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During 2016-2018, San Diego County, California, USA,
experienced one of the largest hepatitis A outbreaks in
the United States in 2 decades. In close partnership
with local healthcare systems, San Diego County Public
Health led a public health response to the outbreak that
focused on a 3-pronged strategy to vaccinate, sanitize,
and educate. Healthcare systems administered nearly
half of the vaccinations delivered in San Diego County.
At University of California San Diego Health, the use of
informatics tools assisted with the identification of at-risk
populations and with vaccine delivery across outpatient
and inpatient settings. In addition, acute care facilities
helped prevent further disease transmission by delaying
the discharge of patients with hepatitis A who were expe-
riencing homelessness. We assessed the public health
roles that acute care hospitals can play during a large
community outbreak and the critical nature of ongoing
collaboration between hospitals and public health sys-
tems in controlling such outbreaks.

epatitis A virus (HAV) is transmitted through

the fecal-oral route either by person-to-person
contact or by ingestion of contaminated food or water
(1). With the availability of the hepatitis A vaccine in
1995 and the routine vaccination of children in high-
incidence states (including California) since 1999 and
nationally since 2006, the incidence of HAV infection
has declined dramatically in the United States (2,3).
Hepatitis A vaccine is highly effective; it has a sero-
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conversion rate of ~100% (4). Nevertheless, despite
the substantial decline in HAV infection, sporadic
cases and outbreaks continue to occur.

During 2016-2018, San Diego County, California,
experienced one of the largest hepatitis A outbreaks
in the United States in 2 decades (5). This outbreak
was characterized by hepatitis A spread through
person-to-person contact among persons experienc-
ing unstable housing situations with or without illicit
drug use (5). Since 2017, similar outbreaks have been
reported in 25 states; some of the index cases in those
outbreaks were linked to San Diego. As of Novem-
ber 1, 2019, a total of 27,634 cases, 16,679 hospital-
izations, and 275 deaths have been recorded in the
United States (6).

The public health response to the outbreak in
San Diego focused on a 3-pronged strategy to vacci-
nate, sanitize, and educate (7). Local health systems,
including University of California San Diego Health
(UCSDH), closely and proactively collaborated with
San Diego County Public Health (SDCPH) to partici-
pate in the outbreak control initiatives. We report the
public health contribution of the academic medical
center through the implementation of hospital-level
prevention and outbreak management activities.

Methods

Study Setting

Our study was a retrospective review of hepatitis
A diagnoses and vaccinations administered by SD-
CPH and UCSDH. SDCPH first declared a hepati-
tis A outbreak on March 8, 2017, and traced the first
case to November 22, 2016 (Figure 1). The outbreak
control vaccination initiatives began on March 10,

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 26, No. 7, July 2020



Community Outbreak of Hepatitis A, California

Jan 23 Oct 18
Mar 8 Aug 1 Oct1 Public Health Outbreak
Outbreak ED BPA Second BPA Emergency declared
declared implemented implemented lifted over
Mar > May > Jul > Sep > Nov > Jan > Mar > May > Jul > Sep > Nov >
| 2017 | K 2018
Mar 10 Sep 1 Oct 13 Oct 15
Vaccination Public California Housing
initiative Health State available for
begins Emergency Emergency contagious
declared declared patients

Figure 1. Timeline of hepatitis A outbreak, San Diego County, California, USA, 2017-2018. BPA, best practice advisory; ED,

emergency department.

2017. SDCPH declared a public health emergency
on September 1, 2017, and California health officials
declared a state of emergency on October 13, 2017
(Figure 1). A declining number of cases resulted in
lifting of the public health emergency on January 23,
2018. SDCPH declared the outbreak over on October
18, 2018 (7) (Figure 1).

UCSDH comprises 2 geographically distinct cam-
puses within the same healthcare system. The Hill-
crest campus of UCSDH is a 386-bed hospital in the
urban center of the city of San Diego and is located at
the epicenter of the acute hepatitis A outbreak. The
Institutional Review Board at University of California
San Diego reviewed this study and deemed it to be
exempt from approval as a category 4 study.

Implementation of Hospital-Level

Outbreak-Control Initiatives

Hospital-level prevention and outbreak management
focused on a similar strategy. The strategy comprised
3 components: vaccinate, sanitize, and educate.

