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Abstract: Clostridium difficile is a bacterium that can spread by water. It often causes 

acute gastrointestinal illness in older adults who are hospitalized and/or receiving antibiotics; 

however, community-associated infections affecting otherwise healthy individuals have 

become more commonly reported. A case-crossover study was used to assess emergency 

room (ER) and outpatient visits for C. difficile infection following flood events in 

Massachusetts from 2003 through 2007. Exposure status was based on whether or not a 

flood occurred prior to the case/control date during the following risk periods: 0–6 days,  

7–13 days, 14–20 days, and 21–27 days. Fixed-effects logistic regression was used to 

estimate the risk of diagnosis with C. difficile infection following a flood. There were  

129 flood events and 1575 diagnoses of C. difficile infection. Among working age adults 

(19–64 years), ER and outpatient visits for C. difficile infection were elevated during the  

7–13 days following a flood (Odds Ratio, OR = 1.69; 95% Confidence Interval, CI: 0.84, 

3.37). This association was more substantial among males (OR = 3.21; 95% CI:  

1.01–10.19). Associations during other risk periods were not observed (p < 0.05). 

Although we were unable to differentiate community-associated versus nosocomial 
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infections, a potential increase in C. difficile infections should be considered as more 

flooding is projected due to climate change. 

Keywords: epidemiology; Clostridium difficile; community-associated; flooding;  

case-crossover 

 

1. Introduction 

1.1. Clostridium Difficile 

Clostridium difficile is a spore-forming bacterium that can cause acute gastrointestinal symptoms 

(e.g., mild to moderate watery diarrhea, colitis without pseudomembrane formation, pseudomembranous 

colitis, fulminant colitis) [1]. It is considered the primary cause of nosocomial infectious diarrhea in 

the United States and other developed countries [2,3]. Since 2000, the rate of infection has 

continuously increased in the U.S., Canada, and Europe [1,4]. A 23% annual increase in U.S. 

hospitalizations for C. difficile-associated illness was detected from 2000 through 2005 [5].  

The hospital discharge rate for C. difficile infection increased from less than 150,000 cases per year in 

2000 to over 300,000 cases per year in 2006 [1,4]. As a result of mutations that increase the prevalence 

and virulence of the bacterium, infections have become more severe and difficult to treat [6,7]. In the 

U.S., there is no mandatory reporting of C. difficile infection; however, it is estimated that 

approximately 500,000 cases occur in U.S. hospitals and nursing homes per year [4,8]. In addition, 

15,000 to 20,000 deaths have been attributed to C. difficile infection in the U.S. each year [1,4].  

In 2009, data from the Healthcare Cost and Utilization Project revealed that 336,600 or nearly 1% of all 

U.S. hospital stays were related to C. difficile infection [9]. Of these, nearly a third had C. difficile 

infection as the principal diagnosis. 

1.2. Community Transmission 

C. difficile most often affects older adults who are hospitalized and receiving antimicrobial  

therapy [10,11]. However, the infection may also be community-associated, affecting otherwise 

healthy individuals who are not hospitalized or taking antibiotics [6,12–15]. In a random sample of 

Medicare beneficiaries, nearly half of those admitted with community-associated C. difficile had no 

recent antibiotic exposure [16]. Several studies have suggested an association between using proton 

pump inhibitors and increased risk for community-associated C. difficile infection [17,18]; however 

this association has been debated [19–21]. In a population-based study conducted in Minnesota, 41% 

of all C. difficile infections were community-associated [22]. These patients were generally younger, 

healthier, more likely to be female, and less likely to have a severe infection [22]. Therefore, reports of 

C. difficile infection among hospitalized patients may underestimate the burden of disease and 

overestimate severity [22–24]. Researchers investigating C. difficile infections in North Carolina 

concluded that 20% were community-associated and that the incidence rate was highest for middle-aged 

adults (45–64 years of age) and women [25]. Similarly, researchers in Sweden found that 22%–28% of 
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C. difficile cases were community-associated [26,27]. In 2010, 32% of all cases identified across eight 

surveillance sites in the U.S. were community-associated [28]. 

