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24 INCIDENCE AND NATURE
OF ENDEMIC AND EPIDEMIC

NOSOCOMIAL INFECTIONS
Robert W. Haley

One of the cencral concepts of modern infection con-
trol 1s that one must have a thorough knowledge of
the occurrence of infection problems to control them
most effectively. Although there is no substitute for
umely informartion on the current infection situation
in one's own hospital from ongoing surverllance, a
valuable perspective can be gained from studying the
incidence and nature of nosocomial infections in the
nation as a whole and in hospitals similar to one's
own. Such information not only points out nacional
infection problems and trends that are likely to be
mirrored in local situations, but also alerts infection
control personnel to potentially useful concepts and
techniques that can be adopted and to potential pit-
falls chat can be avoided.

The problem of nosocomial infections is usually
discussed 1n two different contexts: eptdemics of 1n-
fections and endemic occurrences. Epidemics have
been very important in the development of the mod-
ern approach to hospital infection control by pre-
senting emergency situacions that have focused con-
cern and effort on the problem, consequently eptdemics
of infections have recetved much attenuon from in-
fection control personnel and have been the focus of
much of the scientific literature on the subject. Since,
however, only about 2 to 4 percent of nosocomial
infections occur as part of epidemics {25,54), de-
scriptions of nosocormial infections reflece almost en-
urely the nature of endemic nfections and give lictle
insight 1nto epidemic problems. This does not mean
that epidemics are not important, for when they are
recognized they often provoke crises thac call for in-
tensive nvestigation and decisive control measures.
It does mean, however, that an adequate description
of nosocomial infections must deal with endemic and
epidemic infections separately.

The purpose of thus chapter 1s, first, to describe
the natonwide incidence and distribution of endemic
nosocomial infections 1n U.S. hospitals from several
studres recently completed; second, to characterize
the nature of epidemics and trends in their occur-
rence, tncluding the troublesome problem of pseu-
doepidemics; and third, to discuss methods of esti-
mating the adverse consequences of these problems
1n terms of prolongation of hospital stay, extra costs,
and death.
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ENDEMIC NOSOCOMIAL INFECTIONS

Overall Infection Rates

The effort to estimate rates of nosocomial infections
began with surverllance studies of the prevalence {31}
and incidence {11,491 of infections 1n individual
hospitals. The first effore to estimate the magnitude
of the problem on a wider scale was made by the
Centers for Disease Control (CDC) in a collaborative
study of eight community hospitals known as the
Comprehensive Hospital Infections Project (CHIP)
{11]. Performed 1n the late 1960s and early 1970s,
this contracr-supported study involved very intensive
survetllance efforts to detect both nosocomial and
community-acquired infections. Validation studies
were performed by CDC epidemiologists who visited
the hospitals on a regular basis to estumarte the per-
centage of infections detected by the hospitals’ sur-
vetllance personnel. Based on an overall rate of 3.2
infected patients per 100 discharges and an adjust-
ment for the percentage of true infections detected,
it was esttmated that 1n 1970 approximately 5 percent
of pattents 1n community hospieals developed one or
more nosocomial infections (the “infection percent-
age”—see Chapter 4) {4}, an estumate that was sub-
sequently widely held to be the national rate of nos-
ocomial infection.

In 1970 the CDC studies were extended to a group
of approximately 80 volunteer hospitals of diverse
sizes and types and called the National Nosocomial
Infections Scudy (NNIS). Although the same general
surveillance methods were used, the quality-control
techniques used 1n CHIP were not feasible in the
NNIS, however, the advantages of the NNIS were
that the group contained a substantial number of
hospitals representing the major types of hospitals 1n
the Uniced States, and the system could continue
reporting data over a number of years. The overall
infection rates reported from the NNIS hospials,
unadjusted for completeness of ascertainment, have
remained relatively stable at about 3.2 infections per
100 discharges (the “infection ratio”—see Chaprter
4) from 1970 chrough 1982, although some inter-
estung secular trends have been observed and are de-
scribed 1n this section and 1n Secular Trends below.
Assuming that the completeness of ascertainment of
infections in the NNIS was similar to that 1n CHIP,
we could derive an estimate of the nationwide infec-
tion rate 1n the same range as the 5 percent figure
esttmated from CHIP. Although the design of these
two surveillance studies limited che precision of the
esumates, they gave the first consistent estimates of
the order of magnitude of the problem.

One of the objectives of the Study on the Efficacy
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of Nosocomial Infection Control (SENIC) Project (see
Chapter 3) was to derive a more precise estimate of
the nattonwide nosocomial infection rate from a sta-
tstical sample of U.S. hospitals {22}. On the basis
of direct estuumates made in 338 randomly selected
general medical and surgical hospitals with 50 beds
or more and staustically derived extrapolations to
groups of small and specialty hospitals, the report
from the SENIC Project estimated that at least 2.1
million nosocomial infections occurred among the
37.7 million admuissions 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-
ocomual infections per 100 admissions (the infection
ratio), and approximately 4.5 percent of hospitalized
patients experienced at least one nosocomial infection
(the infection percentage). Given that patients stayed
a rotal of almost 299 million days in U.S. hospitals
in 1976, the incidence-denstty of infections was ap-
proximately seven infections per 1000 patient-days
(see Chapter 4).

These figures should be considered lower-bounds
estumartes of the current infection rates for at least
three reasons. First, the methods used in most studies
of nosocomial infections appear to underestimate 1n-
fection rates to some degree. Although the standard-
1zed procedures used in the SENIC Project were in-
tended to minimize this bias, some underestimation
1s possible. Second, the fact chat the nationwide in-
fection rate appears to have increased by approxi-
mately 10 percent from 1970 to 197576 [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 this trend.

Third, since the estimates from the SENIC Project
applied specifically to the 6449 acute-care U.S. hos-
putals, they do not account for a substantial number
of additional institutional infections that occur each
year 1n 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 occurring, an incidence-density about half chat in
acute-care hospitals {17,33]}. Since there are some-
what more total institutional days spent by residents
in nursing homes than by patients in hospitals (ap-
proximately 451 million versus 299 mullion), nursing
homes may be accounting for as many as 1.5 mullion
institutional infections per year. If these figures and
the secular trends are reasonably accurate, the total
number of nosocormal and other institutional infec-
tons 1n the 1980s may exceed 4 mullion per year, a

Aoy dacn



T IONS

‘SENIC) Project (see
re precise estimate of
ceron rate from a sta-
Is {22}. On the basis
38 randomly selected
sspitals with 50 beds
.ed extrapolations to

ospitals, the report
weed chat at least 2.1
occurred among the
6449 acute-care U.S.
Jan 1975-76 {17}
sroximately 5.7 nos-

sions (the infection
>rcent of hospitalized
nosocomial infection
1 thar patients stayed
wvs 1 U.S. hospitals
of infecrions was ap-
r 1000 patient-days

idered lower-bounds
on rates for at least
used 1n most studies
to underestimate tn-
hough the standard-
) C Project were 1n-
me underestimation
- the nauonwide 1n-
;reased by approxi-
1975-76 [ 18] sug-
)80s can be expected
ted by the SENIC
@ bstantial improve-
1d control acuvities

1 the SENIC Project
cute-care U S. hos-
substannial number
ns that occur each
nursing homes (see
1e study from which

. can be esumated,

) resident-days may

v about half that 1n
ce there are some-
@ spent by residents
ts 1n hospitals (ap-
9 mullion), nursing
any as 1.5 milion

t these figures and
accurate, the rotal
‘nsntunonal infec-

mlion per vear, a

24 INCIDENCE AND NATURE

number substantially larger chan the total number of
vearly hospital admussions for all cancers. accidents,
and acute myocardial nfarctions combined [50].

Rates by Site of Infection

Nosocomual infections involve diverse anatomuic sites,
but the risks of these various types of infections, and
consequently their relative frequency, appear to be
very sumtlar in most hospitals. Table 24-1 lists the
estimated nationwide infection rates and the relative
frequency of the most common sites found in the
SENIC Project {17]. These estimates, as well as those
from past studies, supportt the following conclusions:
nosocomtal urinary tract infections 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-six-
teenth; and all other types of nosocomial infections
collectively account for the remainder. Although these
data are expected to vary from hospital to hospital,
they have been remarkably consistent 1n most re-
ported studies.

Rates by Pathogen

Currently the best source of informaction for gaining
insight 1nto the nacionwide patterns of microorga-
nisms tnvolved 1n nosocormial infections 1s che NNIS.
In the reporrt of data from 1980-82, the eptdemiology
of the various nosocormal pacthogens was particularly
well analyzed [29). Cultures were obtained in 90
percent of reported nosocomial infections, and 1n 85
percent at least one causative pathogen was isolated
(a single pathogen 1n 65 percent and more than one
i 20 percent). Among these infections of known
cause, 91 percent involved aerobic bacteria; 2 per-
cent, anaerobic bacteria; 6 percent, fungi; and the
remaining 1 percent, a miscellaneous group of vi-
ruses, protozoa, and parasites. On the basis of other
scudies {26,951}, 1t appears that viral nosocomtal
infections are substantially underreported 1n the NNIS,
a fact that mirrors the underrecognition of viral in-
fections 1n hospitals generally.

The relative frequency of the 12 most commonly
1solated pathogens 1s shown for each of the four major
sites of infection 1n Figure 24-1. In nosocomuial uri-
nary tract infections, Escherichia coly was by far the
most commonly 1solated pathogen, and this held true
on all services. The second most common unnary
pathogen was the encerococcus (Streprococcus faecalss),
although 1t was shightly exceeded by Psexdomonas 1n
surgical patients and by Klebsrella in pediatric pa-
tients, and was uncommenly seen tn urinary tract
infections of newborns.

