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Editorial

Of Models and Methods: Our Analytic
Armamentarium Applied to Methicillin-Resistant
Staphylococcus anveus

Eli N. Perencevich, MD, MS; David M. Hartley, PhD

To study, and when the occasion arises to put what
one has learned into practice—is that not deeply
satisfying?—Confucius, The Analects

The purpose of computing is insight, not numbers—R. W.
Hamming

Pandemic Staphylococcus aureus and methicillin-re-
sistant Staphylococcus aureus (MRSA) emerged as serious
nosocomial pathogens years ago.! Despite considerable at-
tention in the literature and in clinical practice, the problem
continues unabated. MRSA-associated morbidity and mor-
tality is, in fact, increasing, as are the associated healthcare
costs. This issue of Infection Control and Hospital Epide-
miology contains four studies that explore nosocomial S.
aureus and MRSA, approaching the problem using a variety
of methodologies including a quasi-experimental design, a
case—control study, a cohort study, and mathematical mod-
els.?> The diversity of approaches illustrates the impressive
armamentarium at our disposal to meet the challenge of
understanding the epidemiology of nosocomial infections.
Furthermore, it highlights the challenges to hospital epi-
demiologists, who constantly face new data to interpret and
incorporate into practice.

The study by Khoury et al., a combined quasi-experi-
mental and case—control study, describes an outbreak of
MRSA infections in a neonatal intensive care unit (NICU)
and subsequent successful eradication of a clonal strain af-
ter aggressive surveillance culturing and control interven-
tions.! The multi-modal interventions included admission

and weekly active surveillance culturing of the periumbili-
cal and perirectal skin of all infants with subsequent con-
tact isolation (gowns, gloves, and, occasionally, masks) of
MRSA carriers; swabs of the anterior nares of all NICU em-
ployees with aggressive decolonization and repeat culture if
they were found to be colonized; and direct observation and
education of healthcare workers (HCWSs) in proper contact
isolation and hand hygiene practices. Using a case~control
study, Khoury et al. identified several univariate unadjusted
risk factors in their comparison of 12 patients identified
as having MRSA infections with random control-patients.
Multiple gestation, gavage feeding, intubation, younger
gestational age at birth, and lower birth weight were all
found to be associated with MRSA infection. In addition,
when they compared the patients found to be colonized on
active surveillance swabs with the same control-patients,
they found multiple gestation, younger gestational age at
birth, and lower mean birth weight to be associated with
MRSA colonization. The authors also reported a significant-
ly longer NICU stay for MRSA-infected patients compared
with control-patients; however, it was unclear whether this
length of stay represented a risk factor for, or an outcome
of, MRSA infection. If the excess length of stay occurred
predominately before the manifestation of MRSA infection,
this would likely represent the time at risk and therefore
would be called a risk factor; if the excess length of stay
occurred after MRSA infection, it would represent an as-
sociated outcome.

There are several important reasons for conducting
case—control studies of antibiotic-resistant organisms. One
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reason for doing so is to identify a potentially modifiable
risk factor that could be targeted for intervention. Another
reason would be to identify, and then eliminate, a common
exposure or source, thereby terminating the outbreak. In
this study, however, the risk factors identified neither were
easily modifiable nor identified a common source for the
outbreak. So what did we learn? For one thing, all of the
variables appeared to be highly correlated. It is probably
reasonable to assume that neonates with a younger gesta-
tional age at birth would also have a lower birth weight, be
more likely to require intubation and gavage feeding, and
have a higher likelihood of birth secondary to a multiple
gestation pregnancy. In fact, these factors have been as-
sociated either directly or indirectly with excess length of
stay.%® Therefore, because several of these factors have bio-
logical plausibility in the causal pathway from uncolonized
to colonized to infected (through their association with ex-
cess length of stay and severity of illness), some may prove
effective candidates for inclusion in a prediction rule that
would identify high-risk patients.® Thus, an attractive next
step in this population would be creation and validation of
a prediction rule to detect patients at high risk for MRSA
colonization for targeted active surveillance.' If a high-risk
population, defined as having certain risk factors for coloni-
zation, can be identified, this would lead to cost-effective ac-
tive surveillance programs. Thus, colonization surveillance
would not cease due to cost concerns after an outhreak
has been controlled. In this outbreak, the authors reported
eliminating active surveillance culturing 2 months after the
outbreak was contained. Because our aim is to prevent the
next outbreak, and not just halt one already in progress,
cost-effective strategies must be identified.