Vaccination

Vaccination initiatives began with self-identified
homeless patients seeking care at the UC San Diego
Medical Center Hillcrest emergency department
(ED) upon outbreak recognition in March 2017. To
optimize vaccination administration, a best practice
advisory (BPA), a customized alert in the electronic
health records (EHR) (EpicSystems, https://www.
epic.com), was constructed to flag the charts of self-
identified homeless patients starting August 1, 2017.
This BPA prompted providers to order the hepatitis
A vaccine as described in Castillo et al. (§). From June
2017 through full implementation of the interven-
tion in homeless persons in October 2017, these ef-
forts were expanded with a second BPA, designed to
identify patients with >1 of the following risk factors:
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homelessness, illicit drug use, alcohol abuse, cirrhosis,
hepatitis B infection, and hepatitis C infection. This
second BPA was constructed to increase preexposure
vaccination efforts during inpatient hospitalizations
at both campuses or when patients entered the care
system in the ambulatory clinics or urgent care cen-
ters at UCSDH. Patients were not tested for HAV im-
munity before vaccination, but with each vaccination
ordered, we reviewed the countywide vaccination
registry for prior vaccinations. In addition, we con-
tacted a subgroup of high-risk patients using the on-
line patient portal for prioritized vaccination.

In May 2017, acute hepatitis A developed in a
healthcare worker at UCSDH. The healthcare worker
had provided care to several patients hospitalized
with acute HAV infection and did not report any risk
factors for hepatitis A other than occupational expo-
sure. According to SDCPH, 7 additional healthcare
workers acquired acute hepatitis A occupationally
throughout San Diego County. Thus, healthcare per-
sonnel were deemed to be at risk, and SDCPH sup-
ported the recommendation by the UCSDH health-
care epidemiologist to offer vaccines at no charge to
healthcare workers. Priority was given to healthcare
providers with direct patient contact, along with en-
vironmental service workers and food handlers em-
ployed by the hospital, given the possibility of HAV
transmission through ingestion of contaminated
food or water. Hepatitis A vaccine and seasonal in-
fluenza vaccine were offered together as peer-to-peer
vaccines during hospitalwide influenza vaccination
drives, and hepatitis A vaccine was not denied to any
healthcare workers requesting vaccination.

Sanitation

Enhanced contact precautions were implemented in
patients with acute HAV infection during the out-
break period. These precautions were instituted in
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the setting of difficult-to-control diarrhea in patients
with HAV infection, which most likely contributed
to the documented transmission to healthcare work-
ers who had direct contact with patients. Enhanced
cleaning and disinfection were applied to rooms of
patients with hepatitis A. Given some data suggest-
ing that quaternary ammonium compounds provide
insufficient virucidal disinfection (9), rooms occupied
by patients with hepatitis A were cleaned daily with
chlorine bleach products using the same disinfection
procedures used for rooms occupied by patients with
Clostridioides difficile infection. Potluck meals on hos-
pital units were temporarily discontinued to further
reduce the possibility that healthcare workers would
acquire hepatitis A at work. In addition, because
the outbreak centered on poor sanitary conditions,
personal hygiene kits provided by SDCPH, which
included hand sanitizers, soaps, cleansing wipes,
bottled water, informational flyers, and waste bags,
were widely distributed to at-risk patients in EDs
and inpatient hospitalizations. Because the popula-
tion at risk lacked regular access to sanitary living
conditions, SDCPH coordinated with hospital staff
on discharge planning. Patients who were potentially
contagious and homeless remained hospitalized until
they were able to be discharged to a temporary shel-
ter with private restrooms. Starting October 2017, SD-
CPH contracted with a hotel for housing of infectious
patients. All hotel staff who interacted with patients
were vaccinated, and rooms were disinfected using a
standard protocol.

Education

Several articles and communications on hepatitis A
were published and disseminated in UCSDH patient-
oriented email newsletters to educate the general
public. Nurses distributed information about hepa-
titis A, along with personal hygiene kits, to at-risk
patients. Healthcare personnel were informed of the
ongoing HAV outbreak and employee vaccination
clinics through regularly scheduled UCSDH commu-
nications emails.