In surgical wound infections Staphylococcus aureus

361

TABLE 24-1 Rates and relative frequencies of the majoc
types of nosocomual infections, SENIC Project 1975~76

Nationw:de Percentage
infection rates®  distribution

Urninary tract infection 2.39 42
Surgical wound infection  1.39° 24
Lower respiratory infection 0.60 11
Bacteremia® 0.27 pl
Other sites 107 _18
All sites 5.72 100

*Racio of number of infections to number of admisstons multiphied
by 100 (1 e , number of nosocomial infections per 100 admissions).
From Haley, R. W | et al. Am. J Epidemiol. 121 159, 1985.
®The ratio of surgical wound infections to total operauons was
2 79 per 100 operauons

‘Includes primary and secondary bacteremaas.

was the most common because of its predominance
on adule and pediatric surgical services. On the ob-
stetric and gynecology services, however, S. aureus
was far exceeded by wound infections with E. coli,
the enterococcus, and Barterordes; group-B strepto-
cocci also played a substantial role 1n wound infec-
tions on obstetrics services.

In lower respiratory infections S. aureus, Pseudo-
monas aeruginosa, and Klebsiella were encountered with
about equal frequency overall, and the variation by
service was not great. In cutaneous infections S. aurexs
strongly predominated, with little variation by ser-
vice.

The microbiology was somewhat more complex for
primary bacteremia (1.e., culture-documented blood-
stream infections 1n which no other site of infection
was found to be seeding the bloodstream with or-
ganisms). S. auress and E. coli predominated overall
and constituted between approximately 9 and 15 per-
cent of primary bacteremias on all services. Coagu-
lase-negative staphylococci made up aboue 10 percent
of infections on all services, except pediatrics, on
which they predominated (17 percent) and obstetrics,
on which they were uncommonly isolated. Bacteroides
predominated on gynecology services (24 percent),
and along with other anaerobes wete relatvely com-
mon on obstetrics services but uncommonly isolated
on the ocher services. Group-B streptococci were the
most commonly 1solated pathogens from primary bac-
terermia on obstetrics (16 percent) and newborn (25
percent) services but were virtually unseen on the
other services. It should be noted that some primary
bacteremias are in fact cases of secondary bacteremias
1n which the primary site of infection was never as-
certained.
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[t is interestuing that on the basis of its microbi-
ology secondary bacteremia (not included in Fig.
24-1) appears to be a different disease from primary
bacteremnia. The risk of secondary bacteremia 1s high-
est following cardiovascular infections (e.g., endo-
carditis of a prosthetic valve), postoperative infectrons
of the central nervous system, intraabdominal wound
infections, and burns. Complication of infection by
secondary bacteremia 1s most common on the new-
born and pediatric services, of intermediate likelihood
on the medical and surgical services, and least likely
on the obstetrics and gynecologic services. Secondary
bacteremia is also more likely in large teaching hos-
pitals. The organisms most commonly involved are
Bacterosdes (12 percent); Servania and S. aureus (each
about 10 percent); group-B streptococct and coagu-
lase-negative staphylococci (7 percent); and Klebsiella,
Enterobacter, Pseudomonas, Candida, and Acinetobacter
(each about 5 to 6 percent).

E. it is the most commonly isolated pathogen
from all nosocomial infections regardless of site be-
cause of 1ts predominance in urinary tract infections
and 1ts substantial role 1n infections at all other sites.
3. aureus 1s the second most commonly isolated patho-
gen overall, because of its frequent involvement in
all types of infections except those of the urinary tract
where 1t 1s uncommonly found. The high frequency
of enterococci, the third leading pathogen, has pet-

FIG. 24-1. Percentage distribution of nosocomial
infections by primary pathogen at the major sites of
infection, Nartonal Nosocomual Infection Study,
1980-82.

haps not been well enough appreciated in the past.
The important role of Pseudomonas as the fourth most
common pathogen 1s not surprising because of its
well-known iavolvement in all types of nosocomial
infections. Improvements in surveillance and labo-
ratory techniques are needed to clarify the roles of
coagulase-negative staphylococci, anaerobic bacteria,
and viruses, whose true frequencies have probably
been misjudged, and perhaps more attention should
be given to the endogenous mechanisms and noso-
comial transmission of group-B streptococci in the
obstetric and newborn areas.

Pasient Risk Factors

The strongest determinants of the risk of nosocomial
infection are the characteristics and exposures of pa-
uents that predispose them to infection. Like the so-
called chronic diseases, such as coronary heart disease
and cancer, nosocomial infections arise from the com-
plex interactions of multiple causal factors, and these
factors interact differently in predisposing to the dif-
ferent types of infection (see Chapter 1). Much epi-
demuologtc and clinical research has been devoted to
studying the characteristics associated with the oc-
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currence of nosocormial nfection {7,9,10,13, 14,16,
20,27,28,32,35,47). It has not always been clear
whether the associations are truly causal, however,
and these characteristics are often referred to as “risk
factors,” that 1s, factors associated wich, but not
necessartly causing, infection. Undoubtedly, some of
these risk factors are true causes of infection; others
are only coincidentally associated with infection be-
cause they frequently follow infection or occur along
with the truly causal factors. Complicating macters
additionally 1s the fact that ewo or more risk factors
often occur stmultaneously 1n the same patient, some-
rimes exerting additive, or even synergistic, effects.
In this respect 1t is sard that these risk factors are
strongly intercorrelated.

To design strategies for preventing infections, it
1s important ro try to differentiate among coinciden-
tal indicators of risk, independent causal factors, and
synergistic interactions of causal factors. There have
been several attempts to study muluple rnisk facrors
ustng modern techniques of multivariate staciseical
analysis. Much of this work can be illuscrated by the
results of analyses of risk factors performed on a group
ot 169,526 patients who made up a representative
sample of patients admicted to acute-care U.S. hos-
pitals 1n 1975-76 as part of the SENIC Project {16,
20,271 In an (nrcral descriptive analysis, population
esumates of infection rates for each of the four major
types of infecrton were calculated within each cate-
gory of exposure to between 10 and 20 separate risk
factors {20]. A striking finding was that all of the
nsk factors were associated with infection ac all four
sites. At first this seems surprising since one would
not expect a direct causal association between being
treated on a respirator, for example, and acquiring a
urinary tract infection. The explanaction, of course,
1s that some of the associations are indicative of direct
causal relationships; others are indicative of partial
causal relatsonships, potenuated or diminished by
other concurrent influences; and others (such as that
berween respirators and urinary tract infection) rep-
resent largely coincidentcal associations (most patients
on resptrators also have indwelling urinary catheters
that predispose them to urinary tract infection).

The two factors that appeared to exert the strongest
causal influences in all four sites of infection were
indicators of the degree of the patient’'s underlying
illness. (1) in surgical patients, the duration of the
patient’s operation and (2) an index of the number
and type of distinct diagnoses and surgical procedures
recorded (intrinsic nisk index). After these, several
factors were strongly associated with infections at one
or two sites but not with all four. Having a combined
thoracic-abdominal operation was strongly associated

363

with pneumonia and surgical wound 1nfection;
undergoing a “dirty” or “contaminated” operation
was assoctated with surgical wound infection; having
an indwelling urinary catheter was linked to urinary
tract infection; being on a respirator, with pneumonia
and bacterermia; previous nosocomual infection, with
bacteremia; and recerving immunosuppressive ther-
apy, with bacteremia. Examples of nisk factors that
had weaker associations with all four sites were age,
sex, previous community-acquired infection, and
length of preoperative hospitalization.

Another way of viewing these complex multivar-
1ate associations 1s to hypothesize that there are two
general categories of causes: those that allow micro-
organisms access to vulnerable areas of the patient
(e.g., operations, catheters, and endotracheal tubes)
and those that reduce the patient’s capacity for re-
sisting the muluplication and injurious effects of the
mucroorganisms (e.g., immunosuppressive therapy
and metabolic sequelae of lengthy operations). In a
later multivariate analysis of the SENIC dara, chis
concept was tested using surgical wound infecrion as
an example [16]}. The resulting multivariate model
indicated that 2 factors—the famuliar surgical wound
classification {2} and undergoing an abdominal op-
eration—both represent the likely degree of contam-
inacton of the operative wound. These measured a
portion of the risk of surgical wound infection largely
separate from that measured by the other two fac-
cors—the duratton of the operation and the number
of diagnoses recorded. These later 2 factors represent
the patient’s degree of suscepuibility to infecuon.
Moreover, one might infer that the degree of con-
tamination of the wound and the patient’s suscep-
tibility were of about equal importance in the genesis
of surgical wound infections because each of these
four factors was about equally important in the mul-
tivariate model.

Although multivariate modeling of risk factors for
nosocomial infection s still in an early stage, several
conclusions appear reasonable, pending additional re-
search. The risk of infection is primarily determined
by definable causal factors reflecting the patient’s un-
derlying susceptibility to infection or the degree to
which microorganisms have access to vulnerable body
sites. Modification of one or more of these factors can
alter a patient’s risk. Multivariate statistical models
can be developed to predict accurately a patient’s risk
of nosocomial infection from measurable risk factors.
The aggregate infection nisk of a hospirtal, or of a
subgroup of patients in a hospital—measured by its
overall nosocomual infection rate——is primarily de-
termtned by the mix of patients, that is, by the causal
factors present when pactents are admirted and to
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which they are exposed in diagnosis and trearment.
These conclusions form cthe basis for understanding
much of the variation in nosocomial infection rates
described 1n the following sections.

