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Abstract

Objectives: Shigella species are the third most common cause of bacterial gastroenteritis in the
United States. During a Shigella sonnei outbreak in Oregon from July 2015 through June 20186,
Shigella cases spread among homeless persons with onset of the wettest rainy season on record.

Methods: We conducted time series analyses using Poisson regression to determine if a temporal
association between precipitation and shigellosis incidence existed. Models were stratified by
housing status.

Results: Among 105 infections identified, 45 (43%) occurred in homeless persons. With
increasing precipitation, cases increased among homeless persons (relative risk [RR] = 1.36 per
inch of precipitation during the exposure period; 95% confidence interval [CI] = 1.17-1.59), but
not among housed persons (RR = 1.04; 95% CI 0.86-1.25).

Conclusions: Heavy precipitation likely contributed to shigellosis transmission among homeless
persons during this outbreak. When heavy precipitation is forecast, organizations working

with homeless persons could consider taking proactive measures to mitigate spread of enteric
infections. Published by Elsevier Ltd on behalf of The British Infection Association.
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Shigella species are the third most common cause of bacterial gastroenteritis in the United
States, resulting in approximately 500,000 infections, 100,000 hospitalizations, and 500
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deaths annually.! Transmission occurs through the fecal—oral route, and outbreaks tend to
occur in overcrowded settings where personal hygiene is challenging, such as at daycare
centers and during mass population displacements.2 In high-income countries, young
children attending daycare, travelers to low-income countries, and men who have sex with
men (MSM) are groups at increased risk for shigellosis.3 Recently, several outbreaks have
been reported among homeless persons,*-8 a group not previously recognized as being at
increased risk for shigellosis but that faces conditions favorable to Shigella transmission
(e.g., inadequate access to potable water and sanitation facilities and a tendency toward
crowded living conditions).

In June 2015, a multistate outbreak of Shigella sonnei began among MSMY and in

July 2015, S. sonnei infections with pulsed-field gel electrophoresis (PFGE) patterns
indistinguishable from the multistate outbreak strain began occurring among MSM in

the Portland metropolitan area.8 In November 2015, the outbreak strain spread among
Portland’s homeless population, coinciding with onset of the wettest rainy season on record
in the state. Previous studies have shown a relationship between precipitation and diarrheal
illnesses; although the relationship is complex, heavy rainfall, flooding, and droughts are
associated with an increased number of enteric infections.>-11 Moreover, the association
between environmental exposures and infectious diarrhea is modified by social conditions,
such as access to hygiene and sanitation.12:13

Most of the Oregon’s approximately 4 million residents reside in Portland, the largest city,
and the surrounding metropolitan area.}4 In 2015, an estimated 3801 homeless persons
lived in Multnomah County, where Portland is located.1> Oregon’s rainy season extends
from November to March. Consistent with the nationwide seasonal pattern,16 shigellosis
typically peaks in the summer in Oregon, when precipitation is at its lowest statewide.
Thus, the observed peak of shigellosis during a period of unusually heavy precipitation
was unusual. We sought to determine whether heavy precipitation was an independent risk
factor for shigellosis during this outbreak, and whether experiencing homelessness during
the incubation period was a modifying factor.

Case definition and study population

A confirmed case was defined as an S. sonnei infection with an isolate having a PFGE
pattern indistinguishable from the outbreak strain in an Oregon resident with symptom onset
during July 2015-June 2016. The state public health laboratory confirmed all Shigella cases
by serotyping and PFGE.

Data sources

Data were collected during August 2015-July 2016. We identified cases through routine
reporting of Shigellainfections by clinicians and clinical laboratories, which is required by
law in Oregon.1’ Contact information was collected for identified cases. We attempted to
interview all persons identified with a confirmed case by using a standard questionnaire
and a supplemental outbreak-specific questionnaire. We telephoned persons; if we could
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not reach the person after three attempts, we sent a text message and mailed a letter

asking them to contact us. When resources allowed, we attempted to interview in person.
To aid the investigation, we used identifying information to access and review available
medical charts for persons identified with confirmed cases.1” We collected epidemiologic
information (e.g., known risk factors and contacts) and, when available, additional contact
information (e.g., phone numbers of family members and email addresses). Information
collected from medical chart review supplemented information collected during interviews.
If we could not interview a person with a confirmed case, we relied upon information
collected during medical chart review only.

