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Abstract

Background: When a water pipe breaks, contaminants can enter the drinking water system and
cause waterborne illnesses such as acute gastrointestinal illness. In May 2010, a major water
pipe broke near Boston, Massachusetts, and a boil water order was issued to nearly two million
residents.

Methods: Using a case-crossover study design, we examined the association between the water
pipe break and subsequent emergency department visits for acute gastrointestinal illness. We
identified cases of illness according to ICD-9-CM diagnosis codes and selected control dates two
weeks before and after each case. We estimated the risk of visiting the emergency department
during the 0-3 and 4-7 days following the water pipe break using conditional logistic regression
models.

Results: Our analysis included 5,726 emergency department visits for acute gastrointestinal
illness from April 3, 2010 through June 5, 2010. Overall, there was a 1.25-fold increased odds
for visiting the emergency department for acute gastrointestinal illness during the 0-3 days after
the water pipe break (Odds Ratio, OR=1.25; 95% Confidence Interval, Cl: 1.11-1.41) compared
to referent dates selected two weeks before and after. During the 4-7 days after the break, the
association diminished overall (OR=1.09; 95% CI: 0.96-1.23). However, in communities over 12
miles from the break, the 4—7 day association was elevated (OR= 1.39; 95% CI: 1.10, 1.75).

Conclusion: This study suggests that a major water pipe break was associated with emergency
department visits for acute gastrointestinal illness, particularly during the 0-3 days after the break,
when a boil water order was in effect.
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Introduction

On the morning of Saturday, May 1, 2010, a major water pipe broke near Boston,
Massachusetts, releasing millions of gallons of water and disrupting the drinking water
supply for nearly two million residents.1-2 Specifically, a coupling that secured segments of a
10-foot diameter water pipe broke along a major distribution line serving the greater Boston
area.l By the late afternoon, Massachusetts Governor Deval Patrick issued a boil water
order for the City of Boston and 29 nearby communities (Figure 1) and declared a state of
emergency.13 Affected residents were instructed to boil their water prior to consumption
through several modes of communication including the local media (e.g., radio, television,
local papers), reverse 911 calls or texts, and highway signs.1# In some communities,
emergency officials drove through neighborhoods using bullhorns and loudspeakers to
inform residents.1# Within a week of the pipe break, a survey conducted in waiting rooms
at Boston Medical Center revealed that the most common ways of learning about the boil
water order were by word of mouth, television, and telephone/cellphone calls.> By the early
morning of May 41", the boil water order had been lifted for all affected communities.

Water pipe breaks are a public health concern because they can cause a rapid change

in water pressure and allow contaminants from the surrounding environment to enter the
distribution system through openings such as leakage points, submerged air valves, and
faulty seals.5-10 Depending on the physical condition of the distribution network, abrupt
changes in water pressure following a pipe break can lead to the intrusion of contaminants
throughout the network, not just at the location of the pipe break.10 Fecal indicator bacteria
and culturable human viruses have been detected in the soil and water external to drinking
water pipelines, thus creating the potential for them to enter the water system during a
negative pressure event.%11 Intestinal parasites (e.g., Cryptosporidium, Giardia) have also
been found in soil and could enter the water system.12:13

An estimated 240,000 water main breaks occur each year, wasting over two trillion gallons
of treated drinking water.14 From 2012 to 2017, Folkman (2018) reported that overall main
break rates increased by 27% in the United States and Canada.1® Regardless of factors such
as pipe age, pipe material, weather (i.e., extreme cold, droughts), and soil types, main breaks
are a concern in all types of water systems.15.16

Several studies have reported an association between tap water consumption in faulty
distribution networks and gastrointestinal illness.1” In the United States, Shortridge et al.
(2014) found an association between the number of pipe breaks and the internet search
volume for symptoms of gastrointestinal illness.18 In the United Kingdom, Hunter et al.
(2005) suggested that up to 15% of gastrointestinal illness in the general population could

be related to drinking water contaminated by low water pressure events such as a burst

water pipe.19 In Norway, Nygard et al. (2007) observed that reports of gastrointestinal illness
increased during the week after the occurrence of main breaks or maintenance work on the
water distribution system.20

Few epidemiology studies have explicitly studied how distribution failure events may
contribute to the occurrence of waterborne illnesses.® The major water pipe break near
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Boston in May 2010 provided an opportunity to study this using existing healthcare data.
The aim of this analysis was to estimate the association between the pipe break and the risk
for visiting the emergency department for acute gastrointestinal illness.