Data Collection

We defined a hepatitis A case as illness that met the
clinical case definition (an acute illness with a discrete
onset of any signs or symptoms consistent with acute
viral hepatitis and either jaundice or elevated serum
alanine aminotransferase or aspartate aminotrans-
ferase) with laboratory criteria for diagnosis (posi-
tive IgM) or an epidemiologic link to a person with
laboratory-confirmed hepatitis A (10). We obtained
the number of hepatitis A cases in San Diego County
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during November 1, 2016-October 31, 2018, from SD-
CPH. We obtained the number of hepatitis A cases
diagnosed at UCSDH from the infection prevention/
clinical epidemiology unit and Epic Icon (EpicSys-
tems), a data-mining software used in infection sur-
veillance. We further stratified hepatitis A cases di-
agnosed at UCSDH on the basis of whether patients
required inpatient hospitalization. We derived length
of stay using Epic Icon.

We obtained the number of hepatitis A vaccines
administered in San Diego County March 1, 2017-
October 31, 2018, through the vaccination initiative
from SDCPH. To collect the number of vaccinations
administered at UCSDH, we used Epic Slicer Dicer
(EpicSystems), a self-service analytics tool within the
Epic EHR. We further stratified vaccinations admin-
istered at UCSDH according to the locations in which
vaccinations were delivered (inpatient hospitaliza-
tion, urgent care, ambulatory clinic, ED, or occupa-
tional health) and the patients’ risk factors (homeless-
ness, illicit drug use, alcohol abuse, hepatitis B virus
infection, hepatitis C virus infection, HIV infection,
cirrhosis) within the EHR-based registries. The risk
factors were not mutually exclusive, and we stratified
data to identify patients with >1 risk factors.

Results

Hepatitis A Cases

During November 1, 2016-October 31, 2018, a total of
592 confirmed or probable outbreak-associated cases
of HAV infection occurred in San Diego County. Al-
though the initial cases of hepatitis A could be traced
back to November 2016, the outbreak was recognized
in March 2017, and cases peaked in August 2017 (Fig-
ure 2). During the 2-year period, acute hepatitis A
was diagnosed in 144 patients at UCSDH. Cases be-
gan in March 2017 and peaked in July 2017 (Figures 2,
3). Among these 144 patients, 119 (83%) were hospi-
talized (Figure 3). In comparison, before the outbreak
period (November 1, 2012-October 31, 2016), acute
hepatitis A was diagnosed in 9 patients at UCSDH, of
whom 5 (56%) were hospitalized.

The mean length of stay for the 119 patients ad-
mitted to UCSDH was 6.0 days (median 3.0 days,
range 1-57 days) (Figure 3). Mean length of stay for
all patients admitted to UC San Diego Medical Center
was 5.38 days during November 1, 2016-October 31,
2018. Starting October 2017, SDCPH contracted with
a hotel for housing of infectious patients. During No-
vember 1, 2016-September 31, 2017, before the avail-
ability of housing, mean length of stay for the 102
patients hospitalized was 6.4 days (range 1-57 days)
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(Figure 3). In comparison, during October 1, 2017-Oc-
tober 31, 2018, after housing became available, 17 pa-
tients were hospitalized; mean length of stay was 3.8
days (range 1-17 days) (Figure 3).

Vaccine Administration

During March 1, 2017-October 31, 2018, a total of
207,862 hepatitis A vaccines were administered in San
Diego County (Table 1). Vaccination efforts in San Di-
ego County began in March 2017, sharply increased in
August 2017, and peaked in October 2017. A second
peak occurred around April 2018, when the second
dose, which is typically given 6-12 months after the
primary vaccination, was due (Figure 2). Among the
207,862 vaccines delivered in San Diego, San Diego
County administered 57,052 (27%) vaccines: 23,620
(11%) by mass vaccination events, 5,820 (3%) by foot
teams, and 848 (<1%) by mobile vans (Table 1). The
remaining 150,810 (73%) vaccines were administered
by noncounty providers; 99,931 (48%) were admin-
istered by healthcare systems, which included EDs,
outpatient clinics, inpatient hospitals, and urgent

care centers. Occupational health units throughout
San Diego County administered 7,831 (4%) vaccines
(Table 1).