The initial outbreak-specific questionnaire collected information about risk factors for
sexual transmission of shigellosis among MSM, the population affected at the outset of the
outbreak. However, when spread of cases into the homeless population was first recognized
in December 2015, we updated the outbreak-specific questionnaire to gather information
about housing status and use of homeless assistance programs (e.g., homeless shelters,
homeless day programs, and soup kitchens).

Housing status was determined through interview or medical chart review. Persons
interviewed during or after December 2015 were considered to be experiencing
homelessness if they reported sleeping outdoors, in a homeless shelter, doubled-up with
friends or family, in an abandoned building, or in a motor vehicle the week before illness.
Persons interviewed prior to December 2015 or who we could not interview were considered
homeless if the medical chart listed home-of-record as a homeless assistance program, or if
there was specific mention of current homelessness in the medical chart. Otherwise persons
were considered housed.

We obtained daily weather data (inches of precipitation and degrees Fahrenheit temperature)
from the PRISM Climate Group.1819 The PRISM model combines weather station
observations with elevation and physiographic variables to create modeled 4 km2-gridded
datasets for the United States; we used data for the centroid of Multnomah County, from
which the majority of cases were reported.

Statistical analysis

To examine the temporal relationship between precipitation and shigellosis, we conducted a
time series analysis using Poisson regression. The outcome variable was the daily number
of confirmed shigellosis cases for a given symptom onset date. Two cases with uncertain
onset dates were excluded from the final analysis. To explore how homelessness might
have modified the association between heavy precipitation and shigellosis, we stratified our
analysis by housing status after running the model for all cases together.

The exposure of interest was the cumulative precipitation over a 7-day period ending one
week before symptom onset (day 0)—that is from day —14 to day —8. Previous studies of
precipitation and shigellosis have reported lag times of days to months.20-24 We prespecified
a 1-week lag time because we expected a delay between heavy precipitation and increased
risk of infection. This delay comprised two components: the time for precipitation-related
behavioral and environmental changes that might increase risk of contact with Shigella-
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contaminated matter that may occur, such as increased congregation and deterioration of
hygienic conditions, and the incubation period of Shigella (0-7 days but typically 1-3
days). We hypothesized that heavy precipitation over multiple days, not just on one day,
would be more likely to increase shigellosis risk through precipitation-related behavioral
and environmental mechanisms; therefore, we selected precipitation accumulated over seven
days as the exposure.

We controlled for temperature because previous research has shown associations between
temperature and both precipitation (exposure)2® and shigellosis (outcome).26 Minimum and
maximum temperatures were highly correlated (Pearson 7= 0.86) during the outbreak. We
selected minimum temperature as the temperature metric because it was one factor (the other
being precipitation) considered in opening severe weather emergency shelters that might
have served as points of increased congregation and, thus, Shigel/a transmission during this
outbreak. We prespecified the same exposure period (day —14 to day —8) for temperature,
using the 7-day average.

We controlled for autocorrelation between daily case counts by including model terms for
lagged daily case counts that were significantly correlated with a given day’s case count.
Nonlinear transformation of the precipitation variable did not improve model fit, nor did
including linear and quadratic variables for time; therefore, such terms were not included in
the final model.

We performed sensitivity analyses substituting other biologically plausible lag times and
exposure windows (from days: -7 to —1; =3 to —1; —10 to —4; and —-10 to -8), limiting the
analysis period to the rainy season (November 2015-March 2016), substituting maximum
for minimum temperature, limiting analysis to only Multnomah County cases, adding to
the model an indicator variable for holidays, and using National Oceanic and Atmospheric
Administration weather station data instead of PRISM data. Additionally, we performed a
sensitivity analysis restricted to homeless persons who indicated sleeping outdoors or in a
shelter, as they might have been more likely to encounter potentially ill persons in these
congregate settings.

