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Abstract

Background.—Hepatitis A is a vaccine-preventable viral disease transmitted by the fecal-oral 

route. During 2016–2018, the County of San Diego investigated an outbreak of hepatitis A 

infections primarily among people experiencing homelessness (PEH) to identify risk factors and 

support control measures. At the time of the outbreak, homelessness was not recognized as an 

independent risk factor for the disease.

Methods.—We tested the association between homelessness and infection with hepatitis A virus 

(HAV) using a test-negative study design comparing patients with laboratory-confirmed hepatitis 

A with control subjects who tested negative for HAV infection. We assessed risk factors for severe 

hepatitis A disease outcomes, including hospitalization and death, using multivariable logistic 

regression. We measured the frequency of indications for hepatitis A vaccination according to 

Advisory Committee on Immunization Practices (ACIP) guidelines.

Results.—Among 589 outbreak-associated cases reported, 291 (49%) occurred among PEH. 

Compared with those who were not homeless, PEH had 3.3 (95% confidence interval [CI], 

1.5–7.9) times higher odds of HAV infection, 2.5 (95% CI, 1.7–3.9) times higher odds of 

hospitalization, and 3.9 (95% CI, 1.1–16.9) times higher odds of death associated with hepatitis A. 

Among PEH, 212 (73%) patients recorded other ACIP indications for hepatitis A vaccination.
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Conclusions.—PEH were at higher risk of infection with HAV and of severe hepatitis A disease 

outcomes compared with those not experiencing homelessness. Approximately one-fourth of PEH 

had no other ACIP indication for hepatitis A vaccination. These findings support the recent ACIP 

recommendation to add homelessness as an indication for hepatitis A vaccination.
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Infection with hepatitis A virus (HAV) is characterized by acute onset of jaundice, fatigue, 

diarrhea, and other signs and symptoms of acute liver infection. Transmission of HAV 

follows the fecal-oral route through person-to-person contact or ingestion of contaminated 

water or food, but can be interrupted through improvements in drinking water, sanitation, 

hygiene, and vaccination [1]. During 1994–1998, the County of San Diego Health and 

Human Services Agency (COSD) reported approximately 500 hepatitis A cases per year [2]. 

After the introduction of routine childhood hepatitis A vaccination in California in 1999 and 

nationwide in 2006, the number of cases decreased to 40 or fewer cases each year, most of 

which were travel associated [2].

During November 2016–May 2018, San Diego County experienced an outbreak of hepatitis 

A notable for a high proportion of cases among people experiencing homelessness (PEH) 

or people who used illicit drugs (injection or noninjection) during their exposure period [3]. 

At the time of the outbreak, the Advisory Committee on Immunization Practices (ACIP) 

recommended hepatitis A vaccination for certain people recognized to be at increased risk 

of HAV infection or severe outcomes attributable to illness, including children, men who 

have sex with men (MSM), people who travel to countries with high or intermediate rates of 

HAV, people who use illicit drugs, and people who have chronic liver diseases [4]. Although 

homelessness was not recognized as an independent risk factor for HAV infection at the 

time [4, 5], outbreaks of hepatitis A in 2016–2018 in California, Michigan, Utah, Kentucky, 

and other states among similar risk groups prompted consideration of homelessness as an 

independent risk factor for HAV infection [6, 7]. On 24 October 2018, the ACIP voted to 

recommend adding homelessness to the list of hepatitis A vaccine indications [8].

We investigated to assess whether homelessness was an independent risk factor for 

HAV infection and increased severity of hepatitis A disease during the outbreak in San 

Diego County. Additionally, we determined whether patients had 1 or more known ACIP 

indications other than homelessness for hepatitis A vaccination.

METHODS

Case Reporting and Investigation

The COSD received reports of hepatitis A through routine clinical and laboratory 

surveillance and contacted patients while hospitalized or by personal phone for interview. 

Upon detection of an increase in hepatitis A reports in March 2017, a supplemental 

hypothesis-generating questionnaire was developed with targeted questions on homelessness 

and illicit drug use to complement routine surveillance questions on clinical symptoms, 
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contact history, and other exposure information. Homelessness was defined as self-reported 

lack of reliable housing during the 2–7 weeks before illness onset. Vaccination indications 

according to ACIP at the time were assessed using information on history of international 

travel, illicit drug use, sexual exposures, and coinfection with either hepatitis B virus (HBV) 

or hepatitis C virus (HCV) documented by hepatitis B surface antigen positivity, HCV 

antibody positivity, or HCV RNA detection.

Serum specimens positive for immunoglobulin M (IgM) antibody to HAV were requested 

from the hospital or diagnostic laboratory to test for the presence of HAV RNA using 

reverse transcriptase–polymerase chain reaction (RT-PCR), the most sensitive and widely 

used method for assessing HAV viremia [9]. Serum specimens collected within 4 weeks 

after symptom onset were considered for testing. Next-generation sequencing was used to 

amplify a 315–base-pair fragment of the VP1-P2B region to differentiate the IB genotype 

attributed to the outbreak from the genotypes common in North America, such as IA [10, 

11]. Molecular characterization and genotype assessment were conducted by the Centers for 

Disease Control and Prevention (CDC) Division of Viral Hepatitis Branch Laboratory, the 

California Department of Public Health Viral and Rickettsial Disease Laboratory, and the 

San Diego Public Health Laboratory.