Rates by Service

Differences in the average risk of infection among
groups have been most readily noticed in relation to
the well-known differences 1n 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-
proximately four times higher for pneumonia and
approximately one and one-half times higher for uri-
nary tract infection and bacteremia). 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 infections, and 94 percent of bactere-
mias) {20]. Analyses of dara collected in the NNIS
from 1980-82 showed a stepwise decrease of noso-
cormial infection rates by service from surgical to med-
ical, to gynecology and obstetrics, with the lowest
rates on pediatric and newborn services {30}, Other
investigators have quantitated the inordinately high
risks of patsents 1n special care units (see Chapter 18).

Rates by Type of Hospital

It has long been apparent that overall nosocomial
infection rates differ substantially from one hospital
to another. In the midnineteenth century Sir James
Y. Simpson found that the rate of death from infec-
uon of amputated extremites varied directly wich
the size of the hospital 1n which the operation was
performed (with larger hospitals having higher races),
a phenomenon he called “hospitalism™ [46}. The
rates of surgical wound infection in the five hospitals
participating (n the National Research Council’s pro-
spective evaluation of ultraviolet light were found to
vary from 3.2 to 11.0 percent [28}. The average
infection rates of hospitals participating in the NNIS
were reported to vary from 1.7 percent 1n small com-
munity hospitals to over 11 percent in chronic disease
hospitals {4].

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

a medical school (teaching vs. nonteaching), size of
the hospital (indicated by the number of beds), type
of control or ownership of the hospital (municipal,
nonprofit, investor-owned), and region of the country
{21]. The overall nosocomial infection rates averaged
3.7 percent 1n small (< 200 beds) nonteaching hos-
pitals, 5.1 percent in large (= 200 beds) nonteaching
ones, 7.6 percent 1n nonprofit teaching hospitals, and
8.5 percent 1n the municipal teaching 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-
nicipal 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
infection, surgical wound infection, and bacteremia
were generally higher 1n 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 1n nonteaching hos-
pitals, intermediate levels in teaching hospitals with
less than 500 beds, and highest rates in teaching
hospitals with 500 beds or more [29]). 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 additionally analyzed to try to ex-
plain the differences. Indeed, indexes of the patiencs’
risk facrors explained the greatest pace of the inter-
hospital differences, and after controlling for indexes
of patients’ risk factors, average length of stay, and
measures of the completeness of diagnostic workups
for iafection (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 intrinsic degree of illness of their patients and
related factors, and because of chis the overall infec-
tion rate per se usually gives little insighc into whether
the hospital’s infection control efforts are effecuve.

Trends Over Time

The occurrence of nosocomial infections is a dynamic
process. Changes are constancly occurring in the types
of patients admitted to hospitals, risk factors to which
they are exposed, character of the pathogens predom-
inating 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 infections and the long-term secular trends
that may occur.

SEASONALITY Analysis of the data from NNIS has
repeatedly shown seasonal variations in the occurrence
of nosocomial infections involving certain gram-neg-
ative rods {1,29,39]. The report of the 1980-82
results shows clear seasonal peaks of infections in the
summer and early fall with cerrain gram-negatve
bacteria, specifically—Klebsiella, Enterobacter. Serva-
tia. and Acinerobacter species as well as P. aeruginosa.
In contrast to the seasonal occurrence of pyogenic
infections in the community {3}, staphylococcal and
streptococcal infections show no significant seasonal
variation in the hospital. There also seems to be no
seasonality of infections with other common bacteria,
such as E. (o/1, enterococcus, Enterobacter. and anaer-
obes. Nosocomial viral respiratory infections occur
mostly during the seasons in which they occur in the
communuty (e.g., influenza and respiratory syncyual
virus infections 1n the winter and early spring) {26].

SECULAR TRENDS Changes in nosocormual infection
rates over tyme are difficult to study. In prevalence
studies performed over several decades, the relatively
small sample sizes have hampered the detection of
secular changes. An analysis of secular trends in the
NNIS from 1970-79 suggested that surgical wound
infections may have decreased slightly over the decade,
bacteremias may have increased, and other types of
infections rematned unchanged {1}. The inability to
concrol these analyses for other factors that could have
accounted for the changes, however, rendered these
findings difficult to interpret.

To address this issue, the rates from the two time
periods of che SENIC Project, 1970 and 1975-76,
were compared after controlling for the most likely
biasing facrors { 18}. After controlling for changes in
levels of patient risk, length of stay, and completeness
of ascertainment of infections, overall nosocomual in-
fection rates 1n acute-care hospitals were found to
have increased by a statistcally significant 10 percent
over the five-year period. Additional analysis, how-
ever, revealed chree contrastng trends in different
groups of hospitals. In the group that established no
substantial infection surveillance and control pro-
grams, the overall infection rate increased by 18 per-
cent; tn the group in which moderately intensive
programs were established, the rates tended to show
no sigmficant change; and in the group that estab-
lished very intensive programs for preventing infec-
tons 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 10
percent increase was really che result of two forces
that were affecting the nationwide rate in opposite
directions: (1) the continuing introduction of more
invasive and immunocompromising techniques 1nto
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 in-
dicates that future secular trends in the rates of en-
demic nosocomial infections could be in either di-
rection, depending strongly on the balance that
hospitals achieve between technologic innovations in
patient care, and 1nvestments in infection surveillance
and control programs.

EPIDEMIC NOSOCOMIAL INFECTIONS

Incidence, Recognition, and Control

While many scientific articles have been written to
describe individual outbreaks of nosocomial infec-
tions, very little work has been done to estimate the
frequency of these epidemics. The earliest study on
this subject was performed in the CDC’s CHIP study
in the early 1970s {25). Among seven community
hospitals parucipating in CHIP during 12 months
in 1972-73, a computenized threshold program
screened the regularly reported cases of nosocomial
infection for clusters of infection that might indicace
an outbreak, and a CDC epidemiologist additionally
analyzed the data to eliminate purely coincidencal
clusters. Then CDC staff members visited the hos-
pitals that had potential outbreaks to confirm the
nature of the problem and suggest control measures
if needed. From these data it was estimated that one
true oucbreak occurred for every 10,000 hospital ad-
mussions and that outbreaks accounted for somewhere
in the range of 2 percent of patients with nosocomial
infections. More recently, Wenzel and colleagues [54]
estimated that 3.7 percent of nosocomial infections
in 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-
tons.

Besides the atcention often provoked by outbreaks,
one of the main reasons for infection control personnel
to be concerned about them is that, if recognized and
investigated, control measures can often stop them,
cthus bringing about demonstrable reductions in mor-
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bidity and mortality. In the CHIP investigations,
despite che fact that the seven hospitals had very
active surveillance systems, one-third of the clusters
had not been recognized before the CDC visit. This
fact points out the difficulty of recognizing outbreaks
even in the best of circumstances and suggests the
usefulness of aventive computerized systems to screen
surveillance data for potential epidemics (see the Role
of Computers in Surveillance, Chapter 4). It also
suggests that hospitals that appear never to have out-
breaks may simply be failing to recogruze them.

The CHIP investgations also demonstrated that
40 percent of the outbreaks appeared to have resolved
spontaneously, while cthe remaining 60 percent con-
tinued until control measures were insututed [25].
Half of the outbreaks that conttnued were controlled
by measures taken by the hospitals’ infection control
staff and the other half were completely resoived only
after measures suggested by the outside investigators.
While the rate of spontaneous resolution explains the
origin of opinions against survetllance expressed by
some persons, if these figures are representative of
communtty hospitals in general-——and 1t must be re-
called that these were hospteals with very active in-
fection surverllance systems—then a large number of
outbreaks may currently be going unrecognized and
uncontrolled, despite the advanced state of infection
surveillance and control programs.

Characteristics of Eprdemcs
To recogruze, investigate, and control epidemics most
effeccively, it is helpful to understand their nature,
likely problems, and mechanisms. Although there
are many reports of sndividual outbreak investiga-
ttons, the only body of information large enough to
study the characteristics of epidemics s the series of
investigations performed by the CDC 1n response to
hospitals thar request assistance. Recently reviewed
by Stamm and colleagues {48}, this series included
252 hospital investigations performed between 1956
and 1979. Since various factors influence the types
of investigations undertaken by the CDC, this series
should be considered only an approximate reflection
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 investigations— 1958
through 1962——the outbreak investigations were di-
vided berween epidemics of gastrointestinal disease—
mainly due to Salmonefla and enteropathogenic E.
coli—and outbreaks of staphylococcal tnfections. Al-
most all these problems were centered in newborn
nurseries. From the mud-1960s on, investigations of
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staphylococcal infections diminished abrupely de
to an occasional yearly episode, and by the early 19;
outbreaks of gastroenteritis similarly diminishec
a continuing low level. From the late 1960s u
the present, there has been an increasing trend row
involvement of gram-negative pathogens, bac
emta, and surgical wound infections in outbre:
and toward problems related to intensive care :
newly introduced medical devices and related te
nologies. For example, during the 1970s the typ
infection most commonly investigated was bac
emia. Also noteworthy was an increase in inve
gations of hepautis outbreaks that peaked in 1¢
and 1976. Other interesting groupings included ¢
breaks of necrotizing enterocolitis in nurseries
sternal wound infections following open-heart s
gery—both beginning in the mid-1970s—and ¢
breaks of legionnaires’ disease, abour half of wh
occurred in hosprtals. From the late 1960s on,
increasingly rmportant sssue in many of these in
tigations was the resistance of epidemic pathogen:
multiple anamicrobial agents, particularly resista
of gram-negative bacilli to aminoglycosides and o
aureus to methicillin and/or gentamicin.