1.3. Transmission in the Environment 

Transmission of C. difficile occurs via the oral-fecal route [29,30]. If a symptomatic infected 

individual contaminates the surrounding environment, the infective spores can persist for several  

months [10]. The incubation period has been estimated at a median of 2 to 3 days, though it is not  

well-established [31]. The spores are resistant to heat and are resistant to some commonly used 

cleaning agents [32]. As a result, C. difficile can survive on surfaces for months and can be a 

continuous source of transmission in the absence of effective surface disinfection [33]. The persistence 

of the C. difficile may facilitate the spread of infection in the community [34]. 

People are potentially exposed to C. difficile exposure from multiple sources. Exposure to 

environmental reservoirs or sources of C. difficile such as food, air, water, and animals may play an 

important role in human infections [15,35,36]. C. difficile has been isolated from water samples 

collected from rivers, lakes, drainage channels, and the sea [29]. A diverse population of C. difficile 

has been observed in marine sediments, including isolates of ribotypes that have been associated with 

severe clinical infections [37]. In 2007, waterborne transmission of C. difficile spores was demonstrated 

after a drinking water distribution system in Finland was accidentally contaminated with sewage 

effluent from a municipal wastewater treatment plant [38]. 

1.4. Flooding and Gastrointestinal Infections 

Climate change has contributed to an increase in extreme weather events, including heavier  

rainfalls [39]. The northeastern part of the U.S. (e.g., Massachusetts to New Jersey) is particularly 

vulnerable to coastal flooding and the rise in sea level driven by climate change is projected to cause 

significant increases in storm surges [40]. As precipitation patterns change and heavier rainfall events 

occur, floods and droughts are likely to become more common and more intense [39,41,42].  

Heavy downpours can overload drainage systems and water treatment facilities, increasing the risk for 

waterborne diseases [39,43,44]. Figure 1 illustrates the chain of events that may occur after a flood 

which could facilitate the transmission of acute gastrointestinal infections. 

An increased incidence of gastrointestinal symptoms during a flood has been reported, as has an 

association between gastrointestinal symptoms and contact with floodwater [45]. In Massachusetts,  

an increased risk of visiting the emergency room for gastrointestinal symptoms has been reported 

during the first few days following a flood [46]. Of all emergency room visits for gastrointestinal 

symptoms during this period, an estimated 7% were attributable to flooding [46]. In an occupational 

cohort study of workers coming into contact with floodwater or sediment during a flood in 

Copenhagen, Denmark, diarrhea was the symptom of illness most frequently reported [47]. Also, 

during or shortly after a flood in Germany in 2002, individuals having direct contact with floodwater 

had an increased risk for diarrhea [48]. Aside from gastrointestinal illness, an increased risk of other 

disease outbreaks, such as hepatitis E and leptospirosis, have been observed after flood events [49].  

To date, the impact of flooding on C. difficile infections has not yet been evaluated. The main 
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objective of our study was to assess the impact of flooding on diagnoses of C. difficile infection at 

emergency room and outpatient settings in Massachusetts. 

 

Figure 1. How flooding can facilitate the transmission of acute gastrointestinal infections. 

2. Methods 

This study builds upon a recently published study that explored the association between flooding 

and emergency room (ER) visits for acute gastrointestinal illness, excluding C. difficile infection [46]. 

We use the same sources of data and we implement a similar case-crossover study design. 

2.1. Heath Care Visits for Intestinal Infection due to C. Difficile 

Massachusetts ER and hospital outpatient data were obtained for the years 2003 through 2007. 

Outpatient data included patients who received observation services and who were not admitted to the 

hospital. All data contained patient-level information, including town and zip code of residence, age, 

sex, diagnostic codes (International Classification of Disease, Version 9 Clinical Modification,  

ICD-9CM), and five associated diagnostic codes. Cases with primary or associated diagnosis of intestinal 

infection due to C. difficile were selected (ICD-9CM code 008.45). 