All analyses were conducted using SAS software, version 9.4 (SAS Institute, Cary, NC,
USA). We report 95% confidence intervals. The project was deemed nonresearch by the
Centers for Disease Control and Prevention (CDC). All data were maintained and all
analyses were performed on encrypted servers at the Oregon Health Authority (OHA) and
CDC. Before any data were shared between OHA and CDC, unique IDs were assigned and
all personally identifying information was deleted.

During July 2015-June 2016, a total of 105 S. sonnei cases with PFGE patterns
indistinguishable from the outbreak strain were identified among Oregon residents (Table
1); 79 (75%) were among men, and the median age was 42 years (interquartile range
[IQR] = 32-55 years). Forty-five (43%) persons were identified as having experienced
homelessness during the week before illness. We interviewed 68 (65%) persons with the
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standard questionnaire and 53 (51%) persons with the outbreak-specific questionnaire. We
reviewed medical charts of 91 (87%) persons. We were unable to interview or review

the chart of 1 person. The epidemiologic investigation did not identify a common source

of Shigella exposure. Although multiple homeless persons during this outbreak indicated
visiting several common homeless assistance programs during their incubation periods, no
pattern emerged and environmental health inspections at these locations were unrevealing. In
total, 48 (46%) persons were hospitalized; none died.

Cases were reported from 7 counties of residence; however, 101 (96%) cases occurred
among residents in 4 contiguous counties that compose the Portland metropolitan area. The
4 (4%) persons from the other 3 counties outside the Portland metropolitan area all traveled
to Portland during the week before illness. All but 1 case among homeless persons occurred
in Portland.

Most precipitation during July 2015-June 2016 accumulated during the rainy season from
November 2015-March 2016 (42.6 inches, 77%). Of all cases during the outbreak, 75 (71%)
occurred during the rainy season. Of the 45 cases in homeless persons, 38 (84%) occurred
during the rainy season (Figure 1). During November 2015-March 2016, the minimum
temperature ranged from 25.6 °F to 52.0 °F (which was overall warmer than the historic
average minimum temperature).

The time series analysis indicated that for each additional inch of precipitation during a
7-day period ending 1 week before symptom onset, the daily number of shigellosis cases
increased by 18% (relative risk [RR] = 1.18; 95% confidence interval [CI] = 1.06-1.33). In
the stratified analysis, the relative risk for the daily number of shigellosis cases per inch of
precipitation was 1.36 (95% CI = 1.17-1.59) among homeless persons and 1.04 (95% CI =
0.86-1.25) among housed persons.

Sensitivity analyses demonstrated robustness of the primary model. For each analysis,
precipitation was associated with shigellosis (results ranging from RR = 1.13-1.28), and
when stratified by housing status, the association was stronger among homeless persons
(results ranging from RR = 1.24-1.58) and not statistically significant among housed
persons (results ranging from RR = 0.98-1.15) (Table 2). Limiting the analysis only to
homeless persons who reported sleeping outdoors or in a homeless shelter (n = 32) yielded
results similar to the primary analysis (RR = 1.33 [95% CI = 1.11-1.59]).

Discussion

During 2015-2016, Oregon experienced a large shigellosis outbreak in which heavy
precipitation was associated with shigellosis transmission among homeless persons but
not housed persons. Several epidemiologic studies have analyzed associations between
precipitation and shigellosis and bacillary dysentery. Most are population-level studies
spanning multiple years from Asian countries (predominately China). Varying methods
and findings are reported; some have shown positive associations?12327.28 while others
have not.2924 Chen et al. reported that native Taiwanese persons experienced higher rates
of bacillary dysentery following extreme precipitation in Taiwan,2 but other studies have

J Infect. Author manuscript; available in PMC 2021 November 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hines et al.

Page 6

not examined specific groups disproportionately at-risk for shigellosis following heavy
precipitation.

