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In September 2021, eight campylobacteriosis cases
were identified in a town in Nebraska, USA. We as-
sessed potential exposures for a case—control analysis.
We conducted whole-genome sequencing on Campylo-
bacter isolates from patients’ stool specimens. We col-
lected large-volume dead-end ultrafiltration water sam-
ples for Campylobacter and microbial source tracking
testing at the Centers for Disease Control and Preven-
tion. We identified 64 cases in 2 waves of illnesses. Un-
treated municipal tap water consumption was strongly
associated with illness (wave 1 odds ratio 15.36; wave

ampylobacter is a gram-negative, microaerophilic,

flagellated, helical bacterium (1). Campylobacter
infection, or campylobacteriosis, is the most com-
mon bacterial cause of diarrhea in the United States,
producing ~1.5 million illnesses each year (2). Serious
sequelae of infection can occur, including prolonged
bowel symptoms (5%-20% of reported cases), reactive
arthritis (1%-5% of reported cases), and Guillain-Bar-
ré syndrome (0.001% of reported cases) (2). Common
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2 odds ratio 16.11). Whole-genome sequencing of 12
isolates identified 2 distinct Campylobacter jejuni sub-
types (1 subtype/wave). The town began water chlorina-
tion, after which water testing detected coliforms. One
dead-end ultrafiltration sample yielded nonculturable
Campylobacter and avian-specific fecal rRNA genomic
material. Our investigation implicated contaminated, un-
treated, municipal water as the source. Results of micro-
bial source tracking supported mitigation with continued
water chlorination. No further campylobacteriosis cases
attributable to water were reported.

causes of Campylobacter infection include consuming
contaminated foods (especially poultry, meat, and
dairy) or contaminated water or having contact with
animals (3). Campylobacteriosis outbreaks associ-
ated with water have been linked to contamination of
groundwater sources after heavy rainfall and prob-
lematic water system cross-connections (4,5).

In Nebraska, USA, incidence of campylobacte-
riosis increased from 599 cases/year in 2016 to 811
cases/year in 2019 (6,7). This observed increase coin-
cided with an increased use of culture-independent
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diagnostic methods. As of 2015, Nebraska had the
second-highest incidence of campylobacteriosis in
the United States, at 26.6 cases/100,000 population,
second only to South Dakota (8). Given competing
priorities for public health, particularly during the
COVID-19 pandemic, investigation of campylobac-
teriosis cases is sometimes limited to application of
case definitions and assignment of case status, consis-
tent with the National Notifiable Disease Surveillance
System designation (9). Most cases are classified as
sporadic infections. Selected cases are further inves-
tigated by local or state public health authorities, par-
ticularly if spatial or temporal clustering is observed.

Nondisinfected drinking water systems are com-
mon in the United States; >20 million US residents
were served by nondisinfected water in 2006 (10).
Nebraska is 1 of 6 states where ground water is used
for >75% of public water supplies (11). In most Ne-
braska communities, ground water supplies are not
treated with a disinfectant before being supplied to
the public (12). Under the US Environmental Protec-
tion Agency (EPA) Ground Water Rule, ground water
sourced systems can be untreated if certain monitor-
ing procedures, which depend on the population size,
are followed (13,14).

Contamination of drinking water systems can oc-
cur by many routes. One study reported contamina-
tion by animal feces and wastewater to be the most
common source of contamination in ground water
systems (15). Microbial source tracking (MST) is a
molecular tool used to identify sources of fecal pol-
lution in water. This technique is specialized and is
not part of routine ground water monitoring proce-
dures. MST uses quantitative PCR to detect molecular
evidence of microbes unique to the guts of humans or
specific animal species (16,17). MST assays have been
developed to identify multiple species in the United
States, including humans, cattle, and birds (18-20).
Moreover, recently EPA and the National Institute for
Standards validated standard material for MST bio-
logical markers, enabling use of these MST methods
in outbreak response (21).

In September 2021, the East Central District
Health Department and Nebraska Department of
Health and Human Services were notified by elec-
tronic laboratory reporting of 8 campylobacteriosis
cases clustering in 1 week’s time in a small town in
east central Nebraska that had a population of ~330
persons. During 2011-2020, median annual campy-
lobacteriosis case count in the affected town was 1
(range 0-8). The Nebraska Department of Health and
Human Services collaborated with the East Central
District Health Department to investigate, find the
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exposure and contamination sources, and prevent ad-
ditional illness. In this report, we describe this out-
break of campylobacteriosis that was linked to mu-
nicipal drinking water and animal contamination and
identified by using MST.

