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Abstract
OBJECTIVE—To characterize the temporal progression of the monthly incidence of Clostridium
difficile infections (CDIs) and to determine whether the incidence of CDI is related to the
incidence of seasonal influenza.

DESIGN—A retrospective study of patients in the Nationwide Inpatient Sample during the period
from 1998 through 2005.

METHODS—We identified all hospitalizations with a primary or secondary diagnosis of CDI
with use of International Classification of Diseases, 9th Revision, Clinical Modification codes,
and we did the same for influenza. The incidence of CDI was modeled as an autoregression about
a linear trend. To investigate the association of CDI with influenza, we compared national and
regional CDI and influenza series data and calculated cross-correlation functions with data that
had been prewhitened (filtered to remove temporal patterns common to both series). To estimate
the burden of seasonal CDI, we developed a proportional measure of seasonal CDI.

RESULTS—Time-series analysis of the monthly number of CDI cases reveals a distinct positive
linear trend and a clear pattern of seasonal variation (R2 = 0.98). The cross-correlation functions
indicate that influenza activity precedes CDI activity on both a national and regional basis. The
average burden of seasonal (ie, winter) CDI is 23%.

CONCLUSIONS—The epidemiologic characteristics of CDI follow a pattern that is seasonal and
associated with influenza, which is likely due to antimicrobial use during influenza seasons.
Approximately 23% of average monthly CDI during the peak 3 winter months could be eliminated
if CDI remained at summer levels.

Clostridium difficile is the most common cause of nosocomial infectious diarrhea in the
United States, and several reports indicate that both the incidence and the severity of C.
difficile infections (CDIs) are increasing,1–5 possibly because of the emergence of a more
virulent strain.6,7 Multiple risk factors for CDI have been reported (eg, environmental
exposure,8–12 older age,13 and underlying severity of disease14). However, prior
antimicrobial use is the primary risk factor for CDI, and, historically, it has been unusual for
patients to develop CDI without recent receipt of antimicrobial agents or exposure to a
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healthcare facility. Most classes of antimicrobial agents have been linked to CDI; however,
the risk is particularly high with clindamycin, cephalosporins, and, more recently,
fluoroquinolones.15–17

Because the use of antimicrobial agents varies by season, peaking in the winter months,18,19

the epidemiologic characteristics of CDI may also be seasonal. Furthermore, because
antibiotic use increases during influenza seasons,20 we hypothesize that the seasonal
variation of CDI may be related to influenza activity. The purpose of this study is to
characterize the temporal progression of the monthly incidence of CDI and to determine
whether the incidence of CDI is associated with the seasonal variation in the incidence of
influenza.

METHODS
All data were extracted from the Nationwide Inpatient Sample, the largest all-payer database
of national hospital discharges in the United States. It is maintained as part of the Healthcare
Cost and Utilization Project by the Agency for Healthcare Research and Quality and
contains data from a 20% stratified sample of nonfederal acute care hospitals.21 This sample
includes academic medical centers, community hospitals, general hospitals, and specialty
hospitals. It excludes long-term care facilities and rehabilitation hospitals.21 To adjust for
yearly changes in the sample, we applied the weights provided by the Agency for Healthcare
Research and Quality.22

We first identified all hospitalizations during the period from 1998 through 2005 during
which a primary or secondary diagnosis of CDI was received. For case ascertainment, we
used the International Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM) code 008.45 (intestinal infection due to C. difficile). We then aggregated all
cases of CDI by month to produce a national sample of cases of CDI over time. Cases of
CDI were assigned to a calendar month on the basis of the date that the patient was admitted
to the hospital. In a similar fashion, we identified all hospitalizations during the period from
1998 through 2005 during which a primary or secondary diagnosis of influenza was
received. For case ascertainment, we used the ICD-9-CM codes 487.0 (influenza with
pneumonia), 487.1 (influenza with other respiratory manifestations), and 487.8 (influenza
with other manifestations). We then compiled monthly totals of cases of influenza in the
same manner as for CDI.