Our findings are consistent with prior research demonstrating links between environmental
exposures and health problems among homeless persons.2? Homeless persons face increased
risk of hyperthermia- and hypothermia-related mortality.39-32 In one report, wind patterns
might have contributed to a Q fever outbreak at a homeless shelter.33 In 3 qualitative studies,
homeless persons identified heavy precipitation as a hardship.34-36

This outbreak demonstrates how interaction between host, agent, and environment can result
in disease transmission in a new population. While the multistate outbreak affected primarily
MSM, cases in Oregon increased during the fall and winter when Shigella spread into

the homeless population in Portland. Heavy precipitation could have promoted Shigella
transmission among homeless persons through several mechanisms. Heavy precipitation can
exacerbate existing poor sanitary conditions,3 creating favorable conditions for person-to-
person spread of a highly infectious organism among a population with whom access to
hygiene and sanitation are already inadequate. Unusually heavy precipitation would also
likely increase crowding in shelters and encampments, increasing opportunities for person-
to-person spread of Shigella, an organism that spreads in crowded settings.37:38 Lastly,
heavy precipitation might lead to waterborne Shigellatransmission through contamination of
untreated drinking water sources to which homeless persons might be exposed.

Our analysis is subject to several limitations. Because the outbreak-specific questionnaire
did not specifically assess housing status until it was updated, we might have misclassified
some homeless persons with shigellosis onset earlier in the outbreak as not being homeless.
However, because homeless persons were difficult to locate for interview, throughout the
outbreak we primarily ascertained housing status by reviewing medical records. Because the
outbreak spanned a single year, we could not account for seasonality of shigellosis in our
model. However, peak shigellosis incidence in Oregon typically occurs July to September,
when statewide precipitation is at its lowest; thus, not controlling the seasonality would be
expected to bias our findings toward the null, if at all. Although a relatively small proportion
of Portland’s homeless population was identified with confirmed cases during the outbreak,
infections were likely more widespread because underreporting of shigellosis is commonZ6
and homeless persons have difficulty accessing health services.3°

This outbreak investigation provides several lessons that can be considered by other

public health practitioners. Preventing person-to-person spread of enteric infections among
homeless persons during outbreaks requires special attention to promote good personal
hygiene and ensure adequate infection prevention and control practices. This is especially
important if potentially aggravating factors like heavy precipitation might be contributing
to spread of infections, as was the case during this outbreak. When heavy precipitation is
forecast, city governments and homeless assistance programs can consider taking proactive
measures to mitigate spread of enteric infections among homeless persons, for instance,

by conducting outreach at homeless shelters, encampments, and safety-net clinics to
provide information and distribute hand sanitizing supplies. Because homeless shelters and
encampments might serve as a nidus for infections during an outbreak occurring among
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homeless persons, control measures targeting these sites could include bolstering infection
prevention and control practices, active surveillance, and environmental health inspections.

Global climate change is predicted to lead to a substantial increase in the burden of
infectious diseases.*041 Although the mechanisms underlying how climate extremes can
increase infectious diseases are complex, groups with the least resources will suffer the
most.#2 In high-income countries, homeless persons will be disproportionately affected by
climate change.2%40 Outbreaks similar to the one reported here, during which extreme
weather was associated with disease transmission in a particularly susceptible group might
become more commonplace in the future. The special needs of homeless populations should
be included in climate change mitigation and adaptation strategies.
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Fig. 1.

a. Cases of Shigella sonnei infections among homeless persons with overlay of precipitation
during an outbreak — Oregon, July 2015-June 2016. b. Cases of Shigella sonnei infections
among housed persons with overlay of precipitation during an outbreak — Oregon, July
2015-June 2016. Precipitation and Shigella cases are shown during the week in which

they occurred. In the time series analysis, the daily shigellosis case count was regressed on
the 1-week lagged cumulative weekly precipitation to account for the time for precipitation-
related behavioral and environmental changes that might increase risk of contact with
Shigella-contaminated matter that may occur and the effect of multiple days of accumulated
precipitation.
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