Keene et al. describe the epidemiology of S. aureus
(both MRSA and methicillin-sensitive S. aureus [MSSA])
colonization and infection in a cohort of patients in a medi-
cal ICU with an active surveillance program.® Consistent
with previous reports, colonized patients were far more
likely to develop subsequent infection in the 30-day post-
discharge period compared with uncolonized patients, and
these infections were overwhelmingly identical to the ini-
tial colonizing strain.!'''3 Importantly, 89% of the colonized
patients were detected on admission, with the remaining
detected during their ICU stay, presumably after acquisi-
tion in the ICU. These findings, along with their report of a
rapid polymerase chain reaction (PCR) test with moderate
sensitivity and high specificity, led the authors to suggest
that colonized medical ICU patients may be optimal targets
for a rapid detection and decolonization program. Unfortu-
nately, their data provide evidence that a randomized trial
testing such a program will be difficult and costly and may
not achieve the desired outcome. Counterintuitively, colo-
nized patients had lower ICU mortality (although not statis-
tically significantly lower) than did non-colonized patients.
In addition, those who developed infections did not have
statistically significantly higher ICU mortality compared
with those who did not develop infections. These findings
are consistent with those from a large cohort study by
Wertheim et al. that reported S. aureus bacteremia-related
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mortality was statistically significantly higher in non-carri-
ers (32%) than in patients found to be colonized on hospital
admission (8%).13 Therefore, an optimal strategy may be to
prevent S. aureus colonization and infection in those not
found to be already colonized on admission.

In contrast to the clinical epidemiology studies de-
scribed in the articles by Khoury et al. and Keene et al., two
other articles in this issue of Infection Control and Hospital
Epidemiology describe mathematical modeling studies.??
Various models have appeared in the literature address-
ing different aspects of the antibiotic-resistance problem,
including infection control and the benefits of various sur-
veillance strategies.}*!” The articles by Forrester and Pet-
titt and Raboud et al. make valuable contributions to this
literature.

Forrester and Pettitt consider statistical methods
for estimating MRSA colonization transmission rates in
ICU patients using interval-censored screening data. Their
model partitioned patients into four states: (1) not colo-
nized by MRSA, (2) colonized with MRSA but not isolated,
(3) detected as colonized and isolated from other patients,
or (4) removed or discharged from the ICU. Transitions
between states were modeled as stochastic, or “random,”
events. Three competing sources of MRSA were included
in the model: “background contamination”; non-isolated,
colonized patients; and isolated, colonized patients. Back-
ground contamination was defined broadly to include noso-
comial transmission arising from outside the ICU, MRSA
carriers in the ICU who go undetected, colonized HCWs,
and equipment and HCWs transiently contaminated within
the hospital but outside the ICU. Importantly, it appears
that the attributable impact on MRSA transmission of un-
detected and therefore non-isolated patients was analyzed
separately and also included in the analysis of background
contamination.

Results from the Forrester and Pettitt model sug-
gest that, at least within the specific ICU considered, the
transmission rate from background sources to susceptible
patients was approximately double the rate of transmission
per non-isolated patient and six times the rate of transmis-
sion per isolated patient. Thus, the model provided evidence
to suggest that (1) background contamination is an impor-
tant—and in this ICU, the dominant—source of incident
colonization and (2) transmission from non-isolated MRSA
patients via HCWs is greater than that from isolated MRSA
patients. This last finding is consistent with the clinical be-
lief that isolation of MRSA-positive patients is an effective
control measure.

Raboud et al. describe a modeling study conceived to
assess the impact of potential intervention strategies within
a non-ICU setting, including adjusting the characteristics
of screening tests, modifying nursing workload, varying
handwashing rates, and the dependence of handwashing
on the risk level of patients. Following an earlier model
of Austin and Anderson, Raboud et al. allowed patients to
exist in MRSA-colonized or MRSA-uncolonized states.!® In
this model, “colonization” referred to either colonization or
infection. Similarly, HCWs were assigned to either uncolo-
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nized or transiently colonized states; transitions between
states were stochastic events.

