
587587587587587Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 93(5): 587-588,  Sep./Oct. 1998

Vancomycin-resistant Enterococci in Intensive
Care Hospital Settings
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Vancomycin-resistant enterococci (VRE) have recently emerged as a nosocomial pathogen and present
an increasing threat to the treatment of severely ill patients in intensive-care hospital settings. We out-
line results of a study of the epidemiology of VRE transmission in ICUs and define a reproductive
number R0; the number of secondary colonization cases induced by a single VRE-colonized patient in a
VRE-free ICU, for VRE transmission. For VRE to become endemic requires R0 >1. We estimate that in
the absence of infection control measures R0 lies in the range 3-4 in defined ICU settings. Once infection
control measures are included R0=0.6, suggesting that admission of VRE-colonized patients can stabi-
lize endemic VRE.
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Increasing antibiotic resistance in common bac-
terial pathogens presents a growing threat world-
wide. The emergence of vancomycin-resistant en-
terococci (VRE) as a nosocomial pathogen is a strik-
ing example of this new danger to vulnerable pa-
tients. In both the United States and the United
Kingdon, the frequency with which isolates have
been recovered has increased dramatically during
the past seven years (CDC 1995, PHLS 1996). For
patients infected with VRE treatment options are
often limited and control of outbreaks relies heavily
on conventional infection control procedures
(Husani & Raad 1997).

Molecular epidemiological studies of early en-
demic infections suggested that single clones were
primarily responsible (Boyce et al. 1995). More
recently, many outbreaks appear to involve more
than one clone, indicating reintroduction (Morris
et al. 1995, Slaughter et al. 1996, Bonten et al.
1996). Since enterococci form part of our natural
flora, it was believed that new hospital outbreaks
were a result of endogenous sources. However re-
cent studies have revealed that transmission of VRE
via the hands of transiently colonized heath-care
workers (HCWs) is a very important determinant
of spread and persistence (Bonten et al. 1996).

In a previous study conducted at the Cook
County Hospital (CCH) Chicago, IL, that measured
the relative efficacies of various barrier infection
control precautions (Slaughter et al. 1996) rectal
cultures were taken daily and environmental cul-
tures monthly (Slaughter et al. 1996). Using pulsed-
field gel electrophoresis, a total of 19 strain types
of VRE were identified. In a follow-up study it
was subsequently confirmed that patients rather
than the environment provide the major reservoir
of VRE (Bonten et al. 1996).

The transmission dynamics of VRE in an ICU
setting can be represented by a set of coupled dif-
ferential equations with framework summarized by
Fig. If we view patients as definitive hosts and
HCWs as vectors for transmission, then the struc-
ture of the model reduces to that of the Ross-
Macdonald equations for malaria transmission
(Anderson & May 1991). A central concept in in-
fectious disease transmission is the reproductive
number R0; the number of secondary cases of VRE
colonization generated by a single primary case in
a VRE-free ICU. If R0>1 an outbreak of VRE will
persist and become endemic with prevalence 1-1/
R0. If R0<1 the outbreak will fade to extinction.
For indirect VRE transmission via HCWs R0 is
defined as

R0 = m bp bs r
2Dp Ds

where m is the staff-patient ratio, bp and bs are the
respective probabilities of transmission from
HCW-patient and vice-versa, r is the staff-patient
contact rate (patient contacts per unit time) and
parameters Ds and Dp represent the average dura-
tion VRE remains transmissible on the hands of
HCWs (typically one hour) and from patients (typi-
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Infection control measures will influence R0 in
different ways. Barrier precautions such as hand-
washing reduce the probability of HCWs transmit-
ting VRE, once colonized, by a factor (1-p) where
p is the observed compliance with hand-washing
measures. Cohorting HCWs will reduce the effec-
tive staff-patient ratio m by a factor (1-q) where q
is the proportion of staff cohorted to a single pa-
tient. Increasing the numbers of HCWs will in-
crease m but may reduce the patient contact rate r
and hence R0.

Estimates of compliance with barrier precau-
tions have been reported as less than 50%
(Doebbbelling et al. 1992), suggesting that VRE
will not controlled if R0>2. Cohorting of staff mem-
bers via one-to-one nursing can give very high
cohorting levels, perhaps 80% with a correspond-
ingly higher eradication R0<5. Indeed outbreaks
have been brought under control using just such
methods (see e.g., Haley et al. 1995).

During the course of a 133-day study of en-
demic VRE at CCH a mean compliance of 51%
was observed and the level of cohorting of HCWs
was estimated to be 80%. The mean endemic preva-
lence of VRE was found to be 36% (95% CI 3-68)
and 15% of patients were already colonized on
admission (Slaughter et al. 1996). Our analyses
indicate that the effective reproductive number (in-
cluding infection control measures) R0(p,q)=0.6,
corresponding to a true reproductive number
R0=3.11 in the absence of infection control mea-
sures. We deduce that since R0(p,q)<1, infection
control would ordinarily control VRE. However
the admission of colonized patients continued to
stabilize endemic VRE. The observed reduction in
VRE transmission is considerable. In the absence

of infection control, the predicted endemic preva-
lence of VRE is 75% compared with an observed
mean of 36%.

The use of molecular epidemiology has dem-
onstrated that the primary determinant of endemic
VRE is indirect patient-HCW-patient transmission,
rather than environmental or endogenous sources.
Using a precise mathematical framework enables
careful analysis of the transmission dynamics of
VRE and allows for quantitative measurements of
both transmission and, more importantly, interven-
tion can be made. As treatment options become
more limited, clinicians will become ever more
reliant on conventional infection control proce-
dures. The quantitative measurements outlined can
be used to assist in enabling better management of
limited resources to combat the threat of VRE in
ICU hospital settings.
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cally the duration of their stay in the ICU i.e., days).
The contact rate appears as a squared quantity re-
flecting the patient-HCW-patient nature of trans-
mission.

Model of indirect patient-health care workers (HCW)-patient
vancomycin-resistant enterococci (VRE) transmission. Patients
are admitted at a rate L  per day with a fraction f  already colo-
nized. Dashed arrows indicate indirect transmission. Colonized
patients remain in the ICU for duration Dp and HCWs can trans-
mit VRE for duration Ds.


