,500 
584 
100 

990,000 
1 

4,000 
140 
133 

420,000 
1,600 

1,157,895 
10 

7,500 
4,723 

10 
40,000 
10,000 

5,454,546 
1,166,667 

5,155 
68,042 

401 
977 

3,:z 
990 

80,000 
1,894 
9,899 

75,758 
233,586 

13,125 
25,500 

25 
187,500 

264 
1,895 
1,800 

8,716,495 
500,ooo 
166,667 

9,949,495 
5,664 

~,ooo 
75 

27,000 
393 
120 

2,500 
4,925 

1,400 
2,300 

100 
4,ooo 

8,; 
Loo0 

18,000,OOO 
9,789 

25 

0 
3 

99” 
0 
0 
3 
1 

84 
0 

232 
0 
0 

it 
40 

5 
0 

233 
258 

10,206 
4 

10 

3:: 
0 

400 
9 

40 
1 
2 

26 
51 

3 
11,250 

1 
95 
27 

4,358 
250 
333 

1,990 
850 

2; 
1,080 

3 
7 

50 
2 

56 
92 

8: 
0 

160 
100 

0 
98 

0 
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Table 1. Continued 

Disease 
or agent 

Paracoccidioidomycosis 
Sporotrichosis - 
Zygomycosis 

Nosocomial 
Acute care 
Chron. care 

Parasitic 
Amebiasis 
Ascariasis 
Babesiosis 
Cryptosporidiosis 
Echinococcosis 
Filariasis 
Flukes 
Giardiasis 
Hookworm 
Leishmaniasis 
Malaria 
Meningoencephal., amoebic 
Pediculosis 
Pneumocystis 
Scabies 
Schistosomiasis 
Strongyloidiasis 
TaeniesisIcysticercosis 
Toxocariasis VLM 
Toxoplasma congenital 
Toxoplasmosis excl. tong. 
Trichinosis 
Trichomoniasis 
Trypanosomiasis, African 
Trypanosomiasis, Amer. , 

Viral 
Adenovirus 
CMV congenital 
Colorado tick fever 
Coronavirus 
Dengue-classical 
Encephalitides, N.A. 
Enteroviral dis.-nonpolio 
Hepatitis A 
Heuatitis B 
Hebatitis non-A non-B 
Herpes simplex (gen.) 
HIV 
HSV neonatal 
Influenza 
Lymphocytic choriormenin. 
Measles 
Mumps 
NorwaWother 27 nmpar. 
Papilloma virus 
Poliomyelitis 
Rabies 
Rhinovirus 
Rotavirus 
Rubella congenital 
Rubella excl. congenital 
Varicella 
Virus, respiratory sync. 

Case/fatality 
Current ratio (Yc)~ Effectiveness’ Deaths 
incidence” Now Future Now Future now 