The model suggests two approaches to reducing
MRSA transmission—improving basic infection control
measures and active screening in combination with control
precautions—should be viewed as complementary. It pre-
dicts that establishing a culture-based admission screening
and control program with an 80% compliance in perform-
ing admission surveillance cultures would lead to a 35% de-
crease in MRSA acquisition. Relative to this new baseline,
introducing PCR-based rapid screening would lead to an ad-
ditional 37% decrease, given that patients are isolated only
when test results return positive (an “innocent until proven
guilty” strategy). Increasing handwashing compliance by a
small margin (10%) projected a 50% decrease in MRSA ac-
quisition. If the PCR test and increasing handwashing com-
pliance by 10% were implemented simultaneously, the mod-
el predicts a decrease in nosocomial acquisition of more
than 70%. Consistent with previous conclusions drawn from
Forrester and Pettitt, nurse-to-patient ratios were found to
have little impact on MRSA transmission.

Besides the quantitative results found in these stud-
ies, how do the models inform our broader thinking about
MRSA control? As with any modeling study, interpretation
of the results depends on the assumptions with which the
model is built. Raboud et al. assumed the dominant mode
of MRSA transmission to be through hand contamination of
HCWs. Transmission through direct patient-to-patient con-
tact and environmental contacts was not included because,
“Although these are possible routes of transmission, they
are likely to be less important than hand contamination, and
isolation precautions should also be effective in decreasing
transmission by these routes.” This appears to be in op-
position to the finding of Forrester and Pettitt that back-
ground contamination was the dominant cause of incident
colonization. However, several additional factors besides
environmental contamination were included in Forrester
and Pettitt’s definition of background contamination, so the
exact impact of environmental contamination remains un-
clear as far as the models are concerned. This highlights
two of the key uses of models: to inform our thinking about
potential interventions (Should we collect environmental
swabs from commonly touched surfaces?) and data collec-
tion (What data do we need to collect to understand MRSA
transmission from a mechanistic viewpoint?). Interestingly,
Khoury et al. described environmental surface disinfection
but did not collect surface samples to culture before or after
cleaning.

To what degree are results drawn from a mathemati-
cal model generalizable? Raboud et al., for example, found
that improving handwashing compliance by a small mar-
gin was likely to be an effective means of further reducing
transmission of MRSA in their facility. Given this possibility,
the next question to ask is: How sensitive is this finding
to changes in individual parameters? Raboud et al. in fact
provide some sensitivity analysis illustrating how model
results vary according to a range of parameter values.
However, the central parameters of the model, the relative
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probabilities for transmission during visits with and without
handwashing and isolation, were not included in the sensi-
tivity analysis. Moreover, these parameters were arrived at
through expert opinion and were not empirically derived;
as such, they may well be less supported by data published
in the literature. Because these values may change from fa-
cility to facility as well as vary over time, it is both uncertain
how to interpret the fundamental results of the model and
difficult to assess what degree model results may be gener-
alized to other institutions.

These four studies in this issue of Infection Control
and Hospital Epidemiology provide a compelling illustra-
tion of how models and traditional epidemiologic studies
complement one another. Traditional epidemiologic studies
(such as cohort and case—control studies) are critically con-
cerned with causal inference—the gathering of evidence
on whether specific factors are indicative of a causal link to
disease.!®* Mathematical models, on the other hand, assume
causality (eg, improving handwashing compliance does
reduce MRSA transmission) and predict the consequences
of the assumption, allowing careful comparison with obser-
vation.?® Thus, modeling provides methods for interpret-
ing observational data and testing hypotheses, such as the
ability of a specific infection control intervention to halt a
specific outbreak. Traditional epidemiologic studies must
aim to maximize internal validity and minimize the role of
chance in creating spurious results.?! Models, by providing
a virtual workbench, can aid in epidemiologic study design
because data can be collected on risk factors determined
to be important in a mathematical model. Unfortunately,
there is no perfect epidemiologic study, whether observa-
tional, experimental, or mathematical model simulation. In
the case of infection control, despite common limitations,
research studies provide opportunities to examine the ef-
fects of various components of control measures. By coor-
dinating epidemiologic investigations, more of the “right”
data can be collected with traditional cohort and case—con-
trol study methods and then analyzed using mathematical
models, producing compelling results for policy decisions
regarding hospital infection control.

Given the continued emergence of MRSA and other
antibiotic-resistant bacteria in the hospital environment, in-
fection control researchers must use the full armamentari-
um of study design methodologies at their disposal, includ-
ing mathematical models and quasi-experimental designs.
Randomized trials cannot be expected to answer all possible
questions, given current cost and time constraints. Model-
ing studies provide a powerful methodology for designing
future studies as well as interpreting data from them. We
must constantly search for new study methodologies and
control measures to evaluate and implement. The bacteria
will not rest and neither will we.
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