Study Population

Approximately two million residents living in 30 Boston metropolitan communities were
affected by the boil water order and considered exposed to the water pipe break.124 Figure
1 highlights these communities, which included Arlington, Belmont, Boston, Brookline,
Canton, Chelsea, Everett, Hanscom Air Force Base, Lexington, Lynnfield, Malden,
Marblehead, Medford, Melrose, Milton, Nahant, Newton, Norwood, Quincy, Reading,
Revere, Saugus, Somerville, Stoneham, Swampscott, Wakefield, Waltham, Watertown,
Winchester, and Winthrop. These communities were located approximately 3 to 23 miles
from the water pipe break.

Negative Control Exposure

In a separate analysis, communities unaffected by the pipe break and subsequent boil
water order served as a negative control to assess whether acute gastrointestinal illness also
increased at the time of the event.2! Communities receiving water unaffected by the pipe
break were selected as a negative control exposure if they were 1) located in relatively
close proximity (<40 miles) of the break and 2) had a Census population of at least 40,000
residents to ensure a sample size comparable to the truly exposed communities. These
communities included Attleboro, Billerica, Brockton, Cambridge, Framingham, Haverhill,
Lawrence, Lowell, Lynn, Methuen, Peabody, Salem, Taunton, Weymouth, and Worcester.
Figure 1 highlights these 15 communities serving as negative controls. These communities
were located approximately 7 to 31 miles away from the water pipe break.

Emergency Department Visits for Acute Gastrointestinal Illiness

Acute gastrointestinal illness is often the most common recognizable health endpoint
following infection with waterborne pathogens.22:23 Incubation periods can vary by type
of pathogen — from less than a day for some viruses (e.g., norovirus) to a few days for
some bacteria (e.g., Campylobacter).?*2> Some parasites (e.q., Cryptosporidium, Giardia)
have a longer incubation period on average (~7 days), though it can range from a day to
two weeks.26-28 These different types of pathogens often cause similar symptoms such

as diarrhea, vomiting, nausea, and cramps.22:23 Acute gastrointestinal illness is also a
convenient measure because it does not usually require any sample collection or analytical
test.22 Acute gastrointestinal illness was defined using the primary and five associated
diagnosis codes (International Classification of Disease, Version 9 Clinical Modification,
ICD-9-CM). Several prior studies assessing drinking water quality and gastrointestinal
iliness have used ICD-9-CM codes.2%-32 Building on what has been used in the literature,
the following ICD-9-CM diagnosis codes were used to define acute gastrointestinal illness:
001-009.9 (intestinal infectious diseases); 558.9 (other and unspecified noninfectious
gastroenteritis and colitis); 787.01 (nausea with vomiting); 787.03 (vomiting alone); and
787.91 (diarrhea).
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Emergency department data, including hospital outpatient data, were obtained from the
Commonwealth of Massachusetts Center for Health Information and Analysis for the

year 2010. Emergency department data included visits to emergency departments in
Massachusetts’ acute care hospitals and satellite emergency facilities. Hospital outpatient
data included patients who received observation services but were not admitted to the
hospital. Patients receiving observation services are usually transferred from the emergency
department, though they are not included in the emergency department database to avoid
duplicate reporting.33-35 Only 6% of the persons with acute gastrointestinal illness were
diagnosed during hospital outpatient visits.

Massachusetts hospitals are required to file emergency department visit data for
administrative purposes. These data do not contain any personally identifiable information
and were therefore determined exempt from Institutional Review Board evaluation by the
Office of Human Research Ethics at the University of North Carolina at Chapel Hill, as well
as the U.S. Environmental Protection Agency’s Human Subjects Research Protocol Officer.

Pipe Break Exposure

Pipe break exposure was based on the community of residence reported at the emergency
department visit. It was hypothesized that any emergency department visit for acute
gastrointestinal illness caused by the water pipe break would occur within a week of the
break. Despite the magnitude of the situation, the broken pipe was repaired in less than

two days and the boil water order was lifted within 3 days. The one-week hazard period
encompassed the time it would take for contaminated water to enter the distribution system
and reach the consumer, the pathogen incubation period, and the time for an affected

person to visit the emergency department. The hazard period was examined as two mutually
exclusive intervals, which were defined a priori: 0-3 days and 4—7 days. The 0-3 day

period encompassed the duration of the boil water order. The day of the water pipe break
(day 0) was included because the water pipe break occurred in the morning and the boil
water order was not issued until late in the afternoon.! In addition, contamination may have
occurred prior to the actual pipe break if there were any pressure fluctuations due to the pipe
becoming compromised.19 The later 4-7-day hazard period accounted for a longer time lag
from the pipe break to account for water distribution time, and resident exposure, infection,
onset of acute gastrointestinal symptoms, and visiting the emergency department. The length
of these hazard periods was optimal for capturing the effect of pathogens with an incubation
period of no more than a few days.