2 
200 
100 

0.0 
6.0 

15.0 

0.0 
4.0 

15.0 

1.2 
1.3 

0.01 
0.01 

10.0 
50.0 
0.75 
0.001 
0.0001 
0.0001 
0.0001 
0.1 
1.0 

50.0 
0.0 
1.0 
0.0 
0.0001 
1.0 
0.2 
0.0001 
2.0 
0.0001 
0.001 
0.0 
5.0 
5.0 

0.01 
10.0 
0.01 
0.0 
0.0 
1.0 
0.0001 
0.3 
3.0 
0.4 
0.00001 

10.0 
20.0 

0.005 
0.01 
0.01 
0.004 
0.0001 
0.001 

10.0 
99.0 

0.00001 
0.01 

50.0 
0.0001 
0.0002 
0.005 

3 
4 
5 

0 
12 
15 

2,200,OOO 
1,900,OOO 

1.2 
1.3 

6 32 26,400 
1 16 24,700 

\ 

12,000 
50,000 

20 
50 

200 
300 

9,000 
120,000 

200 
35 

2,500 
4 

9,000,000 
600 

10,000,000 
Loo0 

10,000 
Loo0 

10,ooo 
3,O@J 

2,300,OOQ 
100,000 

5,000,ooo 
2 
1 

0.3 
0.1 

10.0 
50.0 

1.5 
0.001 
0.001 
0.0001 
0.0001 
0.1 
1.0 

99.99999 
0.0 

20.0 
0.0 
0.001 
1.0 
1.0 
0.0001 

15.0 
0.0001 

A:: 
10.0 
10.0 

50 
20 
10 
20 
50 
0 
0 

50 
90 

0 
75 

0 
10 
90 

1 
75 

1 
50 

: 
5 

10 
5 
0 
0 

50 
50 
10 
50 
60 

0 
0 

90 
95 

0 
98 
10 
10 
90 

1 
90 
20 
80 
80 
50 
50 
90 
10 
0 
0 

36 
50 

2 
25 

3 
0 
0 
0 
0 

2: 
4 
0 

120 
0 
0 

100 
10 
0 

450 
2 

1,ooO 
0 
0 
0 

10,000,000 
1,900 
2,500 

18,080,ooo 

5,o; 
6,000,OOO 

48,000 
128,000 
50,ooo 

400,000 
80,000 

1,000 
20,000,000 

200 
2,500 

10,000 
6,ooO,ooO 
3,000,OOo 

7 
10 
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0 
99.9 
99 
10 
50 

100 
99.9 

2 
30 

1,000 
285 

0 
0 

60: 
60 

144 
3,840 

200 
0 

8,000 
500 

1,000 
2 
0 
0 
6 

30 
1 

10 
13 

800 
35 

0 
105 
350 

106 Closing the Cap 



0 
0 

Without prevention 
Cases Deaths 

With current Preventable 
prevention annual19 Future incidence’ 
Cases Deaths Cases Deaths Cases Deaths 

0 

0 

0 

0 

Paracoccidioid. 
Sporotrichosis 
Zygomycosis 

Nosocomial 
Acute care 
Chron. care 

Parasitic 
Amebiasis 
Ascariasis 
Babesiosis 
Cryptosporidio. 
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Flukes 
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Hookworm 
Leishmaniasis 
Malaria 
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Schistosomiasis 
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Toxoplas. tong. 
Toxopla. ex. con. 
Trichinosis 
Trichomoniasis 
Trypanosom.- Af 
Trypanosom.- Am 

Viral 
.4denovirus 
CMV congenital 
Colorado tk. fv. 
Coronavirus 
Dengue-classic 
Encephaliti.-NA 
Enterov. non-po. 
Hepatitis A 
Hepatitis B 
Hena. non-A non-B 
He‘ves sim.-gen. 
HIV 

a 

0 

HSV neonatal 
Influenza 
Lymph. choriom. 
Measles 
Mumps 
NorJoth. 27 nmp. 
Papiliomavirus 
Poliomyelitis 
Rabies 
Rhinovirus 
Rotavirus 
Rubella congen. 
Rubella ex. con. 
Varicella 
Virus-resp. syn. 
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100 15 

0 0 0 2 0 
0 8 4 198 8 
0 5 1 95 14 
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column 10). Similarly, more than a thousand addi- 
tional deaths might be preventable each year by im- 
proved prevention of infections caused by pneumo- 
cocci, HIV-1 (human immunodeficiency virus-type 
l), hepatitis B, Staphylococcus aureus, campylobacter, 
salmonella, and miscellaneous bacterial enteric 
pathogens (Table 1, column 13 versus column 11). 

