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o r i g i n a l a r t i c l e

Healthcare-Associated Infection and Hospital Readmission

Carley B. Emerson, MS;1,a Lindsay M. Eyzaguirre, MS;1,a Jennifer S. Albrecht, BA;1 Angela C. Comer, MPH;1

Anthony D. Harris, MD, MPH;1 Jon P. Furuno, PhD1,2

objective. Hospital readmissions are a current target of initiatives to reduce healthcare costs. This study quantified the association
between having a clinical culture positive for 1 of 3 prevalent hospital-associated organisms and time to hospital readmission.

design. Retrospective cohort study.

patients and setting. Adults admitted to an academic, tertiary care referral center from January 1, 2001, through December 31,
2008.

methods. The primary exposure of interest was a clinical culture positive for methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant enterococci (VRE), or Clostridium difficile obtained more than 48 hours after hospital admission during the index
hospital stay. The primary outcome of interest was time to readmission to the index facility. Multivariable Cox proportional hazards models
were used to model the adjusted association between positive clinical culture result and time to readmission and to calculate hazard ratios
(HRs) and 95% confidence intervals (CIs).

results. Among 136,513 index admissions, the prevalence of hospital-associated positive clinical culture result for 1 of the 3 organisms
of interest was 3%, and 35% of patients were readmitted to the index facility within 1 year after discharge. Patients with a positive clinical
culture obtained more than 48 hours after hospital admission had an increased hazard of readmission (HR, 1.40; 95% CI, 1.33–1.46) after
adjusting for age, sex, index admission length of stay, intensive care unit stay, Charlson comorbidity index, and year of hospital admission.

conclusions. Patients with healthcare-associated infections may be at increased risk of hospital readmission. These findings may be
used to impact health outcomes after discharge from the hospital and to encourage better infection prevention efforts.
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Hospital readmission has been identified as a key quality
indicator and target for reducing healthcare spending. For
example, approximately 20% of Medicare beneficiaries in
2004 were readmitted within 30 days after hospital discharge
at a cost of approximately $17.4 billion.1 Similarly, healthcare-
associated infections are associated with higher healthcare
costs and may act as a surrogate for hospital quality of care.2

Healthcare-associated infections are also associated with con-
siderable morbidity and mortality among infected patients
and continue to increase in incidence despite laborious and
costly infection prevention efforts.3,4

Although much attention has been directed toward hospital
readmissions and healthcare-associated infections as poten-
tially preventable conditions and targets to reduce healthcare
spending, to our knowledge, no studies have directly assessed
the association between the two. In this study, we aimed to
investigate the association between hospital-associated infec-
tion and time to hospital readmission. A positive association
would provide additional incentives for infection prevention

and could aid in targeting patients for more intensive hospital
discharge planning. We hypothesized that a clinical culture
positive for 1 of 3 prevalent healthcare-associated pathogens
(methicillin-resistant Staphylococcus aureus [MRSA], vanco-
mycin-resistant enterococci [VRE], or Clostridium difficile)
that was obtained more than 48 hours after hospital admis-
sion would be associated with a shorter time to hospital read-
mission.

methods

Study Design and Population

This study was approved by the University of Maryland, Bal-
timore, institutional review board. We used a retrospective
cohort of adult patients (118 years of age) who were admitted
to the University of Maryland Medical Center (UMMC) over
an 8-year period from January 1, 2001, through December
31, 2008. During the study period, UMMC was a 656-bed
tertiary care facility in Baltimore, Maryland, with an active
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infection prevention program that included MRSA and VRE
surveillance culturing in all intensive care units (ICUs) and
MRSA surveillance culturing of medical and surgical patients
at high risk for infection at hospital admission.5

Each hospital admission was listed as an index admission.
Hence, multiple admission and readmission events per pa-
tient were possible, and each admission to the hospital re-
sulted in a new row of data. We excluded patients who were
not at risk of readmission due to death during their index
hospitalization as well as readmissions that occurred less than
24 hours after the initial admission. The second exclusion
criterion was to account for transfers from one service to
another within the hospital that may have been registered as
separate admission events in the database. However, these
patients were not completely excluded from the analysis. The
admission that resulted in a readmission within 24 hours was
excluded, but the readmission would be counted as a new
index admission and was therefore not excluded. Finally, be-
cause our primary exposure was a positive clinical culture
result obtained more than 48 hours after hospital admission,
we excluded all patients with a length of stay of less than 48
hours, because these patients could not have this exposure.