To determine whether the epidemiologic characteristics of CDI follow a seasonal pattern, we
modeled the monthly incidence of CDI as an autoregression. With a seasonal disease
pattern, one would expect observations at the peak of the season to be highly correlated with
those of the previous month, as well as with those of the months surrounding the peak the
year before. Because the number of CDI cases tended to increase over time during the study
period, we included a linear trend component (Figure 1). For the initial fit of the national
CDI series, variables representing the incidence of CDI in all of the 25 previous months (ie,
all possible monthly lags from 1 month through 25 months) were considered in the
autoregression, and backward elimination was used to obtain the final model. The optimality
of this final model was confirmed by comparing the Akaike information criterion for this
fitted model with that of other viable candidates. After obtaining a suitable model for the
national data, we then applied the same model structure to fit autoregressive models for
monthly CDI cases in each of the 4 US census regions. The Durbin-Watson (DW) test was
applied to the residuals of each fitted model to assess the adequacy of the fit.

To investigate the association of CDI with influenza, we calculated a cross-correlation
function between CDI and influenza. This cross-correlation function allows us to compare
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one time series (CDI) with another time series (influenza) to explore the temporal
relationship between the 2 series. Specifically, correlations are computed between the CDI
series and the influenza series with the CDI series lagging behind the influenza series by 1
month (CDI cases that had onset 1 month after the influenza peak), by 2 months, and so
forth. We also examined the instantaneous cross-correlation. A high value for a cross-
correlation function indicates that the 2 series are similar when 1 series is shifted by a
specific amount of time (eg, 1 month).

Cross-correlations between time series can be spurious as a result of the effects of common
temporal patterns. For example, CDI and influenza may seem to be correlated simply
because they both follow seasonal cycles, tending to peak in the winter. To establish that the
association between 2 series is not merely due to the nature of their temporal progressions, a
process called prewhitening is often used. Informally speaking, prewhitening removes the
temporal patterns from either (or both) of the series by the application of a common filter.
Any correlation that persists is due to factors above and beyond shared temporal behaviors.

We prewhitened the series by differencing the CDI series (to remove the linear trend) and
fitting a seasonal autoregressive model to the differenced series. The resulting
autoregressive integrated model was used to filter both the CDI series and the influenza
series. The filtered series are called the prewhitened series and serve as the new basis of
comparison in computing cross-correlations.

To compare the timing of seasonal peaks of CDI incidence and influenza incidence for the
national series, the month corresponding to the maximum number of cases for each type of
infection was identified during the period from July of a chosen year through June of the
next year. We used the exact Wilcoxon signed-rank test to investigate whether the timing of
seasonal case peaks in CDI activity followed influenza activity.

Finally, to estimate the burden of seasonal CDI, we developed a proportional measure. The
numerator is defined as the difference between the mean incidence of the 3 months centered
at the CDI peak and the preceding summer CDI mean incidence, and the denominator is
defined as the 3-month peak mean incidence. All analyses were performed using R, version
2.7.1 (R Foundation), or SAS, version 9.1.3 (SAS Institute). For the Wilcoxon signed-rank
test, a P value of less than .05 was considered to indicate a statistically significant result. For
partial tests on model parameters and goodness-of-fit tests, a more liberal level of
significance (.1) was used.

RESULTS
Our time-series analysis of the monthly number of cases of CDI reveals a clear pattern of
yearly seasonal variation at both national and regional levels. The final autoregressive model
for national CDI incidence includes a positive linear trend (P < .001) to account for temporal
case escalation, lags of 1 (P < .001), 2 (P = .09), and 3 months (P < .006) to account for
recent activity, and lags of 12 and 13 months to account for yearly seasonal variation (both P
< .001). Thus, variation in the incidence of CDI can be explained with the use of a simple
and parsimonious model that accounts for growth over time, numbers of recent cases, and
numbers of cases during the previous year. The DW test for autocorrelated residuals exhibits
no evidence of lack of fit (P > .10). The total R2 value for the final model is 0.98 (Figure 1).
We obtained similar results using the same lag structure for each of the 4 US census regions
(all DW P values were greater than .20). The R2 values are 0.95, 0.96, 0.96, and 0.93 for the
northeast, midwest, south, and west regions, respectively.