Similar analyses can be applied to categories of 
infection (Figure 1). Substantial increments are pos- 
sible in the number of prevented cases of enteric (13 
million), viral (12.9 million), bacterial (6.6 million), 
vaccine-preventable (5.4 million), zoonotic (4.3 mil- 
lion), foodborne (3.5 million), lower respiratory (3.0 
million), and sexually transmitted infectious dis- 
eases (2.9 million). Marked increases in the propor- 
tion of infections prevented (cases prevented in the 
future divided by cases prevented now) are envi- 
sioned for nosocomial infections (6.9-fold), menin- 
gitis (5.1-fold), perinatal infections (3.4-fold but not 
shown in Figure 1 because numbers are too small 
for the scale used), lower respiratory infections 
(3.3-fold), sexually transmitted infections (2.5-fold), 
and day-care-center-related infections (2.4-fold). 

Impressive gains in the numbers of deaths pre- 
vented (in decreasing order) can be achieved 
(Figure 2) with bacterial diseases (35,900), vaccine- 

Table 2. Derivations of additional parameters 
from CDC survey data 

Deaths now 

Cases in absence of 
prevention 
Deaths in absence 
of prevention 

Cases prevented 
now 
Deaths prevented 
now 
Cases prevented in 
the future 
Future annual cases 

Future annual 
deaths 
Deaths prevented in 
the future 

= (current cases) (current cuse- 
fatality rutioq 

= (current cases) + (1 - current 
effecctiuenes~) 
= (cases in absence of 
prevention) (current case-fatality- 
rutiff) 

= (cases in absence of 
prevention) (current effectiveness”) 

= (deaths in absence of 
prevention) - (deaths now) 
= (cases in absence of 
prevention) (future effctiuenesP) 

= (cases in absence of 
prevention) - (cases prevented 
in the future) 
= (future annual cases) (Future 
case-fat&y-ratid) 

= (deaths in absence of 
prevention) - (future annual 
deaths) 

a o Ex ressed as a decimal. 

0 

b Ita its: data provided by CDC surwy. P 

preventable infections (25,300), lower respiratory 
infections (23,300), and nosocomial infections 
(11,100). The largest proportional gains in deaths 
prevented are envisioned with meningitis (10.5- 
fold), fungal infections (7.0-fold), nosocomial infec- 
tions (6.8-fold), lower respiratory infections 
(6.7-fold), cutaneous infections (5.9-fold), day-care- 
center-related infections (4.2-fold), and vaccine-pre- 
ventable infections (3. l-fold). 

Prevention of infection translates readily into eco- 
nomic savings. The results of applying current and 
achievable effectiveness in preventing cases (from 
CDC survey data) to negative impacts (from the 
consultants’ data) are depicted in Figure 3. Despite 
impressive accomplishments in prevention, sub- 
stantial gaps between what we are achieving and 
what we could achieve in preventing infection re- 
main. For example, we estimate that an additional 
$1.3 billion in direct costs, 56 million cases of infec- 
tion, 3.2 million hospital days, and 144 million dis- 
ability days could be saved merely by broader ap- 
plication of available or soon-to-be-available inter- 
ventions. 

The estimated gaps between current and future 
achievements in preventing deaths and reducing 
the number of years of life lost are shown in Figure 
4. An additional 80,000 deaths and nearly 1 million 
years of life lost may be saved annually. Indeed, 
more than twice as many deaths as are annually 
prevented now are likely to be prevented in the fu- 
ture. These gains result both from improved pri- 
mary prevention of cases and from improved diag- 
nosis and treatment of cases that do occur. How- 
ever, such gains could occur simultaneously with 
and be offset by increases in unprecedented deaths 
from any expanding lethal infection problem. Only 
HIV infections are foreseen to pose such a threat. 

NARROWING THE GAPS 

Each prevention estimate in the foregoing material 
depends on the composite efficacy of applicable in- 
terventions. Thus, a detailed scrutiny of each inter- 
vention capable of preventing morbidity or mor- 
tality from infection seems appropriate. 