Case Assessment

We defined a confirmed case as isolation of HAV genotype IB in a resident of San 

Diego County with acute onset of hepatitis A symptoms during 1 November 2016–23 

May 2018 (Table 1). In the absence of serum available for RT-PCR testing, we defined a 

probable case as signs or symptoms consistent with acute viral hepatitis, evidence of either 

jaundice or elevated aminotransferase levels, and either positive IgM antibody to HAV or an 

epidemiologic link to a laboratory-confirmed case [12]. We defined a control subject as a 

patient reported by routine surveillance to COSD for suspicion of hepatitis A but who tested 

negative for HAV by RT-PCR.

Risk Factor Analysis: Hepatitis A Virus Infection

To test for an association between homelessness and infection with HAV, we used a test-

negative study design comparing confirmed case-patients with control subjects. Because 

of the strict use of RT-PCR criteria, probable cases were excluded from the test-negative 

study. We calculated crude and adjusted infection odds ratios (ORs) for homelessness using 

univariate and multivariable logistic regression models built by backwards stepwise selection 

(retention P < .10) of known risk factors for HAV infection (ie, international travel, MSM, 

or illicit drug use) and age and sex. This time- and resource-efficient study design has been 

used to study risk factors for dengue [13] and more broadly for estimating vaccine efficacy 

against influenza [14–16], rotavirus [17], cholera [18, 19], and pneumococcus [20]. The 

method reduces misclassification bias through use of strict laboratory criteria and reduces 

bias attributable to differential health-seeking behavior by including only those patients who 

sought care.
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Risk Factor Analysis: Hepatitis A Disease Severity

To test for an association between homelessness and clinical severity of hepatitis A, we 

assessed 2 outcomes as follows: hospitalization and death from causes associated with 

hepatitis A. We determined if death was associated with hepatitis A through expert review 

of cause of death and contributing conditions listed on death certificates. Among confirmed 

and probable cases, we calculated crude and adjusted ORs between homelessness and each 

outcome using univariate and multivariable logistic regression models built by backwards 

selection (P < .10) of age, sex, illicit drug use, MSM, and coinfection with either HBV or 

HCV.

The CDC reviewed this study for human subjects protection and deemed it to be 

nonresearch. Patient data were collected confidentially by epidemiology program staff for 

public health response activities and stored in a secure Confidential Morbidity Report 

system by COSD.

RESULTS

During 1 November 2016–23 May 2018, a total of 589 hepatitis A cases were reported; 

502 (85%) were confirmed by RT-PCR to match 1 of the genotype IB strains (Table 2). 

Median patient age was 43 years (range, 5–87 years), 400 (68%) were male, and 404 (69%) 

were hospitalized. Among 20 (3%) patients who died of causes associated with hepatitis A, 

19 (95%) had underlying factors (eg, cirrhosis, diabetes, or cardiomyopathy) that may have 

contributed to increased risk of severe outcomes, 14 (70%) reported homelessness, and 2 

(10%) had relapsing HAV infection, defined as recurrent disease within 6 months of last 

recovery [21]. No patients reported having received the full, 2-dose vaccination series before 

becoming infected. Among the 589 confirmed and probable cases, outbreak risk factor data 

were available for 535 (91%), 200 (37%) of whom reported both homelessness and illicit 

drug use, 91 (17%) reported homelessness only, and 77 (14%) reported illicit drug use only.

Among the 291 patients who reported experiencing homelessness, 79 (27%) did not report 

any other ACIP indications for vaccination (Table 2). Of the 212 (73%) PEH with at least 1 

known indication, 200 (94%) reported illicit drug use, 72 (34%) were coinfected with HBV 

or HCV, 6 (2.8%) were MSM, and 4 (1.9%) reported recent international travel to Mexico, 

which is a country with intermediate or high rates of HAV.

Risk Factor Analysis: Hepatitis A Virus Infection

In total, 502 RT-PCR–confirmed case-patients and 96 control subjects with negative RT-PCR 

results were included for test-negative case-control analysis. Homelessness was reported by 

251 (50%) case-patients and 23 (24%) control subjects; the crude OR for infection was 2.4 

(95% confidence interval [CI], 1.4–4.1) (Table 3). This association increased to 3.3 (95% 

CI, 1.5–7.9) after adjustment for age, sex, and international travel in the multiple logistic 

regression model.
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Risk Factor Analysis: Hepatitis A Disease Severity

Among the 589 confirmed and probable cases, 404 (68%) patients were hospitalized and 

20 (3%) died. The OR for hospitalization was 3.1 (95% CI, 2.1–4.5) comparing patients 

reporting homelessness with those not reporting homelessness (Table 4). The adjusted OR 

for hospitalization was 2.5 (95% CI, 1.7–3.9) after adjustment for illicit drug use and age. 