These health data from the State of Massachusetts, Division of Health Care Finance and Policy, are 

yearly databases compiled from quarterly hospital reports and collected by the State for administrative 

purposes. They are made available to the public through an application process and do not contain 

information that could be used to identify an individual; the data are considered anonymous. These 

data were determined exempt from Institutional Review Board evaluation by the U.S. Environmental 

Protection Agency’s Human Subjects Research Protocol Officer as they were not considered human 

subjects data under the Common Rule (40 CFR 26). 
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2.2. Flood Events 

Information on flood events occurring in the State of Massachusetts was obtained from the Storm 

Events Database maintained and compiled by the National Oceanic & Atmospheric Administration 

(NOAA), National Weather Service (http://www.ncdc.noaa.gov/stormevents/). Storms described with 

the event type “Flood”, which included “Coastal Floods”, “Flash Floods”, and related events were 

included in the analysis. Storms from December 2002 through January 2008 were included to allow for 

lagged and leading exposures for the health care visits and referent periods at the beginning and end of 

our five year study period. Information on floods included the start and end dates of the event and the 

location within a town (if available) or county. 

2.3. Study Design 

A case-crossover study design was used to assess the impact of flooding on ER and outpatient 

hospital visits for acute gastrointestinal illness due to C. difficile infection in Massachusetts. This type 

of study design is an efficient way to study transient exposures and acute health effects while 

controlling for fixed individual characteristics (e.g., sex, race) that do not vary with time [50].  

Cases served as their own controls at a different referent time period before and/or after the disease 

diagnosis. Referent days were selected using a time-stratified bi-directional approach that matched on 

town (or county) and day of week [51]. Matching on day of week controlled for patterns in health care 

use by day of week. Time was stratified into 32 periods of 59 days. One or two referent periods were 

selected 4 weeks before and/or after the case, depending on when in the 59-day time period the case 

visit occurred. Restricting the referent selection to 4 weeks before and/or after the case controlled for 

any distinct seasonal patterns in both acute gastrointestinal illness and precipitation. 

Exposure status was based on whether or not a flood occurred prior to the case/referent date during 

the following risk periods: 0–6 days, 7–13 days, 14–20 days, and 21–27 days. We allowed for 

extended risk periods (up to 27 days) to account for potential delays between the flood event, 

contamination of the environment, exposure, extended survival of spores (up to 70 days), and the 

median incubation period of the infection (2–3 days). Whenever possible, town was used to define 

exposure. When floods were described as county-wide, or no information was provided about the 

specific towns affected, all towns in the county were considered exposed. Health care visits were 

assigned to a town based on their ZIP code of residence and according to information from the U.S. 

Postal Service. 

2.4. Statistical Analysis 

Fixed-effects conditional logistic regression was used to estimate the risk of seeking health care for 

C. difficile infection following a flood. This type of regression model has been the standard for  

case-crossover studies [46,50,52,53] and it has also been shown to be unbiased when a time-stratified 

bi-directional approach is used for referent selection [51,54]. 

Results are reported as odds ratios (OR) and 95% confidence intervals (CI) and are interpreted as 

the relative increase in odds of diagnosis of C. difficile infection following a flood. The regression 

analysis was stratified by sex since community-associated C. difficile is reportedly more common 
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among women [18,22,25,55] and we hypothesized that potential exposure to floodwaters may also differ 

by sex. The analysis was also stratified by age group (19–64, ≥65 years) since we hypothesized that 

direct flood water exposure may differ among working age adults and the elderly. Data management and 

statistical analyses were conducted using Stata SE Version 12 [56] and conditional logistic regression 

models were fit using the xtlogit command. Graphics were produced in Microsoft Office 2013 [57] and 

ArcGIS Desktop 10.2.1 [58]. 

3. Results 

3.1. Health Care Visits for C. Difficile 

Over a five year period from 2003 through 2007, there were 1575 diagnoses of C. difficile infections 

during ER and outpatient visits in the state of Massachusetts. Of those, 65% (n = 1023) were ER visits 

and 35% (n = 552) were outpatient. Table 1 describes these diagnoses by patient demographics and time. 