One of the most striking characterstics of the
idemics was that the percentage distribution of ty
of infections and pathogens 1avolved bore little
semblance to the percentage distributions in ende
infections. Eight types of nosocomial infections
curred with roughly the same frequency in the CI
investigated epidemics, whereas three or four m:
types predominate in endemic infections (Table
2). Moreover, except for S. aureus, which constitu
about 10 to 12 percent of both endemic and epide
infections, the pathogens found most commonly
the CDC-investigated epidemics—Sa/monella, he
titis B, Serratia, and Enterobacter—were among
least common pathogens in endemic infections (T:
24-2). This interesting relationship probably refl
in part the fact thac outbreaks occur by epidemiolc
mechanisms different from those that cause ende
infections. [t may also be due to the greater likelih
that clusters of unusual pathogens or site-patho
combinations will be recognized by infection con
personnel, and conversely that outbreaks of infect:
similar to the most common endemic infections
not as easily recognized. The selection factors
get the CDC involved in investigations also undo
edly contribute to this profile of epidemic proble

Of most practical value 15 the information that
investigatory expertence provides for identifying
modes of transmission of future outbreaks. The «
bre-aks can be classified 1nto five groups accordin,
the most likely mode of transmussion: (1) comm



CTIONS

inished abruptly down
@:d by che early 1970s,
imilarly dimtnished to
1 the late 1960s unel
ncreasing trend toward
ve pathogens, bacrer-
fections 1n outbreaks,
0 Intensive care and
ices and related rech-
the 1970s the type of
‘estigated was bacrer-
n increase in invests-
that peaked in 1975
oupings included out-
@ is in nurseries and
wing open-heart sur-
nid-1970s—and out-
about half of which
1e late 1960s on, an
many of these inves-
idemic pathogens to
‘arucular!y resistance
wglycosides and of §.
tramicin,

racteristics of the ep-
distribution of types
-olved bore little re-
@:butions 1n endemnic
:omial infections oc-
<quency in the CDC-
three or four major
nfections (Table 24-
5, which constituted
‘demlc and epidemic
most commonly 1n
—Salmonella. hepa-
r—were among the
nic infections (Table
up probably reflects
ur by eprdemiologic
hat cause endemic

e greater hkelihood

ns or site-pathogen
Jy infection control
breaks of infections
emic infections afge
‘ection factors that
‘IOHS also undoubt-
ptdemic problems.
formauion that this

for 1dentsfying the
atbreaks. The out-
roups according to
@on: ¢ 1) common-

2% INCIDENCE AND NATURE

source, {2) human transmutcer (carrier), (3) person to
person (cross-infection), (4) arrborne (microorganisms
traveling more than a few feet), and (5) uncertain
mode of transmusston. After outbreaks were classified
in this manner, 1t became apparent that certain site-
pathogen combinations, sometimes specific to a pa-
uent group, could be rather specifically identified
with partucular modes of transmission. These com-
binations are listed in Table 24-3.

Knowledge of these unique combinations can be
useful 1n focusing on the most likely mode of trans-
mission early in an outbreak investigation. For ex-
ample, outbreaks of Sa/monella gastroenteritis among
adult patients are most likely to be spread by a com-
mon source {(e.g., food), whereas a similar outbreak
in a newborn nursery s most likely to be spread by
person-to-person contact, although the roles of hos-
pital-prepared formula or breast-milk banks must be

TABLE 24-2. Compartison of types of 1afections and
pathogens involved 1n endemic and epidemic infections

Endemic Epidemic

infections* infecerons®

(%) (%)

Type of infection
Urinary rract infection 38 10
Surgical wound infection 27 9
Pneumonsa 16 12
Cutaneous tnfection 6 Il
Bacreremia 4 16
Meningitis <1 6
Gastroenteritis <l 17
Hepanus <1 12
Other _ 8 7
Tocal 100 100
Pathogen

Escherichia cols 19 3
Enterococcus 10 <1
Staphylococcus aureus 10 12
Pseudomonas 9 4
Protess 8 <1
Klebsiella 8 3
Enterobacter 4 7
Group-A streptococci 2 3
Servatia 2 8
Salmonella <1 11
Hepatitus B virus <t _10
Toeal 100 100

*Nationat Nosocomtal Infection Seudy, 1975 through 1978
®1971 through 1979

Source. Adapted from Stamm, W E ,eval Am J Med. 70-393,
1981

ruled out (see Chapter 32). Similarly, outbre:
heparitis A are most likely to be due to a cor
source, whereas outbreaks of hepatitis B are
likely to be caused by either a human dissem
(e.g., a surgeon who s a carrier) or person-to-i
spread (e.g., poor blood-handling techniques
Chapter 35). Surgical wound infections caused |
group-A streptococct are very likely to be rela
a human disseminator (e.g., an anal carrier), w.
wound infections due to §. auress may be du
human disseminator or other factors (see Chapte
[t 1s noteworthy that no human disseminato
implicated in 68 outbreaks involving gram-ne,
bacill:. Perhaps half the outbreaks of staphylo
infections 1n nurseries can be aceributed to crc
fection and about one-quarter to human dissemi
(see Chapter 19). Outbreaks of bacteremia d
gram-negative bactlli, particularly if they oc
intensive care units, are very likely to be du
common source (e.g., contaminated devices), w
outbreaks involving other types of infections
gram-negatuive bacilli (particularly urinary tra
fections) are most likely to be due to cross-inf
(e.g., 1inadequate care of urinary catheters) (see
ter 18). The types of outbreaks likely to invol
botne spread are varicella infections, Aspergsli
fections, and legionnaires’ pneumonia, partic
in immunosuppressed patients (see Chapter 37
pulmonary tuberculosis, particularly in hospit:
sonnel working 1n emergency rooms (see Chap

Multihosprtal Epidemics

An ssue of increasing concern is the involvem
multiple hospitals in an epidemic. This occurt
commonly by 1nterhospital spread and less com
through the nationwide distribution of produc
cause or predispose to infection. First, a pat
involved in an epidemic in one hospital may
troduced 1nto the patient population of anothe
prtal, generally by one of three modes of transm
(1) transfer of infected or colonized patients, |
ularly those with burns or decubitus ulcers [
41,44,531, (2) transfer of colonized or ir
medical house staff [45,51}, and (3) transies
onmization of hands of nurses and technicians w
ternate working ac different hospicals {421. Sit
transfer of house staff and seriously ill patients
primanly among large, university-affiliated, ¢
referral hospirals, interhospital spread appears
cur most frequently in these and less commonly
smaller communicy hospitals {19]; however, 1
creasing trend of nurses and technicians roward
ing 1n cooperatives serving several hospitals
courage more tnterhospital spread.
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TABLE 24-3. Likely modes of transmussion of the most common types of nosocomual infection epidemics

CDC
nvestigacions’
Mode of Site or type Service ot —_—
transmission of infection Pathogen patient group Number®
Common source Gastroenteritis Salmonelia Adules 11/13
Hepatits Hepauus A virus Any 3/3
Urinary tract or bacteremia Pseudomonas cepacia Any 4/4
Pulmonary Pseudomonas aeruginosa Any 4/5
Bacteremia Gram-negative Any 10/13
bacilli
Human disseminator Bacteremia Any ICU 6/7¢
Surgical wound Group-A streptococci Any 5/6
Surgical wound Staphylococcus aureus Surgery 3/8
Cutaneous S. aureus Nursery 5/24
Hepauus Hepatuus B virus Any 3/12
Cross-infection Gastroenteritis Salmonella or Nursery 16/17
enteropachic
Escherichia coli
Cutaneous S. aureus Nursery 12/24
Urinary teact Gram-negative Any 10/14
bacills
Heparties Hepatius B virus Any 8/12
Atrbotne Varicella V-Z vitus Any —
Pulmonary Aspergilius Any —
Pulmonary Mycobacterium Any —
tuberculosts
Pulmonary Legronella Any —
V-Z = varicella-zoster, ICU = intensive care unic.
*From Stamm, W. E., et al. ] Infer Du. 136(Suppl )S151, 1977
®Of the 13 outbreaks of gastroentericis due 1o Safmonetla among adults, 11 were transmicted by the common-source mode.

‘From Wenzel, R. P., et al. IC lnfar Comirol 4-371, 1983

Intechospital transmission of outbreaks has been
observed primarily 1n epidemscs involving pathogens
with important antimicrobial resistance patterns, such
as mulciply resistant Serratia {42}, aminoglycoside-
resistant gram-negattve bacills {53}, and methicillin-
resistant 5. aureus [19] (see Chapter 12). This asso-
ciation could be due to the genetic colinkage of anti-
microbial resistance with factors that facilitate spread.
For example, strains of diverse genera that are prev-
alenc 1n nosocomial infections have been shown to
share the genetic information that confers resistance
to important antimicrobial agents {43}. Simlarly,
the diversity of phage types involved in epidemiol-
ogically clear outbreaks of methicillin-resistant S.
aureus infections suggests the spread of geneuc in-
formation among different scrains that have strong
predisposttions to infect hospital patients. Alterna-
uvely, the association could be due merely to the tact
chat resistance provides a dramatic marker that 1n-
creases the likelthood that an epidemic will be rec-
ognuzed. If so, as infection control personnel 1n hos-

pitals develop more sensitive means for recogn:
outbreaks and more effectively share surveillance
with their counrterparts 1n other local hosprrals (
through area-wide surveillance systems supporte
local health departments), interhospital transmi
of infection will probably be recognized more
monly.