Intervention strategies for preventing infectious 
diseases can be divided into two basic groups: (1) 
strategies that are generically applicable to all infec- 
tious diseases (indeed, to all diseases), such as dis- 
ease surveillance, epidemiologic investigations, 
diagnosis, and treatment; and (2) strategies that are 
applicable to subsets of infectious diseases, such as 
immunization, chemo- or immunoprophylaxis, 
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screening, contact tracing, control of environmental vidual cases and of clusters of disease, is important 
sources and vehicles (food, water, air, medical de- in preventing new cases as well as in initiating early 
vices), control of insect and animal reservoirs and and appropriate treatment of those who are already 
vectors, isolation precautions and quarantine, and ill. The potential for the rapid identification of spe- 
behavior modification. These 12 strategies interact cific infectious diseases has been greatly enhanced 
synergistically with each other. in recent years by developments in the microbi- 

Rapid and accurate identification, both of indi- ology laboratory and by the revolution in data pro- 

0 
Table 3. Domestic infections, United States, 1985: percentage attributed to various infection categories 

Disease or 
aeent 

rneu- 
“lO”lil 
and 
lower Upper 
WSPl- WSPl- Pen- zoo- Cuta- Food- Water- Menm- Vector- Day Vaccme 
ratorv ratorv natal notic “eous borne Entenc borne STD gihs borne care preventable 

0 

0 

0 

0 

0 

0 
0 

Bacterial 
Chlamydia neonatal 
Psittacosis 
Trachoma 
Mycoplasma pneumorua 
Anthrax 
Baallus cereus 
Botulism mcl mfants 
Btucellosis 
Campylobactenosls 
Chancroid 
Chlamydla trach. ge”. mf. 
Cholera 
Clost. perfringens 
Dal. pyrogen, py reac , sep 
nphthena 
E. cob-entenc. 
End. back-aer. and anaer. 
Gardnerella vaginale inf. 
Gonococcal infection 
H. irtflu. ind. menm. 
Legioneliosis 
Leprosy 
Leptospirosis 
Listenosis 
Meningococcal mv. 
h&SC. unclass. 
Miscellaneous entenc 
h&cellaneous zoonotic 
Mycobactena nontb. 
Mycoplasma horn. gemtal 
Mycoplasmakeaplasma 
Pasteurella moltoada 
Pertuss1s 
Plague 
Pneumococcal mvaswe 
Relapsmg FVR -h&/louse 
Rickettsloses 
S. aureus-ES 
S. aureus exd. TSS 
Salmonellosis, nontyphi 
Shigella 
Strep Group A 
Strep. Group B neonatal 
Syphdrs 
Tetanus 
Tuberculosis 
Tularerma 
Typhoid 
Vlbno mf excl. cholera 
Yersuuosis excl. plague 

Fungal 
Actinomycotic diseases 
Aspergxlloas 
Blastomycosw 
Candidlaw 
Chromoblastomycosls 

100 
100 

100 

100 
100 

100 

100 

loo 
100 

100 

50 

12 
98 

100 
loo 

1 

20 

100 
20 
95 

1 

1 75 
20 loo 

85 

100 
95 

100 

100 

100 

100 

ml loo 
90 Ioil 

5 
100 loo 15 

100 
100 

loo 100 
100 1w 

25 100 75 
5 

100 
100 

32 

60 
80 

1 
95 100 5 

75 17 
100 % 100 3 

30 100 10 
25 5 

100 

100 

80 100 10 
90 100 10 
65 35 

1 
100 
100 

100 

100 
5 

30 100 

5 100 

0.5 100 
10 100 

5 5 IOU 
100 
100 

1 2 
1 

25 
\ 5A 2 

100 
uxl 

0.6 
100 
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Table 3. Continued 

nsease or 
agent 

Pneu- 
morua 
and 
lower UPPer 
respl- resp- Pen- zoo- cuta- Food- Water- Menin- Vector- Day Vaccine 
ratorv ratow natal nohc neous borne Enteric borne STD @hs borne care preventable 