There were more females (69% ER; 62% outpatient) and the mean and median age were 59 and 63 years, 

respectively. Of all diagnoses, 49% occurred among the elderly (≥65 years), 46% among working age 

adults (ages 19–64 years), and 5% among children/youth (≤18 years). The majority (87%) of patients 

were non-Hispanic white. Just over half (59%) of all visits had a primary diagnosis for intestinal 

infection due to C. difficile and a quarter of all visits (27% ER; 22% outpatient) occurred on the 

weekend. Diagnoses varied by season with more occurring during the spring (27%) and summer (27%) 

than during the fall (23%) and winter (23%). The total number of diagnoses generally increased over 

time, ranging from 16% in 2004 to 25% in 2006 (Table 1). 

Table 1. Diagnoses for Clostridium difficile at Massachusetts health care facilities during 

2003–2007. 

Diagnosis Characteristic 

Emergency Room (ER) Outpatient ER + Outpatient 

N = 1023 N = 552 N = 1575 

N % n % n % 

Sex 
Female 708 69.2 341 61.8 1049 66.6 
Male 315 30.8 211 38.2 526 33.4 

Age group 
Children (≤5 years) 21 2.1 21 3.8 42 2.7 
Youth (6–18 years) 26 2.5 17 3.1 43 2.7 

Working Age Adults (19–64 years) 470 45.9 256 46.4 726 46.1 
Elderly (≥65 years) 506 49.5 258 46.7 764 48.5 

Race/ethnicity 
Non-Hispanic White 893 87.3 477 86.4 1370 87.0 
Non-Hispanic Black 33 3.2 17 3.1 50 3.2 

Hispanic 36 3.5 15 2.7 51 3.2 
Other 17 1.7 10 1.8 27 1.7 

Missing/Unknown 44 4.3 33 6.0 77 4.9 

Primary diagnosis 597 58.4 338 61.2 935 59.4 

Weekend visit 276 27.0 120 21.7 396 25.1 
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Table 1. Cont. 

Diagnosis Characteristic 

Emergency Room (ER) Outpatient ER + Outpatient 
N = 1023 N = 552 N = 1575 

N % n % n % 

Season 
Fall 237 23.2 130 23.6 367 23.3 

Winter 218 21.3 137 24.8 355 22.5 
Spring 277 27.1 149 27.0 426 27.1 

Summer 291 28.5 136 24.6 427 27.1 

Year 
2003 174 17.0 86 15.6 260 16.5 
2004 164 16.0 84 15.2 248 15.8 
2005 190 18.6 126 22.8 316 20.1 
2006 251 24.5 138 25.0 389 24.7 
2007 244 23.9 118 21.4 362 23.0 

3.2. Flood Events 

There were 129 flood events recorded in the NOAA database during 2003 through 2007 for the 

entire state of Massachusetts. These flood events occurred most often in the summer and least often in 

the winter (Table 2). They varied by year, ranging from 8% in 2004 to 33% in 2006. Figure 2 shows 

the monthly occurrence of flooding and C. difficile diagnoses during the entire study period. 

Table 2. Flood events by season and year (N = 129). 

Number of Floods % 

Season 

Fall (September–November) 32 24.8 
Winter (December–February) 4 3.1 
Spring (March–May) 37 28.7 
Summer (June–August) 56 43.4 

Year 

2003 22 17.1 
2004 10 7.8 
2005 29 22.5 
2006 42 32.6 
2007 26 20.2 
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Figure 2. Flooding and Clostridium difficile diagnoses over time. 

3.3. Association between Flooding and Diagnoses of Clostridium Difficile 

We did not find an overall association between flooding and diagnosis of C. difficile infection 

diagnoses at health care facilities up to 27 days after flooding (Table 3). This remained the same after 

restricting to just the primary diagnoses. After stratifying by the predominant age groups (19–64 years; 

≥65 years), we noticed a slightly elevated odds ratio among working age adults (19–64 years) during 

the 7–13 day period after flooding (OR = 1.69; 95% CI: 0.84–3.37). 