Data Collection

All data were extracted from the UMMC Clinical Data Re-
pository, a relational database maintained by the University
of Maryland Medical System Information Technology Group,
which contains patient administrative, pharmacy, and labo-
ratory data. These data have been used extensively in pub-
lished epidemiologic studies.6-8 The validity of the clinical
culture indicators in these data was assessed by comparing a
random sample of 50 admissions with the patients’ paper
medical records. This validity assessment suggested a sensi-
tivity of 99% and a specificity of 92%. Comorbid illnesses
were defined using International Classification of Diseases,
Ninth Revision(ICD-9),9 codes and the Charlson comorbidity
index was used to measure aggregate comorbidity.10

Our primary exposure of interest was clinical culture pos-
itive for MRSA, VRE, or C. difficile obtained more than 48
hours after hospital admission. The 48-hour cutoff point has
been used previously as a proxy for hospital-associated in-
fection.11-13 Clinical culture specimens could have been from
any site and were collected when patients exhibited signs or
symptoms of an infection. Patients who had a positive clinical
culture result 48 hours or less after admission, patients who
did not have a clinical culture specimen collected, or patients
whose clinical cultures were negative for the organisms of
interest were considered to not have the exposure of interest.
Our primary outcome of interest was time to readmission to
the index facility (ie, UMMC) after discharge from the hos-
pital after the index admission. If a patient was readmitted
to the hospital with a positive clinical culture result at ad-
mission (regardless of the infecting organism), that patient
would not be considered to have our exposure of interest for

the (new) index admission unless they had a new hospital-
associated (ie, occurring 148 hours after hospital admission)
positive clinical culture result at that admission. This assured
that each incident positive clinical culture was considered only
once.

Statistical Methods

We performed univariable and bivariable analyses on de-
mographic and clinical variables. Discrete covariates were ex-
amined for association with both our exposure and our out-
come using x2 analysis. Continuous variables were examined
using Student t tests for normally distributed variables and
Wilcoxon rank-sum tests for non–normally distributed var-
iables. A 2-sided P value of !.05 was considered statistically
significant. We examined age as both a continuous and a
categorical variable. Age categories used were !20 years,
20–29 years, 30–39 years, 40–49 years, 50–59 years, 60–69
years, and 70 years or older. Because age was a significant
predictor of hospital readmission in our multivariable model
as both a continuous and a categorical variable, we chose to
dichotomize it at 65 years of age for ease of interpretation.
The distribution of length of initial hospital stay was highly
skewed and was therefore dichotomized about the median.
We used the Cochran-Armitage trend test to determine
whether the predominant organism in positive clinical cul-
tures obtained 48 hours or more after hospital admission
changed over time. We examined survival curves for patients
with hospital readmission occurring within 365 days after
hospital discharge, stratified by clinical culture status, using
the Kaplan-Meier method. Survival curves were compared
using the log-rank test statistic.

We modeled time-to-rehospitalization using a Cox pro-
portional hazards model that accounted for repeated hospi-
talization events following Anderson-Gill’s counting process
method.14 The sandwich estimator was used to produce ro-
bust standard error estimates. Our unadjusted model ex-
amined days to readmission as a function of positive clinical
culture obtained more than 48 hours after hospital admission.
Covariates that were found to be significantly associated with
both our exposure and our outcome were added one at a
time to the basic model. Covariates were retained in the model
if their parameter estimates had P values !.05 or if they
resulted in a 10% or greater change in the parameter estimate
of positive clinical culture result. Statistical analyses were per-
formed using SAS, version 9.2 (SAS Institute).

results

There were 244,852 adult patients admitted during the study
period. Of these, 7,402 were excluded because the patient
died during the initial hospital stay, 4,658 were excluded be-
cause the patient was readmitted less than 24 hours after the
initial discharge, and 96,279 were excluded because they had
a length of hospital stay of less than 48 hours. The remaining
136,513 admissions formed our study population (Table 1).
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table 1. Demographic and Clinical Characteristics of Adult Patients Admitted to University of Maryland Medical Center during
the Period 2001–2008, by Culture Result

Clinical culture result positive for MRSA, VRE, or Clostridium
difficile 148 h after hospital admission

Characteristic
Yes

(n p 4,737)
No

(n p 131,776)
Overall

(n p 136,513) P

Age, mean � SD 52.5 � 16.8 51.0 � 17.9 51.1 � 17.9 !.0001
Male sex, no. (%) of patients 2,847 (60) 69,413 (53) 72,260 (53) !.0001
Charlson comorbidity index, mean � SD 2.0 � 2.1 1.6 � 2.0 1.6 � 2.1 !.0001
Index length of stay, median days (IQR) 24 (3–54) 6 (3–13) 6 (3–13) !.0001
ICU stay, no. (%) of patients 2,174 (46) 29,588 (22) 31,762 (23) !.0001
Year of hospital admission, no. (%) of patients !.0001