Cocodloldomycosls 
Cryptococcosls 
Dermatophytoses 
Histoplasmosis 
Mycetomas 
ParacoccldloldomycosIs 
Sporohichosis 
Zygomycosls 

Nosocormal 
Acute care 
Chron care 

Parasitic 
Ameblasls 
Ascanasls 
Babesiosls 
Clyptospon&osls 
Echinococcosls 
Fdanas~s 
Flukes 
Gardlasls 
Hookworm 
Lelshmaniasls 
Malana 
Menmgoencephal , amoebic 
Pedlculosls 
Pneumocystis 
Stables 
schist0somias1s 
Stmngyloidiasis 
Taemesis/cyshcercosu 
Toxocanasls VIM 
Toxoplasma congemtal 
Toxoplasmosis excl tong 
Tnchmosts 
Tnchomoniasis 
Trypanosomiasis, African 
Trypanosormasls, Amer. 

Viral 
Adenovims 
CMV congenital 
Colorado tick fever 
Coronawrus 
Dengue-classrcal 
Encephahhdes, N.A. 
Enteroviral dls -nonpoho 
Hepahtis A 
Hepahhs B 
Hepatihs non-A non-B 
Herpes simplex (gen.) 
HIV 
HSV neonatal 
Influenza 
Lymphocytic chonormenin 
Measles 
Mumps 
Norwalk/other 27 nmpar. 
Papilloma w-us 
Pohomyehtis 
Rabies 
Rhmovms 
Rota\lms 
Rubella congemtal 
Rubella excl. congemtal 
Vancella 

loo 

loo 

100 

\ 

15 
II 

100 

bo 
100 5 

loo 

100 
loo 

6 
lb 8 

0 

0 
05 
5 

loo 
100 

100 
100 

2 
loo 

100 
100 
100 bo 15 

0 
90 IO0 

100 
100 

100 

05 

0.5 

100 

100 

100 

0 
loo 

100 
loo 
100 loo 

100 
100 

0 100 
100 

2 loo 

100 
1 

100 
100 

2 
15 

100 
10 100 

0 1 

I 
100 

100 
75 

100 
100 

100 

100 

loa 

I 100 

100 
100 

0.5 

100 
100 

95 

loo 

* 
100 5 

5 
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100 
loo 10 loo 

loo 
100 
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100 

100 

100 
100 
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Table 4. The annual negative impact of infections, 
United States: consultants’ data 

0 
Cases 

0 
742,248,261 

Deaths 194,704 
Years lost before the age of 6.5 2,192,370 
Hospital days 42‘029,624 
Disability days” 1,901,847,705 
Cod $17,191,400,000 

a Davs lost from work, school, preschool, or housekeeping. 
b Excludes costs of death, sequelae of infections, home care, and 

reactions to treatment. 0 

0 

0 

0 

0 

0 

cessing. Advances in molecular biology and micro- 
bial genetics have led to the development of rapid, 
sensitive, and specific diagnostic tests, and addi- 
tional discoveries are imminent. 

Surveillance and epidemiologic investigations es- 
tablish risk factors for disease by defining the 
sources of infection, the means by which the caus- 
ative agent is spread, and the host factors that make 
people susceptible to infection. Surveillance iden- 
tifies new problems, focuses control efforts, and 
provides a means to monitor the effectiveness of 
control efforts. 

Our ability to perform surveillance has been 
greatly enhanced by advances in data processing, 
which permit rapid transmission of data among 
public health agencies and health care providers 
and allow for immediate analysis of large amounts 

CASES IN MILLIONS 

‘I5 *? 2,5 3p 

Table 5. Current annual impacts by infection 
category, United States: CDC survey data 