Table 3. Association between flooding and diagnoses for Clostridium difficile at 

Massachusetts health care facilities. 

Emergency Room or 
Outpatient Diagnosis 1 

Number of 
Diagnoses 

0–6 Days 
after 

Flooding 

7–13 Days 
after 

Flooding 

14–20 Days 
after Flooding 

21–27 Days 
after Flooding 

OR 
(95% CI) 

OR 
(95% CI) 

OR 
(95% CI) 

OR 
(95% CI) 

Any C. difficile 1575 
0.91 

(0.54, 1.54) 
1.32 

(0.79, 2.20) 
0.79 

(0.50, 1.25) 
1.23 

(0.72, 2.09) 
Primary diagnosis of C. 

difficile 
935 

1.02 
(0.50, 2.08) 

1.23 
(0.65, 2.31) 

0.65 
(0.35, 1.22) 

1.42 
(0.71, 2.83) 

Any C. difficile, Working 
Age Adults 

(19–64 years) 
726 

1.22 
(0.60, 2.52) 

1.69 
(0.84, 3.37) 

0.76 
(0.39, 1.49) 

1.12 
(0.54, 2.33) 

Any C. difficile, Elderly 
(≥65 years) 

764 
0.66 

(0.29, 1.53) 
0.86 

(0.37, 1.99) 
0.76 

(0.40, 1.46) 
1.30 

(0.57, 2.96) 

Any C. difficile, Males 526 
1.03 

(0.43, 2.49) 
3.21 * 

(1.01, 10.19) 
0.60 

(0.28, 1.32) 
1.28 

(0.55, 2.97) 

Any C. difficile, Females 1049 
0.84 

(0.44, 1.63) 
1.00 

(0.55, 1.81) 
0.92 

(0.51, 1.63) 
1.20 

(0.60, 2.38) 

* p < 0.05. OR = Odds Ratio, 95% CI = 95% Confidence Interval; 1 Any diagnosis includes primary and 

associated diagnoses. 
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When we stratified the analyses by sex, we found that males were at an increased odds for diagnosis 

of C. difficile infection during the 7–13 day period after flooding (OR = 3.21; 95% CI: 1.01–10.19), 

compared to their referent periods (Table 3; Figure 3). Associations were not observed during other 

risk periods (0–6 days; 14–20 days; 21–27 days). Similar results for the 7–13 day risk period were 

found among males with only a primary diagnosis of infection (OR = 4.00; 95% CI: 1.09–14.70) and 

among working age adult males between the ages of 19 and 64 years (OR = 8.62; 95% CI:  

1.05–71.00). Elderly males, however, did not have a statistically significant association (OR = 1.47; 

95% CI: 0.33–6.66). There were no apparent associations among females for any risk period after 

flooding (Table 3; Figure 3). 

 

Figure 3. Association between flooding and health care visits for Clostridium difficile, by sex. 

4. Discussion 

Using ER and hospital outpatient data from 2003 through 2007 for the entire state of Massachusetts, 

we found that males had an increased risk for diagnosis of C. difficile infection during the 7–13 day 

period after a flood event. This association remained among subsets of males, including working age 

adults between the ages of 19 and 64 and those with a primary diagnosis of C. difficile infection.  

We did not observe any other associations (e.g., during other risk periods, among females, overall) for 

diagnosis of C. difficile infections up to 27 days after flooding. 

Finding a significant effect among males during the 7–13 day period after flooding seems plausible 

given the potential for long term survival of C. difficile spores in the environment and the median 

incubation period for C. difficile infection of 2–3 days after exposure. Since C. difficile spores are 

persistent [11,31], it is reasonable to think that infective spores could survive through a flood event and 

spread in the environment (e.g., food, water, air). After C. difficile enters the environment through 

flooding, it might take additional time to diagnosis. Only after ingestion can the spores germinate in 

the colon [59,60]. Considering the incubation period [31], it might be well over a week before an 

individual becomes symptomatic and seeks health care. 