Methods

Epidemiologic Investigation Methods

In response to the cluster of 8 campylobacteriosis
cases, we sought to find additional cases. We used
the case definitions from the 2015 National Notifiable
Disease Surveillance System case definition for cam-
pylobacteriosis, in which a probable case is defined as
“a case that meets the probable laboratory criteria for
diagnosis or a clinically compatible case that is epide-
miologically linked to a probable or confirmed case of
campylobacteriosis” and a confirmed case is defined
as “a case that meets the confirmed laboratory criteria
for diagnosis” (22). We created a broad hypothesis-
generating questionnaire in REDCap (a web-based
interface for secure data collection; https://www.
project-redcap.org) to address consumption of meats
and other food items; consumption of different water
sources, including methods of in-home water treat-
ment (e.g., filtration, reverse osmosis); attendance at
2 known large community gatherings (i.e., a town ba-
zaar and a wedding); and recent animal contact. We
sought to reach as many town residents, workers, and
visitors as possible with this questionnaire, including
those sickened during the outbreak and those who re-
mained healthy. To solicit participation among com-
munity members, the questionnaire link was distrib-
uted using Facebook (Meta Platforms, https:/ / www.
meta.com) posts by willing town residents and the lo-
cal health jurisdiction’s Facebook page. We deployed
the questionnaire on September 16, 2021. On the ba-
sis of preliminary results of this initial questionnaire,
which included multiple, free-text responses noting
consumption of home-grown produce, we developed
a second supplemental questionnaire through RED-
Cap. By using respondent emails collected in the ini-
tial questionnaire, we deployed the website for this
second questionnaire on September 28, 2021, to ad-
dress produce consumption, with a particular focus
on locally grown items and home gardens. If respon-
dents to the first questionnaire did not respond to the
second questionnaire but had previously provided a
telephone number, we made attempts to complete the
second questionnaire with the resident by telephone.
Finally, both questionnaires were administered dur-
ing door-to-door canvassing in the affected commu-
nity, with 6 investigators working in pairs to conduct
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in-person interviews with residents. We obtained
verbal consent from each adult or legal guardian be-
fore administering interview questionnaires. We did
not document refusal to participate.

This activity was reviewed by CDC and was con-
ducted consistent with applicable federal law and
CDC policy (e.g., 45 C.F.R. part 46, 21 C.F.R. part 56;
42 US.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et
seq.). This activity was determined to be public health
surveillance and therefore did not require CDC Hu-
man Research Protection Office review. We complet-
ed data collection through both questionnaires on Oc-
tober 21, 2021. We also obtained data from Nebraska’'s
Electronic Disease Surveillance System (NEDSS), par-
ticularly in cases when a person could not be reached
for an interview. Given the potential for nonresidents
to have been exposed in the affected town, we also
used NEDSS to search for other campylobacteriosis
cases occurring within bordering counties during the
outbreak, from mid-August 2021 to October 2021, to
identify additional cases potentially associated with
the outbreak.

Where possible, we combined results of the 2
questionnaires (or NEDSS data if questionnaire data
were unavailable) to create 1 entry per person sick
with campylobacteriosis. We used questionnaire re-
sults for a case-control analysis. We defined probable
or suspect cases as self-reported diarrheal illness (>3
stools/24 h for probable cases; 1-2 stools/24 h for sus-
pect cases) among town residents, or among workers
or visitors with exposure in the town, with onset dur-
ing August 30-October 8, 2021; confirmed cases had
Campylobacter spp. detected in stool (e.g., by antigen
testing, PCR, or culture). Controls were persons who
denied any diarrheal illness. We did not conduct any
matching. If Campylobacter culture isolates were ob-
tained from a specimen, whole-genome sequencing
(WGS) was performed by the Nebraska Public Health
Laboratory using the MagNA Pure Compact Nucleic
Acid Isolation Kit version 19 (Roche, https://life-
science.roche.com) (23-27). We submitted sequences
to GenBank.

We extracted data from REDCap by using Excel
(Microsoft, https://www.microsoft.com) and per-
formed descriptive analysis and calculated odds ra-
tios (ORs) by using CDC’s Epilnfo 7.2.4.0 (https://
www.cdc.gov/epiinfo). We conducted analyses of
questionnaire results and conducted separate sub-
analyses for each wave of illness. We calculated 95%
ClIs by using OpenEpi version 3.01 (https://www.
openepi.com). We applied the modified Haldane-
Anscombe correction in a case of a zero cell. We clas-
sified users of water-filtering pitchers or refrigerator
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water filters as being exposed to untreated water and
those using reverse osmosis as being unexposed to
untreated water.