To prewhiten the series, we fit a seasonal autoregressive model with a period of 12 months
to the differenced, detrended CDI series. The resulting autoregressive integrated model was
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used to filter both the CDI series and the influenza series. The cross-correlation function for
the prewhitened series has a significant correlation only at lag 1, thus indicating that the
number of cases of CDI tends to follow the number of cases of influenza by 1 month. We
obtained similar results for the 4 US census regions: there was a statistically significant
cross-correlation at the 1-month lag for 3 of the 4 regions. We also found that monthly
seasonal peaks in influenza activity occurred mostly during January and February, while
monthly peaks for CDI occurred mostly in March (Figure 2). At a national level, the peak in
CDI incidence occurred during or after the monthly influenza peaks (P = .02, exact
Wilcoxon signed-rank test).

Finally, the average burden of seasonal CDI is 23%, meaning that approximately 23% of
average monthly CDI cases during the 3 peak months could be conceivably eliminated if we
could keep CDI incidence at the minimal summer baseline level.

DISCUSSION
A seasonal pattern for the incidence of CDI has been previously described. However, it was
determined on the basis of visual inspection; no formal time-series analyses were performed.
1,23 Our analysis contributes to the literature by demonstrating a clear seasonal pattern to
CDI by using the appropriate time-series methods for investigating autocorrelated data; we
also demonstrate a strong seasonal association between influenza and CDI, and this
association remains even after the series are prewhitened.

Influenza has occurred on a seasonal basis for hundreds of years, and it is a major cause of
morbidity.24 In developed countries, mortality is at its highest during winter months, not
only as a result of deaths from influenza and pneumonia but also as a result of deaths
attributed to other diseases (eg, cardiovascular disease). In the 1930s, Collins25 proposed
that because deaths due to influenza and deaths due to other apparently non–influenza-
related diseases followed a similar temporal distribution, a causal relationship between
influenza and other nonrespiratory causes of death might exist. More recently, a careful
time-series analysis using 40 years of data on mortality from ischemic heart disease,
cerebrovascular disease, and diabetes mellitus strongly suggested that the excess winter
mortality due to these diseases is, in fact, attributable to influenza.26 Furthermore,
vaccination against influenza is associated with significant reductions in the risk of
hospitalizations for heart disease and cerebrovascular disease.27 Our results, to our
knowledge, are the first to reveal a strong statistical association between influenza and CDI,
with peaks in CDI activity occurring 1–2 months after seasonal influenza peaks. Instead of a
direct causal pathway, as has been suggested for coronary artery disease,28–30 we suspect
that seasonal influenza leads to an overall increase in the prescribing of antimicrobial agents
in the community, which subsequently spurs an increase in CDI activity.

Although influenza can increase the likelihood of acquiring secondary bacterial illnesses,
antimicrobial therapy has no efficacy in treating viral infections, and the administration of
antimicrobial agents to prevent bacterial superinfections is not thought to be efficacious.20
Thus, a significant proportion of the increase in the use of antimicrobial agents during
influenza season is undoubtedly unnecessary and needlessly contributes to antimicrobial
resistance. In pediatric populations, influenza accounts for up to 10%–30% of excess
antimicrobial use.31 In an adult population, the availability of rapid testing for influenza has
been shown to lead to reductions in antibiotic use among hospitalized patients.32 This
reduction in antibiotic use is most likely due to an increase in diagnostic certainty; that is,
physicians are less likely to use antibiotics to treat a respiratory infection if they know that it
is caused by influenza. This observation implies that hospitalized patients are subject to
excess antimicrobial therapy during influenza seasons. However, other respiratory viruses
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are often cocirculating with the influenza virus during winter months (eg, respiratory
syncytial virus), and antibiotics used to treat these other viral respiratory infections also
likely contribute to the seasonality of CDI.