In the second type of multiple-hospital inv
ment, a widely distributed product used in pa
care may cause infections in many hospitals si
taneously, due to either intrinsic contaminaric
the product in the factory {34} or design flav
common usage errors that encourage in-use con
inacion in the hospirals [5,8) (see Chapters 3¢
38). After a series of nationwide epidemics di
intrinsically contaminated products in the early 1!
it appeared that intrinsic product contamination v
become a common problem {34). Subsequent (
rience has shown, however, thac in-use contamin
ts a far more common explanation for infectior
lated to newly introduced products and devices
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Pseudoeprdemics
Nor all clusters of reported nosocomial infections con-
stcute true eprdemucs of disease. In the prospective
study of outbreaks in the CDC's CHIP project, about
80 percent of the clusters of infection 1dentified sta-
tistically by a computerized threshold program were
judged ro be coincidental, illustrating the need for
eptdemiologic evaluation of surveillance data to de-
tect outbreaks [25]. More important, of those clusters
thac appeared to represent real outbreaks epidemiol-
ogically, approximately one-third (37 percent) were
found not to be true outbreaks after thorough inves-
tigations. Most of these pseudoepidemics were traced
to systematic errors or changes (n chintcal diagnosis
of infections or 1n reportng of infections by the
infection surveillance staff; systemartic errors in the
microbiology laboratory explained fewer than one-
quarter of them. In the series of eptdemic investi-
gations performed by the CDC, pseudoepirdemics
accounted for only 11 percent of the presumed out-
breaks for which hospitals requested epidemiologic
assistance, and about one-half of chese were attributed
to processing errors tn the microbiology laboratories
{48,521

The difference in results between these two studies
is probably due to the more extensive invesuigation
usually done by hospital personnel to rule ourt arti-
factual problems before the CDC epidemiologists un-
dertake a formal investigation. Consequently in the
routine practice of infection control in most hospitals,
the majority of pseudoepidemics may be due to di-
agnostic and reporting errors as reflected by the CHIP
investigation, although truly perplexing pseudoep:-
demics may more often be traced to contaminated
equipment or errors tn the microbiology laboratory,
as reflected in the CDC investugatons (see Chap-
ter 5).

ADVERSE CONSEQUENCES OF
NOSOCOMIAL INFECTIONS

[n reading the scientific literature on the subject of
nosocormial infections, one 1s struck by the dispro-
portionately large number of articles on the adverse
consequences—prolongation of hospital stay, extra
hospital costs or charges, and deaths—of these in-
tections. The importance of these studies stems from
two factors: first, n contrast to most other hospital
services, hospitals have not traditionally been able to
charge parients or their insurance carriers directly for
the costs of their infection surverllance and control
programs; and second, 1t has been difficult to dem-
onstrate how many nosocomual nfections these pro-
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grams prevent. Consequently it has been necessary,
or at least very helpful, in many hospitals to dem-
onstrate how costly the infections are for the patients
to justify the expenditures of mounting and sustain-
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, cheir charges to patients are usually used as a
substitute for their actual costs. However, hospitals
commonly rediscribute charges among different cost
centers to recover costs not fully reimbursed by public
and private reimbursement agencies, so charges to
the patient may not accurately represent the hospteal's
costs of treatment {12]. In addition, estimates ex-
pressed in dollars must be constantly adjusted for
inflation to be meaningful in the current context.

The studies on this subject have used one of three
methods to estimare the prolongation of hospital stay,
extra charges, and number of deaths attriburable to
nosocomial infections: concurrent assessments of in-
fecred patients, unmatched comparisons of infected
and uninfected patients, and matched comparisons
{24]. Each approach has 1ts own strengths and weak-
nesses, which may lead to a biased estimate.

The concurrent assessment method relies on a phy-
sican to visit each infected patient frequently enough
to enurnerate all excra days and extra services that
were performed to treat the infection but would not
have occurred if the infection had not supervened.
By applying the routine per diem toom charge to
each extra day and the actual charge for each ancillary
service from the patient’s hospital bill, the physician
can estimate directly the toral extra charges attrib-
utable to the nosocomial infection. The advantage of
this method is that the identifiable charges are di-
rectly 1itemized; the disadvantage 1s that, by relying
on the physician’'s clinical judgment to determine
what days and services are actributable, the results
may be biased in either direction depending on how
conservative the judgments are. For example, for some
days or services the circumstances are too ambiguous
to make a clear determination; if the ambiguous cit-
cumstances are always considered nonattributable to
infection, the final results will be underestimates.

In the unmatched comparison approach, the av-
erage extra stay (or charge) is estimated after the
completion of a study by subtracting the average total
length of stay (or total hospital charges) of uninfected
patients from that of infected patients. This method
always substantially overestumares the attributable extra
stay (and charges) because of a strong selection bias:
patients who contract nosocomial infections tend
strongly to have been more sertously ill ac che be-
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ginnung of hospitalization (and thus more strongly
predisposed to long hospital stays, higher charges,
and deach) than those who are likely to be discharged
without an infectious complication.

The matched comparison approach s similar to the
comparson approach except that for each infected
patient the investugator selects one or more uninfected
patients who are similar to their match on several
selected charactenistics. The advantage of this ap-
proach, like the unmatched comparison, s that it
avords use of clinical judgment to decide what s
attributable to infection. The disadvantage s that it
is extremely difficult to match uninfected patients
with infected patients 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 attribucable to infection.

One fundamental reason that the matched com-
parison studies performed to date have failed to con-
trol for the large disparity in degree of underlying
illness 1s thae they bave generally matched infected
and uninfected pavients on the wrong characteristics.
These studies have used as matching criteria such
predictors of infection risk as age, sex, service, first
diagnos:s, and first surgical procedure. To control for
the underlying predisposition to an extended hospital
stay, the matching characteristics should include the
major factors that determine prolonged hospital stay
(or death), which are not necessarily the same as those
that predispose to nosocomial infection. For example,
1t was pointed out in one of the earliest concurrent
assessment studies that some of che main factors that
increase length of stay apart from nosocomial infec-
uon include severe underlying tlness, development
of unexpected complications such as venous throm-
bosis or pulmonary embolism, and social factors that
delay discharge {6}; these appear frequently to be
colinked with the severity-of-illness factors that also
predispose to nosocomial infections. For matching
comparisons to be useful, it must be shown that the
matching characteristics are sufficiently complete pre-
dictors of prolonged hospital stay, high total hospital
costs, or the probability of death to control com-
pletely for the bias caused by the greater complexity
of the infected patients’ 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-
sessrnent method have ranged from 1.5 to 11 days;
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by the matched comparison approach, from 7 to 1#
days; and by the unmatched comparison approach
from 5 to 26 days.

Nationwide estimates of the number of deachs at.
tributable to nosocomial infections have varied ever
more widely. By combining data from the SENIC
project {17} and from a concurrent assessment of mor
tality performed 1o NNIS {30}, 19,000 deaths na
tionwide per year were estimated to be directly ac
tributable to nosocomial infections, and in 58,00(
more deaths nosocomial infections contributed bu
were not the only cause (Table 24-4). At the othe
extreme, a recent study using multivariate logisti
regression techniques, with the same drawbacks a
the matched comparison approach, estimared 300,00(
deaths per year nationwide attributable to nosocomnia
urmnary tract wnfections alone {37]. Regardless of whict
estimates are used, however, the large number o
deaths from nosocomial infections is a cause for con
cern. Counting only the 19,000 deaths directly causex
by nosocomial infections—the lowest estimate de
rived from NNIS and SENIC—would place it jus
below the tenth leading cause of death in the U.S
population; whereas, if one also counts the 58,00(
deaths co which nosocomial infections contribute bu
are not the only cause, it would rank as che fourt]
leading cause of death, just behind heart disease
cancer, and stroke. These figures indicate the nee
for an accurate counting of nosocornial infections i
our national systems for vital and health statistic
{171.

Until the serious methodologic problems are sotved
it seems prudent to use the more conservative esti
mates derived from concurrent assessments even thougl
they may underestimate the magnitude of the prob
lem. Table 24-4 lists the estimates of extra days am
costs derived from concurrent assessmencs in the SENK
ptlot scudies {23] and estimates of deaths deriver
from the NNIS {30} and SENIC {17]. In view of th
new strategies of prospective reimbusrsement for hos
pital care and the evidence for the efficacy of infectior
surveillance and control programs, it is likely tha
the direct cost reductions produced by infection con
trol will be sufficiently obvious even if derived fron
the most conservative estimates.

Preventability

That large numbers of endemic as well as epidemi
nosocomnal infections are preventable has periodicall
been reaffirmed by milestone reports such as thar ¢
Semmelwers, studies on the effects of proper care ¢
urinary catheters and respirators, and the virtw
elimination of epidemic bacteremia caused by intrin
sic contamination of commercial intravenous solu
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tions. Yet when a representative sample of infection
control program heads were asked to estumare the
percentage of nosocomial infections presently occur-
ring tn U.S. hospitals that are preventable, the re-
sponses varied from 1 percent to 100 percent, with
a mean of approximately 50 percent, the program
heads who had served in their positions longer and
who were more knowledgeable about infection con-
trol tended to give lower estumates {15]. There are
at least two reasons for this lack of agreement among
those working most closely with the problem. First,
it 1s diafficule to demonstrate that infeccions have been
prevented or to infer whether active infections were
preventable {36]. Second, because new risk factors
for infection are constantly appearing, necessary con-
trol measures are continually evolving, and ability to
manage the parient-care behavior of hospital person-
nel is changing, the true percentage of infections that
are preventable probably changes from ume ro time.