At UCSDH, 10,324 vaccines were administered
during March 1, 2017-October 31, 2018; 9,288 hepa-
titis A vaccine (Havrix; GlaxoSmithKline, https://
www.gsksource.com) doses and 1,036 recombinant
hepatitis A and B vaccine (Twinrix; GlaxoSmithKline)
doses were administered (Table 2; Appendix Fig-
ure, https://wwwnc.cdc.gov/EID/article/26/7/19-
1352-Appl.pdf). Similar to vaccination efforts in the
county, vaccinations at UCSDH increased sharply in
August 2017 and peaked in October 2017 and then
peaked again in April 2018 (Figures 4, 5). In compari-
son, during March 1, 2016-February 28, 2017, before
the outbreak-control vaccination initiatives, a mean
(£ SD) of 118.7 (x 17.5) hepatitis A vaccines (Havrix)
and 55.8 (£ 11.8) recombinant hepatitis A and B vac-
cines (Twinrix) were administered each month. Most
vaccines were delivered in ambulatory care clinics
(7,700 [75%]), followed by urgent care centers (1,208
[12%1) and occupational health (961 [9%]) (Table 2;
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Table 1. Adult hepatitis A virus vaccinations registered in the
vaccination registry, San Diego, California, USA, March 1, 2017—-
October 31, 2018

Vaccination reason or provider No. (%)
County
Postexposure prophylaxis 1,026 (0.5)
Jail 9,862 (4.7)
Psychiatric hospital 522 (0.3)
Public health center 13,584 (6.5)
Public health clinic 1,770 (0.9)
Field event
Mobile van 848 (0.4)
Foot team 5,820 (2.8)
Point of dispensing/mass vaccination 23,620 (11.4)
Noncounty

Federally qualified health center
Healthcare system

30,877 (14.9)
99,931 (48.1)

Pharmacy 12,171 (5.9)
Occupational health entity 7,831 (3.8)
Total 207,862 (100)

Figure 4). Illicit drug use was the most common risk
factor (2,477 [24%]) of patients who were vaccinated
at UCSDH, followed by homelessness (1,385 [13%])
and alcohol abuse (970 [9%]) (Table 2; Figure 5). For
patients experiencing homelessness, vaccinations
peaked in August 2017; for patients with risk factors
of illicit drug use, alcohol abuse, HIV, and cirrhosis,
vaccination peaked in October 2017 (Figure 5). Vac-
cination rates remained unchanged throughout the
vaccination initiative for patients with chronic infec-
tions from hepatitis B, hepatitis C, or both (Figure 5).

A total of 882 (85.1%) of 1,036 Twinrix doses
were administered in ambulatory primary and spe-
cialty care clinics. Another 117 (11%) were provided
in the urgent care setting. The Twinrix vaccination
series was administered to established patients who
also met criteria for hepatitis B vaccination, such as
patients with HIV infection, hepatitis C infection,
end-stage liver disease, or active illicit drug use, and
who were expected to return to complete the series.

A second peak of Twinrix administration occurred 6
months later in these same clinics. In contrast, Twin-
rix was administered twice at the UCSD Free Clinic,
which focused on care of the uninsured community.

Discussion

This study highlights the public health contribution
of an acute care hospital to prevention and outbreak
management activities during a hepatitis A outbreak.
Unlike many other counties in California, San Diego
does not have a county hospital; therefore, local acute
care hospitals are actively involved in the care of vul-
nerable and uninsured populations. This outbreak
and subsequent similar ones across the United States
have been characterized by direct human-to-human
spread and poor sanitary conditions disproportion-
ately affecting the homeless population and to some
extent illicit drug users (7,11-13). In response, the Ad-
visory Committee on Immunization Practices recent-
ly added homelessness as an indication for hepatitis
A vaccination (14,15).

Because this outbreak affected persons with lim-
ited access to routine medical care, outbreak manage-
ment and prevention efforts were particularly chal-
lenging. Nevertheless, close coordination between
public health and the city, behavioral health, acute
care hospitals at the epicenter of the epidemic, and
pharmacies helped contain the outbreak. Healthcare
systems provided nearly half of the vaccinations ad-
ministered in San Diego County. Although 75% of
vaccinations administered at UCSDH were delivered
at ambulatory clinics, and similar efforts occurred in
other outpatient clinics in San Diego (16), proactive
vaccination administration in EDs and urgent care
settings or during inpatient hospitalizations with
real-time access to analytics and clinical informatics

Table 2. Characteristics of adults receiving hepatitis A virus vaccine administered at University of California San Diego Health, March

1, 2017—October 31, 2018*

No. vaccines administered

Hepatitis A and hepatitis B,

Characteristic Hepatitis A, n = 9,288 recombinant, n = 1,036 Total (%), N =10,324