Environmental Investigation Methods

Epidemiologic investigation findings guided the en-
vironmental investigation that followed outbreak
detection. The town’s ground water wells were
routinely tested monthly for coliform. In Nebras-
ka, water operators must be licensed and complete
continuing education, and all public water testing
results are documented in the Safe Drinking Wa-
ter Information System database and are available
to the public (28). A 100-mL sample was collected
by the town water operator at a predetermined site
in accordance with the water system’s approved
sample site plan. Testing was conducted by the state
laboratory. When coliforms were detected, repeat
samples were collected from the original site and
locations upstream and downstream of the origi-
nal site. Trigger samples (i.e., samples collected in
response to coliform detection) were also collected
from groundwater sources after a routine coliform
detection. Routine maintenance chlorination of the
system, typically done in spring and fall each year,
was begun on October 1, 2021.

While the outbreak investigation was ongoing,
the Nebraska Department of Environment and En-
ergy (NDEE) began a comprehensive evaluation of
the municipal water system. NDEE conducted an ex-
ternal inspection of the town’s water tower by using
an NDEE drone on October 18, 2021. NDEE drink-
ing water field representatives performed a walk-
through backflow inspection in the town on October
20, 2021. When routine maintenance chlorination was
stopped, postchlorination water testing was carried
out on October 26 and October 29, 2021; positive re-
sults prompted NDEE to issue a boil water advisory
on October 30, 2021, and to request specialized Cam-
pylobacter water testing from CDC.

On November 4, 2021, a total of 6 large-volume
(>100-L), dead-end ultrafiltration (DEUF) water sam-
ples were collected by NDEE by using methods de-
scribed previously (29). Sampled locations included
the 2 active town wells and 4 additional sites from the
distribution system in the town that we selected on
the basis of previous coliform bacteria detections. We
conducted sampling in areas within the distribution
system with recently positive total coliform testing
or in areas of concern, including areas with potential
cross-connections, suspected backflow, dead ends, or
high water age (i.e., the time water spends within the
distribution system before use) (Appendix Table 1,
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https:/ /wwwnc.cdc.gov/EID/article/30/10/23-
1509-Appl.pdf). After sample collection, water chlo-
rination resumed. We submitted all DEUF samples
to CDC for Campylobacter-specific DNA testing and
culture. In addition, CDC performed MST by using
previously described PCR methods to identify bacte-
ria molecular markers unique to human, ruminant,
and bird feces (known environmental fecal shedders
of Campylobacter) (18-20).

Results

Epidemiologic Investigation Results
A total of 138 questionnaires were completed. Of
those, 129 were completed by persons connected to
the affected community (121 town residents [37% of
the town’s population] and 8 with exposure in the
community but not residing there). Of the 129 ques-
tionnaires, 26% (34/129) were completed during
door-to-door canvassing efforts and the remainder by
Facebook recruitment, email, or telephone (percentage
completed by each method was not captured). Accord-
ing to US Census American Community Survey data,
the median age of town residents was 36.8 years, and
55% identified as female in 2021 (30). By comparison,
the median age of the 129 community-linked question-
naire respondents was 56 years, and 63% were female.
We identified 64 total campylobacteriosis cases (21
confirmed, 38 probable, and 5 suspect). Il persons had
a median age of 56 years (range 2-90 years); 33 (52%)
were female and 31 (48%) male. Seven (11%) persons
reported hospitalization (median length of stay 1 night
[range 1-3 nights]), and no deaths occurred. IIl per-
sons experienced diarrhea (64/64, as described in the
case definition), abdominal cramping (48/64), nausea
(34/64), fever (33/64), and vomiting (12/64).
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We identified 2 distinct waves of illness; the first
occurred during August 30-September 15 and the
second during September 29-October 8 (Figure).
Peak reported illness onset was during or shortly
after the 2021 Labor Day holiday weekend (Septem-
ber 4-6, 2021). For wave 1, all but 1 (48/49 [98%])
of ill persons reported municipal water exposure,
compared with 76% (25/33) of controls (OR 15.36
[95% CI 1.82-129.82]). For wave 2, all 14 (100%) ill
persons reported municipal water exposure, com-
pared with 65% (22/34) of controls (OR undefined).
To account for no unexposed ill persons, we ap-
plied a modified Haldane-Anscombe correction,
which yielded an OR of 16.11 (95% CI 0.88-293.6).
Among all other exposures analyzed, including 50
separate food items, contact with animals or ma-
nure, and attendance at a community gathering, we
found no other statistically significant associations
with illness (Appendix Tables 2, 3).