Consequently the only meaningful way of framing
the preventability question 1s to ask what percentage
of nosocomal infections can be prevented by main-
caining an intensive infectron surverllance and concrol
program that continually adjusts to the new risks and
attempts to manage patient-care behavior. Since this
was precisely the question framed 1n the SENIC Project,
there 1s an approximate answer. Among U.S. hos-
pitals in the 1970s, approximately one-third of all
nosocomtal infections were preventable by maintain-
ing infection surveillance and control programs with
particular charactenistics {18} (see Chapter 3). The
fact that the approaches found to be effective were
general preventive strategtes aimed ar managing in-
fection control (i.e., surveillance and control pro-
grams), rather chaa ndividual preventive practices
(e.g., catheter care), suggests that the SENIC est-
mate of preventability will remain reasonably accurace
for the foreseeable future.
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Infectious and Parasitic Diseases
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Most of the health problems identified in Closing the
Gap relate directly or indirectly ‘o 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 1-113.
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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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 svstems 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-



oped vaccine. Some estimates represent solely the
cautious guesses of experts.

The data provided in the CDC survey were then
used to derive additional parameters by which pre-
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:itcequently to appropriate, mutu-
ally exclusive eticiogic groups and to one or more of
13 additional infecticn categories that were not nec-
essarily mutuallv exclusive (Table 3). In some in-
stances, such as ‘he 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 acguisition 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.

SCOPE OF THE PROBLEM

The consultants’ data indicate that more than 740
million infectious disease events and nearly 200,000
attributable deaths occur annually in the United
States (Table 4). Included in the total 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.

We estimate that each year infectious diseases re-
sult in more than 2 million years of life lost before

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 hdspital 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 PREVENTION GAPS

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

‘ Case/fatality
Disease Current ratio (%)’ Effectiveness® Deaths
o or agent incidence* Now Future Now Future  now
Bacterial
Chlamydia neonatal 50,000 0.0001 0.0001 0 35 0
Psittacosis 700 1.0 0.5 40 50 7
Trachoma 100 0.0 0.0 50 50 0
Mycoplasma pneumonia 1,000,000 0.01 0.01 0 1 100
Anthrax 1 5.0 5.0 9 99 0
@ Bacillus cereus 5,000 0.0 0.0 80 84 0
Botulism incl. infants 200 4.0 2.0 99 99.3 8
Brucellosis 400 0.5 0.5 97 99 2
Campylobacteriosis 2,100,000 0.1 0.02 75 95 2,100
Chancroid \ 4,000 0.0005 0.0001 50 80 0
Chlamydia trach. gen. inf. 2,200,000 0.05 0.02 5 50 1,100
Cholera 25 1.0 0.0 95 98 3
® Clost. perfringens 10,000 1.0 0.0 80 85 100
Dial. pyrogen, py. reac., sep. 5,000 0.1 0.08 10 15 5
Diphtheria 10 10.0 3.0 >99.9 >99.9 1
E. coli—enteric. 200,000 0.2 0.1 90 98 400
End. bact.-aer. and anaer. 10,000 0.05 0.05 10 10 5
Gardnerella vaginale inf. 6,000,000 0.0 0.0 1 10 0
Gonococcal infection 2,000,000 0.05 0.02 40 65 1,000
® H. influ. incl. menin. 20,000 5.0 5.0 3 75 1,000
Legionellosis 75,000 15.0 15.0 3 12 11,250
Leprosy 400 1.5 1.0 4 4 6
Leptospirosis 1,100 3.0 1.0 55 60 33
Listeriosis 220 12.5 12.5 1 35 28
Meningococcal inv. 6,000 10.0 10.0 4 50 600
Misc. unclass. 1,000 0.05 0.05 0 1 1
Miscellaneous enteric 200,000 1.0 0.5 50 80 2,000
@ Miscellaneous zoonotic 2,000 1.0 0.5 5 10 20
Mycobacteria nontb. 10,000 0.5 0.4 1 2 50
Mycoplasma hom. genital 100,000 0.002 0.001 1 25 2
Mycoplasma/ureaplasma, 250,000 0.001 0.001 1 7.5 3
Pasteurella multocida 14,000 0.25 0.2 20 25 35
Pertussis 34,000 0.2 0.2 80 85 68
Plague 50 15.0 10.0 50 75 8
@ Pneumococcal invasive . 400,000 8.0 6.0 4 55 32,000
Relapsing FVR.-tick/louse 264 0.5 0.5 5 5 1
Rickettsioses 2,000 5.6 5.0 5 10 112
S. aureus-TSS 4,500 3.0 1.5 75 90 135
S. aureus excl. TSS 8,900,000 0.08 0.05 3 5 7,120
Salmonellosis, nontyphi. 2,000,000 0.1 0.05 80 95 2,000
Shigella 300,000 0.2 0.2 55 75 600
® Strep. Group A 10,000,000 0.03 0.02 1 1.5 3,000
Strep. Group B neonatal 7,000 20.0 15.0 5 25 1,400
Syphilis 70,000 0.08 0.01 75 85 56
Tetanus 150 30.0 30.0 98 99 45
Tuberculosis 27,000 5.0 4.0 40 40 1,350
Tularemia 402 1.0 0.8 15 17 4
Typhoid 600 6.0 5.5 95 99 36
® Vibrio inf. excl. cholera 10,000 4.0 2.0 80 95 400
Yersiniosis excl. plague 5,000 0.05 0.04 0.5 2 3
Fungal
Actinomyecotic diseases 1,400 5.0 4.0 10 10 70
Aspergillosis 2,300 7.0 4.0 5 5 161
Blastomycosis 100 7.0 4.0 5 5 7
Candidiasis 4,000 10.0 2.0 5 5 400
Chromoblastomycosis 50 0.0 0.0 5 5 0
® Coccidioidomycosis 8,000 4.0 2.0 10 10 320
. Cryptococcosis 1,000  10.0 10.0 4 4 100
Dermatophytoses 18,000,000 0.0 0.0 1 1 0
Histoplasmosis 10,000 1.0 1.0 5 7 100
Mycetomas 25 0.0 0.0 0 0 0
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Preventable

Without prevention With prevention annually? Future incidence*
Cases Deaths Cases Deaths Cases Deaths Cases Deaths
Bacterial
Chla. neon. 50,000 0 0 0 17,500 0 32,500 0
Psittacosis 1,167 12 467 45 583 9 584 3
Trachoma 200 0 100 0 100 0 100 0
Mycopl. pneu. 1,000,000 100 0 0 10,000 1 990,000 99
Anthrax 100 5 99 5 99 5 1 0
B. cereus 25,000 0 20,000 0 21,000 0 4,000 0
Bot. in infant 20,000 800 19,800 792 19,860 797 140 3
Brucellosis 13,333 67 12,933 65 13,200 66 133 1
Campylobact. 8,400,000 8,400 6,300,000 6,300 7,980,000 8,316 420,000 84
Chancroid 8,000 0 4,000 0 6,400 0 1,600 0
Chla. tra. gen. 2,315,789 1,158 115,789 58 1,157,894 926 1,157,895 232
Cholera 500 5 475 2 490 5 10 0
C. perfring. 50,000 500 40,000 400 42,500 500 7,500 0
Dial. pyro.-sep. 5,556 6 556 1 833 2 4,723 4
Diphtheria 15,000 1,500 14,990 1,499 14,990 1,500 10 0
E. coli.-ent. 2,000,000 4,000 1,800,000 3,600 1,960,000 3,960 40,000 40
End. bac.- Ae&An 11,111 6 1,111 1 1,111 1 10,000 5
Gardner. vag. 6,060,606 0 60,606 0 606,060 0 5,454,546 0
Gonococcus 3,333,333 1,667 1,333,333 667 2,166,666 1,434 1,166,667 233
H. inf. in men 20,619 1,031 619 31 15,464 773 5,155 258
Legionellosis 77,320 11,598 2,320 348 9,278 1,392 68,042 10,206
Leprosy 417 6 17 0 16 2 401 4
Leptospirosis 2,444 73 1,344 40 1,467 63 977 10
Listeriosis 222 28 2 0 78 10 144 18
Meningo. inv. 6,250 625 250 25 3,125 312 3,125 313
Misc. unclass. 1,000 1 0 0 10 1 930 0
Misc. ent. 400,000 4,000 200,000 2,000 320,000 3,600 80,000 400
Misc. zoo. 2,105 21 105 1 211 12 1,894 9
Mycobac. nontb. 10,101 51 101 1 202 11 9,899 40
Mycop. hom. gen. 101,010 2 1,010 0 25,252 1 75,758 1
Mycop./ureapla. - 252,525 3 2,525 0 18,939 1 233,586 2
Pasteur. multoc. 17,500 44 3,500 9 4,375 18 13,125 26
Pertussis 170,000 340 136,000 272 144,500 289 25,500 51
Plague 100 15 50 7 75 12 25 3
Preumo. inv. 416,667 33,333 16,667 1,333 229,167 22,083 187,500 11,250
Relap. fever 278 1 14 0 14 0 264 1
Rickettsioses 2,105 118 105 6 210 23 1,895 95
S. aur.—TSS 18,000 540 13,500 405 16,200 513 1,800 27
S. aur. ex TSS 9,175,258 7,340 275,258 220 458,763 2,982 8,716,495 4,358
Salm.-nontyphi. 10,000,000 10,000 8,000,000 8,000 9,500,000 9,750 500,000 250
Shigellosis 666,667 1,333 366,667 733 500,000 1,000 166,667 333
Strep. gp. A 10,101,016 3,030 101,010 30 151,515 1,040 9,949,495 1,990
Strep. gp. B neo 7,638 1,528 638 128 1,974 678 5,664 850
Syphilis 280,000 224 210,000 168 238,000 220 42,000 4
Tetanus 7,500 2,250 7,350 2,205 7,425 2,227 75 23
Tuberculosis 45,000 2,250 18,000 900 18,000 1,170 27,000 1,080
Tularemia 473 5 71 1 80 2 393 3
Typhoid 12,000 720 11,400 684 11,880 713 120 7
Vibrio ex. chol. 50,000 2,000 40,000 1,600 47,500 1,950 2,500 50
Yersinio ex. pl. 5,025 3 25 0 100 1 4,925 2
Fungal