Infection group Deathsa Incidenceb 

Bacterial 68,200 36,026,OOO 
Cutaneous 11,800 53534,000 
Day-care-related 2,600 3,713,oOo 
Enteric 10,800 25227,000 
Food-borne 9,100 6,496,OOO 
Fungi 1,200 18,027,OOO 
Meningitis 3,500 229,000 
Nosocomial 51,100 4,100,OOo 
Parasitic 1,800 26,620,OOO 
Perinatal 2,800 65~300 
Pneumonia and lower respiratory 52,000 29,321,OOO 
Sexually transmitted 8,200 16,234,OOO 
Upper respiratory 3,300 160,590,OOO 
Vaccine-preventable 40,400 38,623,OOO 
Vector-borne 800 13,000 
Viral 17,000 207,329,OOO 
Water-borne 900 940,000 
Zoonotic 5,300 6,536,OOO 

n Rounded to the nearest 100. 
b Rounded to the nearest 1,CKHJ. 

of data as they are gathered. Disease surveillance 
and investigation, combined with new diagnostic 
techniques, permit the+ other interventions dis- 
cussed to be performed efficiently and effectively 
for specific infections. Potentially communicable 
persons and reservoirs within the environment can 
be identified, treatment or decontamination can be 
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WATER-BORNE 

DAY-CARE- 
CENTER RELATED 

NOSOCOMLAL 

0 CURRENT WES PRMNTEO’ 

q PGTENTW‘ INCREMENT IN 
U-SES PREVENTED 

Figure 1. The prezlention of 
infectious diseases in the 
United States, current and po- 
tential: number of cases pre- 
vented annually, by infection 
categories, based on CDC 
survey data. 
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initiated, and, when necessary, chemoprophylaxis 
and immunoprophylaxis can be offered to exposed 
and potentially exposed persons. Disease investiga- 
tions continue to identify new sources of transmis- 
sion for well-known agents. 

NOW 

cl CURRENT DEATHS PREVENTED 

POTENTIAL INCREMENT IN 
DfATHS PREVENTED 

FORESEEABLE 
FUTURE 

NEGATIVE IMPACTS 

COSTS (BILLIONS) 

CASES (MILLIONS) 

,5.4x 

PO w 

PREVENTED 1 NOT PREVENTED 
NOW” FUTURE”1 NOW* FUTURE- 

I 
3.1 4.4 17.2 159 

135.1 191.3 742 2 686 0 

HOSPITAL DAYS (MILLIONS) 7.6 10.8 42.0 36.8 

DISABILIM DAYS (MILLIONS) 346.2 490.1 1901.8 17579 

Figure 3. Annual morbidity from infections, United Figure 4. Annual mortality from infections, UnIted 
States. ‘Unprevented morbidity is equivalent to the CUY- States. *Unprevenfed mortality is equivalent to current 
rent negatizle morbidity impacts shown in Table 4. **De- negative mortality impacts in Table 4. **DerizJed from 
rived from above prevention estimates and current nega- above prevention estimates and current negatizfe mor- 
tive morbidity impacts. tality impacts. 

Figure 2. The prevention of 
infectious diseases in the 
United States, current and po- 
tential: number of deaths pre- 
vented annually, by infection 
categories, based on CDC 
survey dafa. 

Advances in molecular biology offer great oppor- 
tunities to improve the immunogenicity, safety, 
and quantity of older vaccines and to develop 
highly effective and safe new ones. The production 
of more effective vaccines with a longer duration of 
protection in large quantities at low cost may ulti- 

NOW 

A- ND’ DREVENTED- 

FORESEEABLE 
FUTURE 
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a 
mately make routine immunization of the entire 
population with a variety of vaccines (e.g., hepatitis 

0 
B, meningococcal vaccine) economically feasible. 
Improved vaccines might also play major roles in 

0 
management of persons known or likely to be ex- 
posed to particular infectious agents, and make it 
possible to develop highly effective immunopro- 
phylactic agents. 