Statistical Analysis

A case-crossover study design was used to examine the association between the major water
pipe break and acute gastrointestinal illness. This type of study design, in which patients of
interest effectively serve as their own control at different point(s) in time, was applicable
because the water pipe break was a brief exposure with potentially transient effects on
gastrointestinal illness.36:37 Specifically, the pipe break was fixed within two days and the
onset of gastrointestinal illness, if any, was expected to be rapid and short-lived.1:22:36
Control times were selected bidirectionally, two weeks before and two weeks after the pipe
break.38:3% By having patients with acute gastrointestinal illness essentially serve as their
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own control, the self-matching design eliminated confounding by individual characteristics
that do not vary over a short time period, such as sex, race, and socioeconomic status.36:40
Selecting control times on the same day of week as the case time controlled for any
confounding due to day of week.38 Also, the two week gap between case and control

times ensured that exposure during the 0-3 and 4-7 day hazard periods was independent
of exposure during the control period, thus preventing any autocorrelation between case
and control periods.*0 See eFigure 1, which illustrates how controls were selected and how
exposure was assigned.

Conditional fixed-effects logistic regression models were used to estimate the risk of visiting
the emergency department for acute gastrointestinal illness following the pipe break. This
type of regression model is the standard for case-crossover studies.3” Only case-control
groups with discordant exposures contribute information to the analysis; therefore, this
analysis was confined to a 64-day period (April 3, 2010 through June 5, 2010) based on

all possible discordant exposure scenarios.*? Results are reported as odds ratios (OR) and
95% confidence intervals (Cl) and interpreted as the relative increase in odds of visiting the
emergency department for acute gastrointestinal illness after the water pipe break.

The analysis was also stratified by potential effect modifiers. Age and sex were

considered potential effect modifiers due to possible differences in immune status, risk

for gastrointestinal illness, and drinking water intake.#1~43 In addition, the analysis was
stratified by the median distance (12 miles) from the pipe break to the centroid of

each community in order to examine whether closer communities were impacted earlier,

or more severely, than more distant communities. A sensitivity analysis in which acute
gastrointestinal illness was defined based on only the primary diagnosis code was conducted
to examine the robustness of results. Lastly, attributable fractions and population attributable
fractions were calculated using a case-based approach described by Hanley.** This
approach uses the attributable fraction in the exposed (approximated by (OR-1)/OR because
emergency department visits for acute gastrointestinal illness are rare) and the case fraction
(number of exposed cases divided by the overall number of cases). Data management and
statistical analyses were conducted using Stata SE Version 13 and the xt/ogit command was
used to fit the conditional logistic regression models.

Among residents of the 30 communities affected by the water pipe break, there were 5,726
emergency department visits with at least one diagnosis code for acute gastrointestinal
illness during the study period (April 3, 2010 through June 5, 2010). Over half (h=2,960;
52%) had a primary diagnosis of an acute gastrointestinal symptom. The majority (79%) of
all visits were among adults (19-64 years) and young children (<5 years) and there were
slightly more females (n=3,410; 60%) than males. The most common diagnosis codes were
for vomiting (n=3,652), followed by diarrhea (n=1,795), other and unspecified noninfectious
gastroenteritis and colitis (n=1,005), and intestinal infectious diseases (n=381). Table 1
summarizes characteristics of emergency department visits for acute gastrointestinal illness
in the communities affected by the pipe break; the table also reports the same characteristics
in the communities selected as the negative control. Figure 2 depicts the total number of
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patients with acute gastrointestinal illness by day in the communities affected by the pipe
break.

There was a 1.25-fold increased odds for visiting the emergency department for acute
gastrointestinal illness during the 0-3 days after the pipe break (OR=1.25; 95% CI: 1.11—
1.41; Table 2). When day 0 was excluded, results were similar (OR=1.33; 95% CI: 1.18-
1.49). This association was of a smaller magnitude during the 4-7 day hazard period
(OR=1.09; 95% CI: 0.96-1.23). The associations were similar in males and females. When
the analysis was restricted to visits with a primary diagnosis for acute gastrointestinal illness,
the association remained similar as when using all diagnosis codes for both the 0-3 day
hazard period (OR=1.29; 95% CI: 1.10-1.51) and the 4—7 day hazard period (OR=1.09;
95% CI: 0.91-1.30).