Actinomycosis 1,556 78 156 8 156 22 1,400 56
Aspergillosis 2,421 169 121 8 121 77 2,300 92
Blastomycosis 105 7 5 0 5 3 100 4
Candidiasis 4,211 421 211 21 211 4 4,000 80
Chromoblastomy. 53 0 3 0 3 0 50 0
Coccidioidomyc. 8,889 356 889 36 889 196 8,000 160
Cryptococcosis 1,042 104 42 4 42 4 1,000 100
Dermatophytos. 18,181,818 0 181,818 0 181,818 0 18,000,000 0
Histoplasmosis 10,526 105 526 5 737 7 9,789 98
Mycetomas 25 0 0 0 0 0 25 0
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Table 1. Continued

Case/fatality '
Disease Current ratio (%)* Effectiveness* Deaths
or agent incidence* Now Future Now Future  now
Paracoccidioidomycosis 2 0.0 0.0 0 3 0
Sporotrichosis 200 6.0 4.0 3 4 12
Zygomycosis 100 15.0 15.0 0 5 15
Nosocomial
Acute care 2,200,000 1.2 1.2 6 2 26,400
Chron. care 1,900,000 1.3 1.3 1 16 24,760
Parasitic
Amebiasis 12,000 0.3 0.01 50 50 36
Ascariasis 50,000 0.1 0.01 20 =0 50
Babesiosis 20 10.0 10.0 10 10 2
Cryptosporidiosis 50 50.0 50.0 20 50 25
Echinococcosis 200 1.5 0.75 50 60 3
Filariasis 300 0.001 0.001 0 0 0
Flukes 9,000 0.001 0.0001 0 0 0
Giardiasis 120,000 0.0001 0.0001 50 90 0
Hookworm 200 0.0001 0.0001 90 95 0
Leishmaniasis 35 0.1 0.1 0 0 0
Malaria 2,500 1.0 1.0 75 98 25
Meningoencephal., amoebic 4 99.99999  50.0 0 10 4
Pediculosis 9,000,000 0.0 0.0 10 10 0
Pneumocystis 600 20.0 1.0 90 90 120
Scabies 10,000,000 0.0 0.0 1 1 0
Schistosomiasis 1,000 0.001 0.0001 75 90 0
Strongyloidiasis 10,000 1.0 1.0 1 20 100
Taeniesis/cysticercosis 1,000 1.0 0.2 50 80 10
Toxocariasis VLM 10,000 0.0001 0.0001 1 80 0
Toxoplasma congenital 3,000 15.0 2.0 5 50 450
Toxoplasmosis excl. cong. 2,300,000 0.0001 0.0001 5 50 2
Trichinosis 100,000 1.0 0.001 10 90 1,000
Trichomoniasis 5,000,000 0.0 0.0 5 10 0
Trypanosomiasis, African 2 10. 5.0 0 0 0
Trypanosomiasis, Amer., 1 10.0 5.0 0 0 0
Viral
Adenovirus 10,000,000 0.01 0.01 10 15 1,000
CMYV congenital 1,900 15.0 10.0 30 60 285
Colorado tick fever 2,500 0.01 0.01 1 20 0
Coronavirus 18,080,000 0.0 0.0 0 o 0
Dengue ~classical 46 0.0 0.0 25 60 0
Encephalitides, N.A. 5,000 12.0 1.0 20 75 600
Enteroviral dis.-nonpolio 6,000,000 0.001 0.0001 50 80 60
Hepatitis A 48,000 0.3 0.3 40 50 144
Hepatitis B 128,000 3.0 3.0 15 80 3,840
Hepatitis non-A non-B 50,000 0.4 0.4 0 15 200
Herpes simplex (gen.) 400,000 0.00001 0.00001 5 30 0
HIV 80,000 10.0 10.0 20 50 8,000
HSV neonatal 1,000 50.0 20.0 30 80 500
Influenza 20,000,000 0.005 0.005 5 7.5 1,000
Lymphocytic choriormenin. 200 1.0 0.01 10 10 2
Measles 2,500 0.01 0.01 >99.9 >99.9 0
Mumps 10,000 0.004 0.004 99.6 99.9 0
Norwalk/other 27 nmpar. 6,000,000 0.0001 0.0001 30 50 6
Papilloma virus 3,000,000 0.001 0.001 0 0 30
Poliomyelitis 7 10.0 10.0 99.9 99.9 1
Rabies 10 99.0 99.0 99 99 10
Rhinovirus 125,000,000 0.00001 0.00001 10 10 13
Rotavirus 8,000,000 0.01 0.01 0 50 800
Rubella congenital 70 50.0 50.0 99 100 35
Rubella excl. congenital 20,000 0.0001 0.0001 98.6 99.9 0
Varicella 3,500,000 0.003 0.0002 0 2 105
Virus, respiratory sync. 7,000,000 0.005 0.005 0 30 350
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With current Preventable
‘ Without prevention prevention annually? Future incidence*
® Cases Deaths Cases Deaths Cases Deaths Cases Deaths
Paracoccidioid. 2 0 0 0 0 0 2 0
Sporotrichosis 206 12 6 0 8 4 198 8
Zygomycosis 100 15 0 0 5 1 95 14
Nosocomial

Acute care 2,340,426 28,085 140,426 1,685 748,936 8,987 1,591,490 19,098
Chron. care 1,919,192 24,950 19,192 250 307,070 3,992 1,612,122 20,958

o Parasitic
Amebiasis 24,000 72 12,000 36 12,000 71 12,000 1
Ascariasis 62,500 63 12,500 13 31,250 60 31,250 3
Babesiosis 22 2 2 0 2 0 20 2
Cryptosporidio. 63 32 13 7 31 16 32 16
Echinococcosis 400 6 200 3 240 5 160 1
Filariasis 300 0 0 0 0 0 300 0
® Flukes 9,000 0 0 0 0 0 9,000 0
Giardiasis 240,000 0 120,000 0 216,000 0 24,000 0
Hookworm 2,000 0 1,800 0 1,900 0 100 0
Leishmaniasis 35 0 0 0 0 0 35 0
Malaria 10,000 100 7,500 75 9,800 98 200 2
Meningoenc.-amo. 4 4 0 0 0 2 4 2
Pediculosis 10,000,000 0 1,000,000 0 1,000,000 0 9,000,000 0
Pneumocystis 6,000 1,200 5,400 1,080 5,400 1,194 600 6
® Scabies 10,101,010 0 101,010 0 101,010 0 10,000,000 0
Schistosomiasis 4,000 0 3,000 0 3,600 0 400 0
Strongyloidiasis 10,101 101 101 1 2,020 20 8,081 81
Taeniasis/cys. 2,000 20 1,000 10 1,600 19 400 1
Toxocara vim. 10,101 0 101 0 8,081 ‘0 2,020 0
Toxoplas. cong. 3,158 474 158 24 1,579 442 1,579 32
Toxopla. ex. con. 2,421,053 2 121,053 0 1,210,526 1 1,210,527 1
o Trichinosis 111,111 1,111 11,111 111 100,000 1,111 11,111 0
Trichomoniasis 5,263,157 0 263,157 0 526,316 0 4,736,841 0
Trypanosom.- Af 2 0 0 0 0 0 2 0
Trypanosom.~ Am 1 0 0 0 0 0 1 0

Viral

Adenovirus 11,111,111 1,111 1,111,111 111 1,666,667 167 9,444,444 944
CMV congenital 2,714 407 814 122 1,629 298 1,085 109
o Colorado tk. fv. 2,525 0 25 0 505 0 2,020 0
Coronavirus 18,080,000 0 0 0 0 0 18,080,000 0
Dengue -classic 61 0 15 0 37 0 24 0
Encephaliti.-NA 6,250 750 1,250 150 4,688 734 1,562 16
Enterov. non-po. 12,000,000 120 6,000,000 60 9,600,000 118 2,400,000 2
Hepatitis A 80,000 240 32,000 96 40,000 120 40,000 120
Hepatitis B 150,588 4,518 22,588 678 120,471 3,614 30,117 904
o Hepa. non-A non-B 50,000 200 0 0 7,500 30 42,500 170
Herpes sim.-gen. 421,053 0 21,053 0 126,316 0 294,737 0
HIV 100,000 10,000 20,000 2,000 50,000 5,000 50,000 5,000
HSV neonatal 1,429 714 429 214 1,142 657 287 57
Influenza 21,052,632 1,053 1,052,632 53 1,578,947 79 19,473,685 974
Lymph. choriom. 222 2 22 0 22 2 200 0
Measles 3,500,000 350 3,497,500 350 3,497,500 350 2,500 0
Mumps 2,500,000 100 2,490,000 100 2,497,500 100 2,500 0
o Nor./oth. 27 nmp. 8,571,429 9 2,571,429 3 4,285,714 5 4,285,715 4
Papillomavirus 3,000,000 30 0 0 0 0 3,000,000 30
Poliomyelitis 7,000 700 6,993 699 6,993 699 7 1
Rabies 1,000 990 990 980 990 980 10 10
Rhinovirus 138,888,889 14 13,888,889 1 13,888,889 2 125,000,000 12
Rotavirus 8,000,000 800 0 0 4,000,000 400 4,000,000 400
Rubella congen. 7,000 3,500 6,930 3,465 7,000 3,500 0 0
L) Rubella ex. con. 1,428,571 1 1,408,571 1 1,427,142 1 1,429 0
Varicella 3,500,000 105 0 0 70,000 98 3,430,000 7
. Virus-resp. syn. 7,000,000 350 0 0 2,100,000 105 4,900,000 245