2001 445 (3.2) 13,980 (96.8) 13,925 (100)
2002 512 (3.3) 14,762 (96.7) 15,274 (100)
2003 602 (3.6) 16,199 (96.4) 16,801 (100)
2004 546 (3.6) 16,811 (96.4) 17,357 (100)
2005 615 (3.4) 17,606 (96.6) 18,221 (100)
2006 780 (4.2) 17,957 (95.8) 18,737 (100)
2007 726 (3.9) 18,098 (96.1) 18,824 (100)
2008 511 (2.9) 16,863 (97.1) 17,374 (100)

note. ICU, intensive care unit; IQR, interquartile range; MRSA, methicillin-resistant Staphylococcus aureus; SD: standard deviation;
VRE: vancomycin-resistant enterococci.

figure 1. Survival curves of time to hospital readmission within
1 year after hospital discharge for those with a clinical culture positive
for methicillin-resistant Staphylococcus aureus, vancomycin-resistant
enterococci, or Clostridium difficile occurring more than 48 hours
after hospitalization ( ).n p 58,857

The mean age of the sample (� standard deviation) was
years, and 53% of the patients were male. The me-51 � 18

dian (interquartile range [IQR]) length of stay of the initial
hospitalization was 6 days (IQR, 3–13 days).

During the study period, 7,898 (6%) of the patients ad-
mitted to the hospital had a clinical culture positive for one
of the organisms of interest, and 4,737 (3%) had a positive
clinical culture obtained more than 48 hours after admission.
Of these, 2,318 (49%) of the patients had cultures positive
for MRSA, 1,174 (25%) had cultures positive for VRE, and
1,643 (35%) had cultures positive for C. difficile. Three hun-
dred and eighty-three had cultures that were positive for more
than 1 organism obtained 48 hours or more after hospital
admission. In addition, trend analysis suggested a significant
increasing trend in the proportion of clinical cultures ob-
tained 48 hours or more after hospital admission that were
positive for MRSA during the period 2001–2008 ( )P p .02
as well as slight decreasing trends for VRE-positive (P p

) and C. difficile–positive cultures ( )..06 P p .05
Patients with hospitalizations during which a positive clin-

ical culture was obtained more than 48 hours after admission
differed significantly from other patients in a number of re-
spects. Patients with a positive clinical culture were signifi-
cantly older, were more likely to be male and to have an ICU
stay, and had a higher mean Charlson comorbidity index.
Furthermore, these patients had significantly longer median
length of stay ( for all).P ! .01

Thirty-five percent of patients were readmitted to the index
hospital within 365 days. An examination of survival curves
of time to readmission, stratified by clinical culture status,
suggests a shorter time to readmission among those patients
with a positive clinical culture obtained more than 48 hours

after admission (log-rank x2 value of !.0001; Figure 1) Me-
dian time to readmission among those with a positive clinical
culture was 27 days (95% confidence interval [CI], 25–30
days), compared with 59 days (95% CI, 57–60 days) for pa-
tients without a positive clinical culture result. A 30-day pe-
riod to readmission was also examined. The incidence of 30-
day readmission among patients with a positive clinical
culture result was 25%, compared with 15% for patients with
a negative result or no clinical culture ( ). Our finalP ! .01
Cox proportional hazards model contained terms for positive
clinical culture, sex, age greater than 65 years, length of stay
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table 2. Adjusted Hazard Ratio of Readmission within 1 Year after Hospital Discharge for Patients
with a Clinical Culture Positive for MRSA, VRE, or Clostridium difficile Occurring More than 48
Hours after Hospitalization

Characteristic
Hazard ratio (95% confidence interval)

(n p 136,513)

Unadjusted, positive clinical culture 1.45 (1.38–1.51)
Adjusted

Clinical culture positive for MRSA, VRE, or C. difficile 1.40 (1.33–1.51)
Female sex 0.98 (0.95–1.00)
Age !65 years 1.45 (1.41–1.49)
Length of initial hospital stay 13 days 1.14 (1.12–1.17)
ICU stay 0.87 (0.85–0.89)
Charlson comorbidity index 1.11 (1.10–1.11)
Year of hospital admissiona 0.93 (0.93–0.94)

note. ICU, intensive care unit; MRSA, methicillin-resistant Staphylococcus aureus; VRE: vancomycin-
resistant enterococci.
a Decrease in hazard of readmission per increase in year of hospital admission.