There are several limitations to this study. First, we use administrative data rather than
clinical or microbiologic data for case ascertainment. However, the single ICD-9-CM code
for CDI surveillance has demonstrated both a high sensitivity (78%) and a high specificity
(99.7%).33 Other studies have shown that ICD-9-CM codes for influenza also have a
reasonable sensitivity, specificity, and positive predictive value for detecting influenza.34

Second, as mentioned above, it is possible that viral infections other than influenza that also
occur during winter months could have contributed to the seasonal pattern of CDI incidence.
Third, ideally, we would have also considered seasonal antimicrobial use in our analysis, but
the Nationwide Inpatient Sample does not include medication use data. Unfortunately, there
are no readily available and nationwide data that aggregate the monthly receipt of
antimicrobial agents by hospitalized patients. Fourth, some of the seasonality of CDI may be
due to a form of surveillance bias. The incidence of other gastrointestinal infections peaks
during winter months. For example, cases of rotavirus peak during winter months,
presumably as a result of weather-related conditions (eg, humidity),35,36 which might also
be the case with influenza.37 Given the seasonality of rotavirus and other viral causes of
diarrhea, it is possible that more tests for CDI may be ordered during the winter, leading to
an increase in false-positive results on CDI tests, possibly contributing to the observed
seasonality of CDI. Finally, there may be some other unmeasured factors that account for or
at least contribute to the seasonality of CDI, for example, overcrowding in hospitals or staff
shortages in winter months that could enhance environmental risk factors for CDI. The
presence of more C. difficile spores in the food supply during winter months might also help
contribute to the seasonal pattern of CDI,38 especially if more people are receiving
antibiotics during winter months.

In addition to causing significant morbidity and mortality, CDI is associated with excess
lengths of hospital stays and a substantial increase in cost.39,40 In the United States alone,
CDI management costs $3.2 billion annually.41 By demonstrating seasonal fluctuations in
CDI activity and linking it to influenza activity, we provide yet another reason for
preventing influenza and focusing on antimicrobial use during influenza seasons, a
considerable proportion of which is likely unnecessary. Others have suggested that seasonal
antimicrobial use may indicate and enable the identification of inappropriate patterns of
prescribing antimicrobial agents.42 Therefore, focusing on seasonal patterns at an
institutional level and linking inappropriate use to CDI may be helpful to antimicrobal
stewardship initiatives, especially because the antimicrobial agent used to treat one patient
may put other patients at risk for CDI through exposure to colonization pressure.43,44

Avoiding the administration of antibiotics to hospitalized patients with uncomplicated
influenza and infections caused by other respiratory viruses that cocirculate with influenza
may significantly decrease inappropriate seasonal antibiotic use and, indirectly, the
incidence of CDI. The burden of excess CDI during winter months is nontrivial, as disease
levels are, on average, 23% higher than in the summer. Thus, as CDI becomes more
prevalent and possibly more difficult to treat,45,46 the goal of preventing CDI may provide
yet one more reason to encourage the appropriate use of antimicrobial agents, especially
during the respiratory virus season. Our results also indicate the importance of developing
better diagnostic tests for viral respiratory infections. Finally, infection control researchers
should consider seasonal trends when studying interventions to control CDI. For example,
interventions implemented at certain times may seem to cause a decrease or increase in CDI
rates that may actually have more to do with seasonal fluctuations of CDI rates than with the
effects of the actual interventions designed to decrease CDI.
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FIGURE 1.
Cases of Clostridium difficile–associated disease in the United States, 1998–2005. Values
are predicted on the basis of an autoregressive model (with a linear trend) based on
discharge data from a 20% sample of nonfederal acute care hospitals. Circles, actual cases
of C. difficile infection (CDI); solid line, predicted CDI cases from a model that uses the
linear trend, as well as historical data from the previous 3 months (lags of 1, 2, and 3
months) and the previous year (lags of 12 and 13 months).
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FIGURE 2.
Cases of influenza and Clostridium difficile–associated disease in the United States, 1998–
2005. Values are based on discharge data from a 20% sample of nonfederal acute care
hospitals. Top, influenza series; bottom, linearly detrended C. difficile infection series.
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