4.1. Differences by Sex 

Although we only found an association with floods among males during the 7–13 day period after 

flooding, overall, health care visits for C. difficile infection were more common among females (67%). 

This is consistent with previous studies that have shown that community-associated C. difficile 
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infections are more common in females [18,22,25,55]. One theory explaining this relates to more 

mothers than fathers regularly changing diapers of babies carrying C. difficile [15,61]. In terms of 

flooding, however, males may engage in more direct flood-associated labor [47,62], thereby receiving 

more contact with pathogens (e.g., C. difficile) and other potentially infective material in floodwaters 

or dried airborne debris containing infective spores. Heavy cleanup activities after the hurricanes in 

Louisiana in 2005 included power washing, removing drywall or carpeting, and moving furniture [63]. 

The difference in the observed effect between males and females may reflect differences in 

behavioral responses to floods by sex [64], meaning each gender overall may have differing degrees of 

flood water exposure or exposure to the recently flooded environment. Unfortunately, we did not have 

information about individual behaviors or activities to further specify degrees of flood exposure in our 

models. We also did not have occupational data to examine the risk of flood events among specific 

groups, such as sanitation/sewer workers or daycare workers, who may be more highly exposed to 

potentially infective material. After Hurricane Katrina in 2005, 80% of the relief workers injured were 

male [65]. Similarly, 84% of fatal work injuries caused by flooding in the U.S. between 1992 and 2006 

occurred in males [66]. In an occupational cohort study in Copenhagen, Denmark, workers coming 

into contact with floodwater/sediment were predominantly males (87%) [47]. The proportions of 

floodwater-exposed workers experiencing subsequent illness, however, were similar (21% male; 24% 

female) [47]. Similarly, patients seen by a disaster medical assistance team following natural disasters 

in the U.S. did not differ greatly by sex, with 51% being female [67]. In contrast to our results,  

the risk for diarrhea was greater among women than among men during or shortly after a flood in 

Germany [48]. 

4.2. Age Group 

Community-associated C. difficile infections, as opposed to nosocomial infections, often affects 

otherwise healthy individuals who are not hospitalized or taking antibiotics [6,12–15]. Among all ER 

and outpatient diagnoses of C. difficile infection in our study, 46% were among working age adults  

(19–64 years) and 49% were among the elderly (≥65 years). The significantly increased odds of 

diagnosed C. difficile infection observed among all males during the 7–13 day period after flooding 

(OR = 3.21; 95% CI: 1.01, 10.19) was further strengthened (although less precise) among working age 

adult males (n = 234; OR = 8.62; 95% CI: 1.05, 71.00). However, the statistically significant 

association (p < 0.05) of C. difficile infection with floods did not remain among elderly males  

(n = 255; OR = 1.47; 95% CI: 0.33–6.66). This could be due to differences in flood exposure between 

working age adult and elderly males. It seems plausible that working age adults would have more 

direct flood involvement than the elderly during cleanup activities and everyday activities (e.g., going 

to work, running errands). After Hurricane Katrina in 2005, over 70% of injuries among residents and 

relief workers occurred among those between the ages of 15 to 64 years and only 11% occurred among 

the elderly (≥65 years) [65]. 
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4.3. Study Strengths and Limitations 

Since there is currently no mandatory reporting of C. difficile infection in the U.S. [68], there are 

challenges to estimating incidence of infection within populations. Our analysis was able to take 

advantage of daily and town-level data for C. difficile diagnoses and flooding. By using ICD-9 

diagnostic codes, we were able to identify C. difficile infections in a way that could be replicated at 

other hospitals and healthcare facilities [68]. Dubberke et al. (2006) report that diagnostic codes 

correlate well with C. difficile-toxin assay results (sensitivity 78%, specificity 99.7%) [68]. As with 

any administrative database, a limitation is that only a subset of C. difficile infections are ascertained 

since among some infected individuals, symptoms may not be severe enough to require immediate 

medical attention. Without capturing the less severe infections, we may have underestimated any true 

association between flooding and C. difficile infection. 