Data from CDC surve 4 Assuming future effectiveness and case-fatality ratios.
< Estimated true annualynumber of clinically sigruficant infections. ¢ Unprevented morbidity and mortality.
b Attributable to the infection.
¢ Total effectiveness, in percent, of all public and pnivate interven-
o tions in preventing cases.
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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
1), 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
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

= (current cases) (current case-
fatality ratic™®)

= (current cases) +~ (1 — current
effectiveness®)

= (cases in absence of
prevention) {current case-fatality-

Deaths now

Cases in absence of
prevention

Deaths in absence
of prevention

ratio®)
Cases prevented = (cases in absence of
now prevention) (current effectiveness®)

Deaths prevented = (deaths in absence of
now prevention) — (deaths now)

= (cases in absence of

Cases prevented in
prevention) (future effectiveness®)

the future

= (cases in absence of
prevention) — (cases prevented
in the future)

= (future annual cases) (future

Future annual cases

Future annual

deaths case-fatality-ratio®)
Deaths prevented in = (deaths in absence of
the future prevention) — (future annual

deaths)

e Exrressed as a decimal.
ics: data provided by CDC survey.
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preventable infections (25,300), lower respiratory
(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 (3.1-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,



screening, contact tracing, control of environmental
sources and vehicles (food, water, air, medical de-
vices), control of insect and animal reservoirs and
vectors, isolation precautions and quarantine, and
behavior modification. These 12 strategies interact
synergistically with each other.

Rapid and accurate identification, both of indi-

vidual cases and of clusters of disease, is important
in preventing new cases as well as in initiating early
and appropriate treatment of those who are already
ill. The potential for the rapid identification of spe-
cific infectious diseases has been greatly enhanced
in recent years by developments in the microbi-
ology laboratory and by the revolution in data pro-

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

Pneu-
monia
and

lower
respi-
ratory

Upper
respi-
ratory

Zoo- Cuta-

notic

Pen-
natal

Disease or
agent

neous borne

Food- Water-

borne

Vector-
borne

Menin-
STD gits

Day
care

Vacane

Entenc preventable

Bacterial
Chlamydia neonatal 100 100
Psittacosis 100 100
Trachoma 100
Mycoplasma pneumonia 100
Anthrax 100
Baallus cereus
Botulism incl infants
Brucellosis 100
Campylobactenosis 100
Chancroid
Chlamyda trach. gen. inf.
Cholera
Clost. perfringens
Dual. pyrogen, py reac, sep.
Diphthena 100
E. coli-entenc.
End. bact.-aer. and anaer. 30
Gardnerella vaginale inf.
Gonococcal infection
H. influ. incl. merun. 12
Legionellosis 98
Leprosy 100
Leptospirosis 100
Listenosis 100
Meningococcal inv.
Misc. unclass. 1
Miscellaneous enteric
Miscellaneous zoonotic 100
Mycobactena nontb. 20
Mycoplasma hom. genital
Mycoplasma/ureaplasma
Pasteurella multoada 100
Pertussis 100
Plague 20 100
Pneumococcal invasive 95
Relapsing FVR -tck/louse 100
Rickettsioses .
S. aureus-TSS
S. aureus excl. TSS 1 75
Salmonellosis, nontyphi 100
Shigella
Strep Group A 1 75 25
Strep. Group B neonatal 20 100
Syphils
Tetanus
Tuberculosis 85
Tularemua 100
Typhoid
Vibno inf excl. cholera
Yersiniosis excl. plague 100

Fungal
Actinomycotic diseases
Aspergillosis 100
Blastomycosis 95
Candidiasis
Chromoblastomycosis 100

100
100 100

100 100 15
100
100
100 100
100 100

100
100

wr

95 100

100
100

0.5 100

o
w

100
100
100

100 3
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100
100
0.6
100
100 10
100 10
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Table 3. Continued

Pneu-

mona

and

lower  Upper
Drsease or resp-  respi- Pen- Zoo- Cuta- Food- Water- Menin-  Vector- Day Vaccine
agent ratory ratory natal notc neous bome Enteric bome STD ghs borne care  preventable

Cocadioidomycosis 100

Cryptococcosis 60
Dermatophytoses 100

Histoplasmosis 100

Mycetomas 100

Paracocadioidomycosis 100

Sporotrichosis 100

Zygomycosts \ 100

w

Nosocorual
Acute care 15 6
Chron care 11 16 8

Parasitic
Amebiasis 100
Ascanasts 100
Babesiosis 100
Cryptospondiosts 100
Echinococcosts 100
Filanasis 100
Flukes 100
Grardiasts 100 60 15
Hookworm 100
Leishmaniasis 90 100
Malana 100 100
Menngoencephal , amoebic 100
Pediculosis 100 05
Pneumocystis 100
Scabies 100 0.5
Schistosomiasts
Strongyloidiasis 100
Taeruesis/cysticercosis 100
Toxocanasis VLM 100
Toxoplasma congerutal 100
Toxoplasmosis excl cong 100
Tnchinosis 100 100
Tnchomoniasis 100
Trypanosomiasis, Afncan 100
Trypanosormuasis, Amer. 100

Viral
Adenovirus 100 2 100
CMV congenital 100
Colorado tick fever 100
Coronavirus 100 1
Dengue-classical 100
Encephahtdes, N.A. 100
Enteroviral dis —nonpolio 100 2
Hepatitis A 10 100 15
Hepatitis B 1 100
Hepatitis non-A non-B
Herpes simplex (gen.) 100 100
HIV 1 75
HSV neonatal 100
Influenza 100 1 100
Lymphocytic chonormenin 100 95
Measles 100 100
Mumps 100 100
Norwalk/other 27 nmpar. 100 0.5
Papilloma virus 100
Poliomyelitis 100 100
Rabies 100 100
Rhinovirus 100
Rotavirus 100 10 100
Rubella congenutal 100 100
Rubella excl. congenital 100 100
Vancella 100
Virus, resprratory sync 100

w o
w

N

wm
u

w

110 Closing the Gap



o

Table 4. The annual negative impact of infections,

ad Clatac. Anevoee 10aeata? Jata
UllllCu aL4AlDd, Cuu:uuauta uaf.a

Cases 742,248,261
Deaths 194,704
Years lost before the age of 65 2,192,370
Hospital days 42,029,624

Disability days? 1,901,847,705
Cost* $17,191,400,000

Days lost from work, school, preschool, or housekeeping.
Excludes costs of death, sequelae of infections, home care, and
reactions to treatment.

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

Table 5. Current annual impacts by mfechon

category, United States: CDC survey data

Infection group Deaths® Incidence?

Bacterial 68,200 36,026,000
Cutaneous 11,800 53,534,000
Day-care-related 2,600 3,713,000
Enteric 10,800 25,227,000
Food-borne 9,100 6,496,000
Fungi 1,200 18,027,000
Meningitis 3,500 229,000
Nosocomial 51,100 4,100,000
Parasitic 1,800 26,620,000
Perinatal 2,800 65,000
Pneumonia and lower respiratory 52,000 29,321,000
Sexually transmitted 8,200 16,234,000
Upper respiratory 3,300 160,590,000
Vaccine-preventable 40,400 38,623,000
Vector-borne 800 13,000
Viral 17,000 207,329,000
Water-borne 900 940,000
Zoonotic 5,300 6,536,000

4 Rounded to the nearest 100.
& Rounded to the nearest 1,000.

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

35 40 45 S0

5 10 15 20 25 30
VIRAL
ENTERIC M T
BACTERIAL NS
ZOONOTIC BN

FOOD~—BORNE

UPPER
RESPIRATORY.
pazvmnm.e

curmeous_ B
SN
TRANSMITTED

LOWER ]

Rcspumrowqm

WATER - BORNE

¥
PAnAsmc;Zﬁ
N

2 [

DAY ~CARE—
CENTER RELATED.1

NOSOCOMIALE

\

CURRENT CASES PREVENTED

POTENTIAL INCREMENT IN
CASES PREVENTED

Figure 1. The prevention 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.

Infectious and Parasitic Diseases 111



DEATHS IN THOUSANDS

o] 5 10 15 20
ri 1

1 1

25 30 35 40
1 1 f 1

50 55 60 65 70
1

1 1 1 4

BACTERIAL
PREVENTABLE L LMY
ENTERIC MW

FOOD~BORNE MW
RESPIRATORY /. AU

wovome] NN

vosocomiat | MR

TRANSWITHED | N

PERINATAL | N \

WATER-BORNE | N
IN\Y

CUTANEOUS ]

D

DAY —CARE — ]
CENTER RELATED.J

MENINGITIS
FUNGI

initiated, and, when necessary, chemoprophylaxis
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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-
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Figure 4. Annual mortality from infections, United
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mately make routine immunization of the entire
population with a variety of vaccines (e.g., hepatitis
B, meningococcal vaccine) economically feasible.
Improved vaccines might also play major roles in
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, immunization, 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.

The control of insects and animals involved in
arthropod-borne and zoonotic infections continues
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
$17 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 $3.1 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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and more than twice as many deaths as can be pre-
vented now. Indeed, it is conceivable that we will
be able during the next decade to match the entire
accumulated progress to date in preventing mor-
bidity and mortality from infections. Unfortunately,
the presently expanding mortality from HIV infec-
tion will lessen the net effects of these remarkable
advances in prevention.
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