As shown in Table 2, the increased odds for visiting the emergency department during

the 0-3 days after the water pipe break was consistent across all age groups except the
elderly (=65 years). The elderly, however, did have an elevated odds ratio during the 4-7
day hazard period (OR=1.47; 95% CI: 0.99-2.16). Similarly, the odds ratio among youth/
adolescents (6-18 years) was elevated during the 4—7 day hazard periods (OR=1.31; 95%
Cl: 0.90-1.92). Due to fewer visits among these age groups, results were more imprecise for
the elderly and youth/adolescents.

The communities less than the median distance (<12 miles) away from the water pipe
break were at a 1.32-fold increased odds for visiting the emergency department for acute
gastrointestinal illness during the 0-3 day hazard period (OR=1.32; 95% ClI: 1.15-1.51) but
not during the 4-7 day hazard period (OR=0.98; 95% CI: 0.84-1.14). To assess if this was
due to disproportionate effects of Boston’s large population, a sensitivity analysis excluding
Boston was conducted and the association remained (OR=1.38; 95% CI: 1.13-1.70). For
the communities over 12 miles from the break, there was no association during the 0-3 day
hazard period (OR=1.07; 95% CI: 0.84-1.36); however, there was an elevated odds ratio
during the 4—7 day hazard period (OR=1.39; 95% CI: 1.10-1.75).

In a separate analysis using the negative control exposure, there was a 1.09-fold increased
odds for visiting the emergency department for acute gastrointestinal illness during the 0-3
day hazard period (OR=1.09; 95% CI: 0.95-1.24). There was no association during the 4-7
day hazard period (OR=0.89; 95% CI: 0.77-1.03).

Based on the overall association (OR=1.25), the attributable fraction in the exposed was
20% ((1.25-1)/1.25=0.20), meaning almost a quarter of emergency department visits for
acute gastrointestinal illness 03 days after the pipe break could be attributed to the
break. Using the proportion of emergency department visits that occurred 0-3 days after
the break (451/5,762=0.08), the population attributable fraction was approximately 2%
(0.08*0.20=0.02).
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Discussion

Water pipe break and acute gastrointestinal illness

The major water pipe break in May 2010 provided the opportunity to investigate the
association between a water pipe break and emergency department visits for acute
gastrointestinal illness. Citing a personal communication from July 2010 with the
Massachusetts Department of Public Health (MA DPH), Wang et al. (2011) mentioned

that the MA DPH did not observe a notable rise in disease reports after the break.> The
present study, however, found an increased risk for visiting the emergency department for
gastrointestinal illness during the week after the pipe break. This association was strongest
during the immediate 0-3 days after the break when the boil water order was in effect. Since
emergency department visits for acute gastrointestinal illness are rare, the 20% attributable
fraction during the 0-3 days after the pipe break amounts to only 90 excess cases of illness
in the 30 affected communities (0.20*451=90). This increased risk was further supported by
a negative control exposure yielding diminished or null effects.

Age did not appear to modify the risk of visiting the emergency department for acute
gastrointestinal illness after the water pipe break. The most apparent differences were among
the youth/adolescents (6—18 years) and elderly (=65 years), which both yielded higher odds
ratios during the 4—7 day hazard period. However, these age groups had fewer emergency
department visits so results were more imprecise. Consequently, there was not enough
evidence to make any meaningful conclusions regarding age modification.

When the analysis was stratified by distance from the water pipe break, the closer
communities (i.e., those less than 12 miles away) were at an increased risk for visiting

the emergency department for acute gastrointestinal illness during the 0-3 day hazard period
(OR=1.32; 95% CI: 1.15-1.51). In the further communities (>12 miles away), there was no
association during the 0-3 day hazard period; however, there was an increased risk during
the 4-7 day hazard period (OR=1.39; 95% CI: 1.10-1.75).

This may demonstrate a delayed effect reflecting the additional time it takes distributed
water to reach these areas.