Hospitalization and death were more common as patient age increased (Figure 1). The OR 

for death associated with hepatitis A was not statistically significantly elevated at 2.5 (95% 

CI, .9–7.8), but after adjusting for age and coinfection with HBV or HCV, the odds of death 

were 3.9 (95% CI, 1.1–16.9) times higher for patients reporting homelessness than for those 

not reporting homelessness (Table 5).

DISCUSSION

During a hepatitis A outbreak in San Diego County with approximately 600 reported cases, 

we identified homelessness as an independent risk factor for HAV transmission and severe 

hepatitis A disease. Homelessness is a recognized risk factor for a range of health conditions 

and diseases [22] and has been associated with outbreaks of hepatitis A in the past [23–25], 

but homelessness was not recognized by the ACIP as an independent risk factor for hepatitis 

A infection at the time of the outbreak [4, 5].

PEH, especially those who are unsheltered, may be at increased risk of HAV infection 

because of high population density and inadequate facilities for sanitation and hygiene 

and at increased risk of severe outcomes because of a high prevalence of associated 

comorbidities, malnutrition, and alcohol-related liver disease [26]. Studies have reported 

that homelessness may be an independent risk factor for HAV antibody positivity [27], 

and targeted vaccination of PEH is feasible [28] and helped control previous outbreaks 

among PEH [25]. Using the framework of a recent consensus report from the National 

Academy of Sciences [29], further research should assess whether hepatitis A is a “housing-

sensitive condition” from a public health perspective because of risks for PEH acquiring and 

transmitting HAV.

San Diego City and County, with an estimated 9116 people who were homeless in 

2017, ranks fourth highest among US city areas and second only to Los Angeles in the 

number of people who are homeless and unsheltered [30]. The relatively high burden of 

homelessness may have contributed to the size and severity of this outbreak. Therefore, 

COSD targeted interventions toward PEH beginning with the recommendation to vaccinate 

PEH in the first health alert sent by the county on 10 March 2017 [3]. To reach 

this population, approximately 2500 HAV vaccination events occurred through stationary 

points of dispensary, mobile vans, and vaccination foot teams consisting of a nurse and 

law enforcement officer [31]. Hepatitis A virus vaccinations were also administered by 

other community partners at homeless shelters, jails, emergency departments, and during 

influenza vaccination drives. Beyond vaccination, other interventions for this risk group 

included transitional housing in tent cities, 24-hour public bathrooms and handwashing 

stations, enhanced street sanitation, targeted health messaging, personal hygiene kits, and 

temporary convalescent housing after hospital discharge [31].
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Case-fatality ratios from recent outbreaks, including San Diego County, are higher than 

historical outbreaks and may result in part from a shifting case demographic toward older 

patients [11]. The increasing risk of hospitalization and death among older patients in this 

outbreak is consistent with previous studies that reported that case fatality increased with 

age from 0.1% among children aged less than 15 years, 0.3% among people aged 15–39 

years, and 2.1% among adults aged 40 years or older [5, 32].

The median age of 43 years among confirmed and probable cases is similar among patients 

reporting homelessness (median, 44 years) and not reporting homelessness (median, 42 

years) and is consistent with contemporaneous outbreaks in other states [11]. While the 

occurrence of hepatitis A has decreased nationally in all age groups since 2000, incidence of 

the disease is lowest among persons aged 0–9 years and 10–19 years compared with older 

age groups as of 2016 [33].

Our study limitations include possible misclassification of sensitive topics including 

homelessness status and history of illicit drug use, although we expect such misclassification 

to be independent of case-control status because of the delayed receipt of confirmatory RT-

PCR test results. Self-reported vaccination history was cross-referenced and supplemented 

using the San Diego Immunization Registry, although vaccinations received outside San 

Diego County are more likely to be missed. The prevalence of comorbidities may be 

underestimated by using coinfection status with HBV or HCV as an incomplete surrogate 

for chronic liver disease caused by risk factors such as chronic alcoholism.

In this investigation, we suspect that the measured association between homelessness and 

HAV infection is likely underestimated, because associations between homelessness and 

other causes of symptoms consistent with viral hepatitis infection may inflate the prevalence 

of homelessness among the test-negative control subjects. Additionally, PEH may be 

preferentially hospitalized for reasons beyond those measured [34, 35], but we expect that 

the outcome of case fatality is robust to this potential bias.

These findings strongly support the ACIP recommendation to add homelessness as an 

indication for hepatitis A vaccination [8], as well as the need to improve adult hepatitis A 

vaccination rates among groups who are at risk and to address the underlying causes of 

homelessness [26]. Approximately half of all patients in this outbreak, and three-quarters of 

PEH, had at least 1 previously known ACIP indication for vaccination (Table 2), yet none 

received the 2-dose HAV vaccination series before infection. Outbreak response vaccination 

with 1 dose of HAV vaccine was found to be feasible in San Diego County and elsewhere 

[31, 36, 37], and previous studies have shown that the single vaccine can confer protection 

for 4–11 years [38, 39].
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Figure 1. 
Risk of hospitalization (A, B) and death (C, D) among confirmed and probable cases by 

homelessness and age quintile (ie, 0 to <33, 33 to <39, 39 to <55, and ≥55 years).
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