greater than 3 days, Charlson comorbidity index, ICU ad-
mission, and year of hospital admission. The results of this
model are displayed in Table 2. Patients with a positive clinical
culture obtained 48 hours or more after admission during
their initial hospital stay had a significantly increased hazard
of hospital readmission (hazard ratio [HR], 1.40; 95% CI,
1.38–1.51). Additional analysis suggested a greater hazard of
readmission for patients with a clinical culture positive for
VRE (HR, 1.67; 95% CI, 1.53–1.81), compared with patients
with cultures positive for MRSA (HR, 1.30; 95% CI,
1.22–1.38) or C. difficile (HR, 1.35; 95% CI, 1.26–1.45). Fur-
thermore, the inclusion of all 3 organisms in the model re-
sulted in slightly reduced but significant hazards of readmis-
sion, which suggests that the presence of a clinical culture
positive for each organism is an independent predictor of
hospital readmission. Patients aged less than 65 years (HR,
1.45; 95% CI, 1.41–1.49) or who had a length of stay greater
than 3 days (HR, 1.14; 95% CI, 1.12–1.17) also had a sig-
nificantly increased hazard of hospital readmission. Patients
with an ICU stay had a decreased hazard of readmission (HR,
0.87; 95% CI, 0.85–0.89). Sex was not a significant predictor
of hospital readmission. Additional analyses were performed
to determine whether the increased hazard of readmission
among those aged less than 65 years was attributable to the
inclusion of patients admitted to obstetric or pediatric ser-
vices ( ). However, excluding these patients resultedn p 5,886
in no change to the HR point estimates. Each unit increase
in Charlson comorbidity index score was associated with an
increased hazard of readmission (HR, 1.11; 95% CI,
1.10–1.11), whereas each unit increase in year of admission
was associated with a decrease in the hazard of readmission
(HR, 0.93; 95% CI, 0.93–0.94).

discussion

Hospital readmission and healthcare-associated infections are
common healthcare problems with important clinical and

financial implications for both patients and hospitals. Our
analysis of 8 years of hospital admissions data at a large urban
tertiary care facility suggests that there is a significant asso-
ciation between the two; specifically, we found that patients
with a clinical culture positive for 1 of 3 prevalent nosocomial
pathogens obtained more than 48 hours after hospital ad-
mission had a shorter time to hospital readmission. Fur-
thermore, the median time to readmission for such patients
was almost half that for other patients. This study is novel
in its investigation of the relationship between the presence
of a positive clinical culture obtained more than 48 hours
after hospital admission and time to rehospitalization among
admitted patients.

To our knowledge, only one earlier study has examined
the association between positive clinical culture result and
hospital readmission. In that study, patients with MRSA sur-
gical site infections were more likely than other patients to
be readmitted to the hospital within 30 days.15 These results
are consistent with our findings. In addition, our observations
that longer lengths of stay and greater Charlson comorbidity
index score are associated with shorter time to readmission
is consistent with previous studies.1,16-19 In contrast with pre-
vious research, we observed age less than 65 years to be as-
sociated with shorter time to hospital readmission.1,20 Fur-
thermore, we observed that having an ICU stay was protective
in our statistical model. This may be attributable to the fact
that patients who are admitted to ICUs are likely to be more
severely ill and, as such, are more likely to be discharged to
another healthcare facility, thereby reducing their risk of read-
mission to the hospital.

There are a number of limitations to this study that require
comment. First, by excluding patients who died during their
index hospitalization, a large proportion of patients with pos-
itive clinical culture results were also excluded. These patients
constituted 16% of the total number of patients with a pos-
itive clinical culture result obtained more than 48 hours after
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hospital admission (including those who died). In addition,
we used positive clinical culture result obtained more than
48 hours after admission as a proxy for hospital-associated
infection. However, a study at the same institution that as-
sessed the incidence of MRSA infection observed that ap-
proximately 82% of MRSA-positive clinical cultures were at-
tributable to true infections, defined using National Hospital
Safety Network criteria.5 Furthermore, this study used ad-
ministrative data, and therefore, we did not have data on
where patients originated from (eg, home or nursing home)
and were unable to differentiate between patients who were
readmitted within less than 24 hours after discharge from the
hospital and those who were transferred between services
within the hospital. Lastly, we only had data on readmissions
to the index facility and may have potentially misclassified
those patients who were readmitted to other hospitals as not
having a readmission. However, this exclusion would have
resulted in nondifferential misclassification and biased our
results towards a null effect.

Despite these limitations, this study has several strengths,
including a large sample size and data that were collected
over an extended period. The authors believe that using data
collected over a period of 8 years will help to account for
fluctuations in the prevalence of specific antibiotic-resistant
bacteria and changes in hospital policy or procedures related
to quality of care over time.

In conclusion, our results suggest that healthcare-associ-
ated positive clinical culture results may be associated with
a significantly shorter time to hospital readmission. Efforts
to reduce healthcare-associated infections may have the ad-
ditional benefit of reducing the incidence of hospital read-
mission and associated poor patient outcomes and increased
healthcare costs. Furthermore, patients with a positive clinical
culture result obtained more than 48 hours after hospital
admission could be targeted to receive additional discharge
planning resources designed to reduce the likelihood of hos-
pital readmission.
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