This study may have underestimated the impact of the pipe break on the burden of acute
gastrointestinal illness because emergency department visits only capture the most severe
cases of illness requiring immediate medical attention. Since emergency department visits
for acute gastrointestinal illness are rare to begin with, it is understandable that the state
health department did not observe a substantial increase in reports of acute gastrointestinal
illness after the break. Shortridge et al. (2014) provided support that distribution system
disturbances may increase mild cases of gastrointestinal illness that do not necessitate a
doctor’s visit.1® In Sweden, Tornevi et al. (2013) found an increase in nurse advice calls
relating to gastrointestinal illness after precipitation upstream of a drinking water utility.4
Unfortunately, the administrative data used in this study lacks the information necessary to
capture such mild cases of gastrointestinal illness. In addition, without routine cultures being
performed, the non-specific definition of gastrointestinal illness may dilute associations due
to etiologies unrelated to the pipe break. In order to theoretically increase specificity and
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reduce potential misclassification, gastrointestinal illness was also defined based on only
the primary diagnosis code though results did not change (Table 2). Nevertheless, a small
increase in risk could have a substantial public health impact, particularly when a large
community is affected or among sensitive sub-groups.

This study adds to the existing literature on how disturbances in the drinking water
system may play a role in disease transmission in the U.S. Aside from community-wide
water emergencies, wet weather events (e.g., precipitation, flooding) have also been
associated with increased gastrointestinal illness.17:31:32.47-50 |n addition, water pipes can
become vulnerable with aging infrastructures and extreme temperature fluctuations.16:51
Understanding the different risk factors involved can help water utilities and health
departments establish and improve preparedness and response plans.

Although it is also possible that the boil water order and widespread media attention
increased the rate of emergency department visits for psychosomatic illnesses, residents
were explicitly told not to panic if they drank water before boiling and to call their doctor
rather than visit the emergency room if they had any gastrointestinal symptoms.! The Boston
Mayor’s 24-hour hotline had a scripted response for concerned residents:

“Please do not go to an emergency room unless you are seriously ill and/or have
been advised by your health care provider to seek immediate care. Please do not
go to an emergency room to be checked out because you drank tap water and are
concerned. There is no testing that can be done at emergency rooms for patients
who are not in need of emergency care.”!

Water exposure after pipe break

A strength of this analysis was that the pipe break and subsequent boil order were clearly
defined events that help determine exposure to potential water contamination. Estimating
the association between drinking water contamination and risk of illness is difficult due

to the many assumptions that have to be made.%:52 For example, a contamination event is
contingent on a sequence of events, from the occurrence of an adverse pressure condition, to
the presence of an outside contamination source, to the availability of an external pathway
for contamination.®:52 In addition, population exposure depends on factors such as the type
and concentration of pathogen entering the system and then reaching the consumers’ taps,
the duration and magnitude of contamination, and the consumers’ drinking habits.?-52

While the pipe was being repaired, water pressure had to be maintained throughout the
system in order to sustain sanitation needs (e.g., flushing toilets), to keep up with fire
protection requirements, and to prevent contamination from backflow.! As a result, the
distribution system was reconfigured to use backup water supplies treated only with
emergency chlorination.! This meant that water was always available at the tap and
uninformed or preoccupied residents could easily consume it without first boiling it.
Furthermore, the boil water order focused on direct ingestion through eating and drinking.!
Exposure through other pathways was still possible, such as through bathing/showering.
Despite aggressive efforts to inform the public about the boil water order, there would
inevitably be residents who do not get the message in time.1# A survey conducted the week
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after the pipe break among a convenience sample (n=533) at Boston Medical Center found
that 97% were aware of the order.> However, the authors estimated that 34% of those who
lived in affected communities were potentially exposed to contaminated water.® Potential
exposure was defined according to three criteria: 1) awareness of the order; 2) timing of
receipt of the message; and 3) action taken upon receipt of the message.®

Due to the large number of water samples that needed to be tested (over 800 each day),
only presence/absence tests were performed for the fecal indicator bacteria, total coliform
and £. coli' The water authority claimed that, according to samples taken from throughout
the affected area, the water quality was not atypical for a normal day at that time of year
with only a few samples testing positive for total coliform and none testing positive for