Among 21 cases confirmed by laboratory test-
ing, 8 were by antigen testing only, 1 by PCR, and
12 by stool culture. We speciated and identified all 12
clinical isolates as C. jejuni. WGS of 12 Campylobacter
isolates from 12 patients’ stool specimens identified 2
distinct C. jejuni subtypes, with 1 subtype/wave. In
wave 1, a total of 7 isolates from 7 persons in 6 separate
households were a 100% match (0 single-nucleotide
polymorphisms [SNPs] difference). In wave 2, a total
of 5 isolates from persons in 5 separate households
matched each other (0-1 SNPs difference). The 2 dis-
tinct subtypes differed by 1,178 SNPs. Of the 12 with
WGS, we uploaded 10 to GenBank (accession nos.
PDT001144782.1, PDT001144787.1, PDT001144788.1,
PDT001161287.1, PDT001161298.1, PDT001161283.1,
PDT001161285.1, PDT001166739.1, PDT001166745.1,
and PDT001175404.1).
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Figure. Number of confirmed, probable, and suspect campylobacteriosis cases (N = 64) in an outbreak linked to municipal water, by

illness onset date, Nebraska, USA, August—October 2021.
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Environmental Investigation Results

Municipal water in the town is supplied by 2 wells,
each 170 feet deep. As permitted by the EPA Ground
Water Rule, ground water from those wells was not
treated before storage and distribution (13). In the 3
years preceding the outbreak, routine monthly coli-
form testing was positive on 5 occasions (range 1-3
instances/year). Regulatory coliform testing was
negative on August 17, 2021, just before the outbreak,
and on September 14, while wave 1 of the outbreak
was occurring. Routine maintenance chlorination of
the system, a common public water system practice
typically conducted twice yearly in spring and fall,
was begun by the town water operator on October
1. While the municipal water system was evaluated,
chlorination of the system was continued. When chlo-
rination was stopped on October 22, postchlorination
testing detected coliform in the distribution system
and in 1 source water well. Coliform detection and as-
sociated outbreak epidemiologic findings resulted in
concern about possible Campylobacter contamination
of the water supply. The town has 2 active wells locat-
ed on either end of a recreation field area, a centrally
located water tower, and a distribution system with
2 loops, 1 serving the bulk of the town and 1 serving
newer buildings in the western part of the town. All
6 DEUF samples from the distribution system were
culture-negative for Campylobacter. Of those, 1 sample
was positive by PCR for presence of Campylobacter
DNA. We did not detect human and bovine molecu-
lar fecal markers, but we did detect avian-specific fe-
cal rRNA genomic material in 1 sample that also had
low levels of culturable coliforms (0.72 most probable
number/100 mL). This finding, together with the de-
tected Campylobacter DNA, suggested the water con-
tamination likely came from bird feces.

The most likely place for bird feces intrusion on
the water system was the single, aged water tower
(dating to the 1910s) pressurizing the municipal wa-
ter system. Inspection of the tower by drone flyover
during NDEE’s initial inspection revealed no deficits.
However, given increased concern after testing re-
sults, the affected town’s leadership requested visual
internal water tower inspection, which was completed
on December 9 by a firm specializing in water tower
maintenance. The internal tower inspection revealed
damage to the tower’s cap. Gaps present between the
tower’s cap and sidewall were large enough to permit
direct intrusion by birds or allow bird feces from the
tower’s exterior to wash inside. The town’s water was
chlorinated until the tower was repaired January 28,
2022. No additional cases of campylobacteriosis were
identified after chlorination of the water system was
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initiated while awaiting tower repair, and no campy-
lobacteriosis clusters among community members
were identified since tower repair was completed (at
which time chlorination was stopped) through 1 year
after tower repair completion (January 2023). In the
affected community in the year after tower repair,
only 1 person tested positive for Campylobacter by
PCR. No isolate was obtained for typing because se-
quencing is not routinely completed in Nebraska for
sporadic Campylobacter detections.