Ongoing research has led to new antimicrobial 
agents, especially antiviral and antifungal drugs, 
that are available or undergoing experimental trials. 
These drugs offer the promise of successful therapy 
for persons who have infections that until now have 
been untreatable. Such therapy will lessen the 
burden of illness and reduce the likelihood that the 
diseases will be communicated to others. Surveil- 
lance of microbial resistance of infectious agents im- 
proves the appropriateness and thus the effective- 
ness of both treatment and prophylaxis. 

Contact tracing is often associated with finding 
persons exposed to sexually transmitted diseases. 
This method may also be used to identify people 
who are at risk for other infections, such as infec- 
tions caused by eating contaminated food, by con- 
tact with persons who have communicable diseases 
in day care centers or institutions, or by exposure to 
contaminated pharmaceutical products and medical 
devices. The rapid institution of effective therapy in 
persons already infected, at times before the onset 
of symptoms, may be critical to the prevention of 
disability, mortality, and spread of infection. 

Screening, the systematic and routine use of tests 
to detect infection, is especially useful when a large 
percentage of infected persons are without clinical 
symptoms, and the progress or spread of the infec- 
tion can be influenced if its presence is known. In- 
fections detected through screening contribute to 
surveillance and contact tracing and may lead to 
chemo- or immunoprophylaxis, immunizatron, or 
counseling to influence changes in behavior. 

Environmental control is the process of ensuring 
that food, water, and air do not become a source of 
infectious diseases. Examples of areas where fur- 
ther progress can be made include finding ways to 
reduce antibiotic-resistant salmonella in meat 
products and developing new approaches to reduce 
the hazard of legionella in cooling towers and po- 
table water. 

a 

The control of insects and animals involved m 
arthropod-borne and zoonotic infections contmues 
to be of great importance. Expanded efforts at pre- 
vention will further reduce the impact of illnesses as 
diverse as campylobacteriosis, plague, rabies, and 
infectious encephalitis. 

Quarantine, the detection and total physical iso- 
lation of infected persons, has some applicability in 
preventing the introduction of certain hazardous 
communicable infections from other parts of the 
world into the United States. However, it plays 
little part in the prevention of domestic infections. 
Isolation, the implementation of precautions appro- 
priate for the known ways in which infections are 
spread, is effective in preventing spread from pa- 
tients to other patients, hospital staff, and visitors. 

The final intervention strategy is behavior modifi- 
cation. Convincing people to alter aspects of their 
lifestyles that predispose them to infectious dis- 
eases or that enable them to spread infections to 
others is difficult. Personal hygiene, sexual be- 
havior, and the use of tobacco products, alcoholic 
beverages, and licit and ilicit drugs, as well as a 
person’s willingness to make appropriate use of 
health care providers and public health services, 
profoundly affect one’s risk of becoming a victim of 
an infectious disease. 

We believe that the interventions likely to have 
the most impact on closing the demonstrated gap 
between current achievements and future attain- 
ments in preventing cases and deaths from infec- 
tions include improved epidemiologic services, im- 
proved diagnosis and treatment, more widespread 
immunization, more effective environmental con- 
trol, and more effective behavior modification. The 
risks for infectious disease are multifactorial, and a 
broad-based approach to prevention that uses 
many intervention strategies will yield the best re- 
sults. 

SUMMARY 

More than 740 million symptomatic infections occur 
annually in the United States, resulting in 200,000 
deaths a year. Such infections result in more than 
917 billion annually in direct costs, not including 
cost of deaths, lost wages and productivity, reac- 
tions to treatment, and other indirect costs. About 
135 million infections, 63,000 deaths, and 53.1 bil- 
lion in direct costs are now prevented annually, but 
an additional 56 million cases, 80,000 deaths, and 
$1.3 billion in direct costs could be prevented by 
using currently and soon-to-be-available interven- 
tions. 

The advances made in preventing infectious dis- 
eases during this century have been among the 
most dramatic developments in medicine. How- 
ever, it is likely that we will be able in the future to 
prevent nearly one and a half times more infections 
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