E. coli:1>3 However, due to the logistics of responding to the break, water samples were
not collected on the day of the break.! There are numerous potential pathogens in the
environment and in untreated water that can contaminate drinking water supplies under
conditions such as a distribution system failure.22:54 The association during the 0-3 day
period after the break suggests that the pathogens involved had a short incubation period
(e.g., enteric viruses). Since the backup water supplies were treated only with chlorine,
parasites like cryptosporidium could be a concern since their outer shell can protect them
from chlorine disinfection.26 Apart from the ineffectiveness of chlorine treatment for some
parasites in the backup water supplies, those parasites may also be present in the soil
surrounding the distribution pipes and could infiltrate the system when the pressure initially
drops.12.13 Given that parasites generally have a longer incubation period (2-10 days), it is
possible that the slightly elevated association during the 4—7 day hazard period (OR=1.09;
95% CI: 0.96-1.23) was driven by parasitic infections.26:28 Unfortunately, a limitation of the
case-crossover study design is the inability to examine longer incubation periods and still
control for seasonality.372°

A limitation of this study is that exposure was based on community of residence even though
people likely commute to other communities for work and other activities. This would

result in some mixing and misclassification of exposure. However, since the pipe break
occurred on a Saturday, fewer people would be commuting to work or school. In the survey
study conducted within a week of the break, the majority (>75%) of potentially exposed
respondents learned about the boil water order after dinner on Saturday or else on Sunday.®
Aside from not knowing the exact location of exposure, information on individual water
consumption, such as bottled water use and in-home filter use, was unavailable.

Conclusion

This study provides evidence for an association between a recent major water pipe break
and acute gastrointestinal illness in the United States. Understanding the health implications
of water pipe breaks will help inform public health prevention and response plans. This

is especially pertinent as drinking water systems age and the likelihood of pipe breaks
increases.%6:57
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Figure 1.
Massachusetts communities studied in relation to the 2010 water pipe break.
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Table 1.

Descriptive summary of emergency department visits for acute gastrointestinal illness (April 3, 2010 - June 5,
2010).

Communities serving as negative control exposure

Communities affected by pipe break (n=30) (n=15)
N % N %
Total 5,726 100% 4,975 100%
Type of Visit
Emergency Department 5,373 94% 4,674 94%
Hospital Outpatient™ 353 6% 301 6%
Primary Diagnosis 2,960 52% 2,600 52%
Age
Children (<5 yrs) 1,189 21% 1,156 23%
Youth/Adolescents (6-18 yrs) 674 12% 689 14%
Adults (19-64 yrs) 3,336 58% 2,794 56%
Elderly (=65 yrs) 527 9% 336 7%
Sex
Female 3,410 60% 3,004 60%
Male 2,316 40% 1,971 40%
Race
White 2,881 50% 2,420 49%
Black 1,126 20% 485 10%
Hispanic 1,042 18% 1,436 29%
Other 565 10% 579 12%
Missing 112 2% 55 1%

a . . S . . . . . .
Hospital outpatient visits included patients who received observation services but were not admitted to the hospital.
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Association between the major water pipe break and emergency department visits for acute gastrointestinal

illness in Boston metropolitan communities.

Number of visits

QOdds Ratio (95% Confidence Interval)

0-3 days after pipe break  4-7 days after pipe break

Acute Gastrointestinal Illness

Among Young Children (<5 years)

Among Youth/Adolescents (6-18 years)

Among Adults (19-64 years)

Among Elderly (=65 years)

Among Females

Among Males

Among Residents Living <12 miles from the break

Among Residents Living >12 miles from the break

Any Primary Diagnosis for Acute Gastrointestinal Iliness

5,726

1,189

674

3,336

527

3,410

2,316

4,212

1,514

2,960

1.25

(1.11, 1.42)
131
(1.02, 1.68)
1.46
(1.05, 2.02)
1.27
(1.09, 1.48)
0.76
(0.49, 1.20)
1.22
(1.05, 1.43)
1.29
(1.08, 1.55)
1.32
(1.15, 1.51)
1.07
(0.84, 1.36)
1.29
(1.10, 1.51)

1.09

(0.96, 1.23)
0.96
(0.72,1.27)
131
(0.90, 1.92)
1.04
(0.88, 1.23)
1.47
(0.99, 2.16)
1.01
(0.86, 1.19)
121
(0.99, 1.47)
0.98
(0.84,1.14)
1.39
(1.10, 1.75)
1.09
(0.91, 1.30)

*
Primary and associated diagnoses

Epidemiology. Author manuscript; available in PMC 2023 October 30.



	Abstract
	Introduction
	Methods
	Study Population
	Negative Control Exposure
	Emergency Department Visits for Acute Gastrointestinal Illness
	Pipe Break Exposure
	Statistical Analysis

	Results
	Discussion
	Water pipe break and acute gastrointestinal illness
	Water exposure after pipe break

	Conclusion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