Discussion

We report a large campylobacteriosis outbreak in
Nebraska in which #19% of the town’s population re-
ported as ill (64/~330). In comparison, the next larg-
est outbreak, in 2017, had 39 ill persons identified,
which represented ~6.5% of the city’s population (31).
Identifying the outbreak cause required the combina-
tion of epidemiologic, engineering, and environmen-
tal laboratory methods. MST is an emerging surface-
water quality-monitoring technique that has recently
been used to support outbreak response (32). This
investigation demonstrates the value of this combina-
tion of methods, which was essential to identify the
probable source and specific site of fecal intrusion in
the water system, enabling corrective action to be tak-
en. By implicating bird contamination (probably on 2
separate occasions as suggested by WGS), our find-
ings provided clear motivation to conduct a timely
internal water tower inspection, which is technically
difficult and costly.

Nebraska has a plentiful ground water supply
from the High Plains Aquifer, which underlies ~90%
of the state (12). In total, 88% of all Nebraska residents
drink ground water, and although the larger munici-
pal water systems in the state disinfect, ~85% of Ne-
braska’s 550 public ground water systems, predomi-
nantly in smaller communities, are not disinfected,
(12,33). Although many states have abundant ground
water from aquifers, contamination of water in the
aquifer itself was never in question. Rather, aging
water system infrastructure, as is often found in small
or rural communities, can increase risk for enteric
disease outbreaks, independent of the water’s actual
source. Distribution system aging or disruption of the
system during repairs can enable microbial intrusion
into untreated drinking water systems (34).

Water towers are a common method of water stor-
age and pressurization in Nebraska (35). Rural areas,
especially, are more likely to have aging water tow-
ers, sometimes more than a century old. Similar large
outbreaks of enteric disease have been linked to wa-
ter towers, such as a 1993 outbreak in Missouri that
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involved >650 cases of salmonellosis, linked to a water
tower with an uncovered hatch, enabling possible en-
try by birds (36). The compromised water tower that
led to this campylobacteriosis outbreak was inspected
and maintained (per Title 179 NAC 21-008 and 22-008,
which states that water systems must “inspect, and
clean if necessary, water storage facilities equipped for
accessibility, no less often than once every 5 years”)
(37), but routine maintenance either did not identify
the cap damage or the changes occurred between in-
stances of maintenance. Our findings might indicate
a need for managers of aged systems to increase scru-
tiny on system components and help ensure the safety
of the water delivered to their residents. This need
is nationwide, as demonstrated by a 2021 US infra-
structure bill that has committed to “invest in water
infrastructure” and particularly emphasizes this need
in rural areas served by untreated ground water drink-
ing systems (38).

One limitation of our study is that water test-
ing was not undertaken until after the water system
was chlorinated, 5-10 weeks after the 2 most likely
periods of exposure. The inability to culture Campy-
lobacter from the water samples might have been the
result of previous chlorine treatment of the system or
might simply reflect the common difficulty of grow-
ing Campylobacter in the laboratory. Had water testing
been completed sooner, culturable organisms might
have been found, which would have enabled genom-
ic comparison of environmental contamination and
clinical infections. In addition, selection bias probably
occurred because of our use of convenience sampling.
Median age of town residents was 36 years, but our
questionnaire respondents’ median age was 56 years,
so our respondents skewed older. Questionnaire dis-
tribution through Facebook could have created bias
toward users of that social network and persons mo-
tivated to complete the questionnaires because they
had been sick. However, door-to-door canvassing
efforts probably helped mitigate this potential bias,
given that sick and healthy persons might have been
encountered equally when canvassing the town as a
whole. Furthermore, given such a high proportion of
town residents who used municipal water, we would
not expect our results to be substantially affected
based on selection. Moreover, recall bias might have
occurred because questionnaire forms relied on de-
tailed recollection of exposures potentially as long as
6 weeks after the likely exposure period. However,
because the outbreak source was not a food item, re-
spondents’” knowledge of their water source and rec-
ollection of water consumption presumably would be
more reliable.
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The marriage of shoe-leather epidemiology and
advanced and emerging environmental microbiolog-
ic methods, with cooperation between community,
local, state, and federal partners, helped establish the
etiology of this large campylobacteriosis outbreak.
After exposure at highly attended community gather-
ings was ruled out, municipal water was suspected as
the cause, and then temporary disinfection and stra-
tegic investigation of the water distribution system
further established the probable source of contami-
nation. This investigation also highlights the useful-
ness of MST to support mitigation strategies directed
at the source of fecal contamination of water systems
and, in turn, to prevent future exposures. Untreated
ground water systems with aging infrastructure are
vulnerable to fecal intrusion, increasing the risk for
large outbreaks of enteric disease. Public health au-
thorities can encourage communities and managers
of aged water systems to increase scrutiny of system
components to help ensure drinking water safety.
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