Although C. difficile often affects older adults who are hospitalized and receiving antimicrobial 

therapy, some of the cases in our study (especially the 46.1% of working age adults) could represent 

community-associated infections since they were diagnosed at the time of their ER or outpatient visit 

versus during a hospitalization. In our study, however, we were unable to differentiate between 

community-associated and nosocomial infections. We cannot evaluate the role of established risk 

factors for infection since we do not have individual information on previous hospitalizations, 

residence at nursing home or long term care facility, or use of antibiotic and over-the-counter drugs. 

Also, depending on the severity of the flood, it is even possible that affected residents were provided 

antibiotics to care for physical wounds sustained from their clean-up efforts [67]. Nevertheless, given 

the persistence of C. difficile [34] and its ability to be transmitted in water [38], it is plausible that 

people were exposed to C. difficile directly or indirectly via contaminated floodwaters. For example, 

one route of potential exposure is for healthcare workers and visitors to contaminate healthcare 

facilities (e.g., hospitals, nursing homes, long term care facility) with pathogens carried in from the 

external environment [69,70]. 

Our case-crossover study design controlled for individual characteristics that do not vary during the 

59 day stratified time periods used for referent selection. These characteristics include sex, race, age, 

socioeconomic status, and any underlying health conditions. Although diagnoses varied by season, 

with more occurring during the warmer months, the differences were small (<5%). As a result, selecting 

referent periods 4 weeks before and/or after the C. difficile diagnosis should adequately control of any 

potential confounding by seasonality. By matching referent days on the day of week, we accounted for 

potential differences in health care seeking behaviors by day. We used a time-stratified approach to 

referent selection in order to avoid overlap bias and time trend bias in the exposure [51,54]. A limitation 

to our referent selection was that, without personally identifiable information, we could not confirm 

that a case did not have a different ER or outpatient visit during his/her referent period. We expect 

these cases to have been rare and that any resulting misclassification would be random in relation to 

flooding exposure and would therefore not result in a systematic bias of the results. We made 

assumptions regarding lags and incubation periods for this study, and as a result, we may have missed 

flood-associated C. difficile diagnoses that occurred longer than 27 days after a flood. 

A limitation to our flood definition is that all flood events were treated equally. We did not have 

detailed enough information from the Storm Events Database to consider the severity or type of flood. 
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Also, due to the study design, we only accounted for the onset (start date) of flooding and not the 

duration. The majority (n = 102; 79%) of floods, however, lasted only 1 day. Another limitation to our 

flood definition was that, for the flood events that were deemed county-wide or else missing 

information about affected towns, we had to assign all towns in the county as exposed. This could have 

resulted in non-differential exposure misclassification, which would have the effect of biasing our 

estimates towards the null thereby reducing the magnitude of the association between flooding and 

diagnosis of C. difficile infection. However, for the majority of flood events (n = 91; 71%), we had 

town-level information. 

Although we observed an elevated risk of C. difficile infection among males after flooding, the 

small number of cases in the stratified groups (e.g., 315 males with a primary diagnosis; 234 working 

age adult males) decreased the precision of the effect estimates. Relatively few cases and a small effect 

size could have made any other association (e.g., during other lag periods, among other subpopulations), 

if present, difficult to identify. 

5. Conclusions 

This study used Massachusetts ER and hospital outpatient data to evaluate diagnosis of C. difficile 

infection following flood events. Our results suggest that males may be at an increased risk for  

C. difficile infection during the 7–13 day period following flood events. This association should be 

considered when flooding causes environmental contamination. We did not observe any other 

associations (e.g., during other risk periods, among females, overall) for C. difficile infections up to  

27 days after a flood. With more floods events projected to occur in the future as a result of climate 

change, a small increased risk in C. difficile infections may become more important as larger numbers 

of people are exposed to flood waters and recently flooded environments. 
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