Location administered
Inpatient admission 135 4 139 (1)
Urgent care 1,091 117 1,208 (12)
Ambulatory clinic 6,818 882 7,700 (75)
Occupational health 865 96 961 (9)
ED BPA triggered 1,369 5 1,374 (13)

Risk factors
Homelessness 1,357 28 1,385 (13)
lllicit drug use 2,247 230 2,477 (24)
Alcohol abuse 873 97 970 (9)
Hepatitis C infection 55 49 104 (1)
Hepatitis B infection 0 0 0(0)
HIV infection 444 141 585 (6)
Cirrhosis 411 127 538 (5)

*ED, emergency department; BPA, best practice advisory.
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support were crucial given that highest-risk popula-
tion most likely had limited access to routine outpa-
tient care (8,17).

Data are sparse on the use of acute care inpa-
tient facilities as a setting for an aggressive outbreak-
control vaccination program. However, programs
to receive catch-up vaccinations among hospital-
ized children, as well as routine vaccinations against
pneumococcus and influenza during inpatient hospi-
talizations, have been shown to be effective (16-18).
Similarly, ED-based vaccination programs for pneu-
mococcus and influenza have proven successful (19-
21). Because EDs and urgent care may be the sole con-
tact of a disenfranchised population with the medical
system, data on EDs partnering with public health
departments to administer outbreak-control vaccina-
tions have increased (8,17,22).

As healthcare systems become an important site
for vaccination administration, optimizing EHR sup-
port tools is crucial in increasing vaccination rates.
Previous efforts focused on EDs only, but for this
response, UCSDH implemented EHR-based alerts
across the continuum of care to achieve higher vac-
cination rates (8). Although the direct effects of the

alerts cannot be measured, vaccination of the home-
less population peaked in August 2017 when the ED-
focused alert was first implemented, whereas vacci-
nation of other at-risk populations peaked in October
2017, when the second BPA alert with the wider
range of risk factors was implemented across all care
settings. Prior studies have shown that both comput-
erized reminders and standing orders are effective in
increasing influenza and pneumococcal vaccination
rates (23,24).

In addition, although HAV infection is not typi-
cally viewed as a healthcare-associated infection, 8
unvaccinated healthcare personnel acquired hepatitis
A in the healthcare setting during this outbreak. The
Centers for Disease Control and Prevention does not
recommend routine hepatitis A vaccination of health-
care workers because healthcare-associated HAV
infection is considered infrequent. Instead, because
hepatitis A is transmitted through the fecal-oral
route, the Centers for Disease Control and Prevention
recommends routine infection control precautions
with proper hand hygiene to prevent transmission
to hospital staffs (25). However, continued and pro-
longed exposure to patients with acute hepatitis A
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infection can result in disease in unvaccinated health-
care workers; therefore, vaccination of healthcare per-
sonnel can be considered in outbreak settings.

Finally, compared with prior outbreaks, in this
outbreak, disproportionate numbers of patients with
acute hepatitis A required inpatient hospitalization.
Prior studies have reported that hospitalization rates
for all reported hepatitis A cases were 33%-43% dur-
ing 2005-2011 (6,26-29). Before the outbreak, during
November 1, 2012-October 31, 2016, five (56%) of 9
patients in whom acute hepatitis A was diagnosed
required inpatient hospitalization. During the out-
break we report, 83% of all hepatitis A patients at
UCSDH were admitted, and their mean length of
stay was of 6.0 days. Given that this outbreak cen-
tered on homelessness and poor sanitation, hospi-
talization of patients with hepatitis A most likely
prevented continued human-to-human transmis-
sion through prolonged viral shedding in the home-
less community. Starting in October 2017, SDCPH
contracted with a hotel to arrange housing for po-
tentially infectious patients and coordinated with
hospital staff on discharge planning. Designation of
protected facilities increased housing capacity and
decreased the length of hospitalization for acutely
infected homeless patients.

Limitations to this study include its single-cen-
ter and retrospective study designs. Although other
local acute care centers participated in the outbreak
control initiatives, we do not have information about
the number of vaccinations administered and hepa-
titis A cases diagnosed at other facilities. In addi-
tion, the retrospective nature of the study precludes
a precise assessment of the direct effect of BPAs on
the number of hepatitis A vaccines administered
and the effect on vaccinations by risk factors and on
the scope of the sanitation efforts within the UCSDH
system. Finally, the effect of inpatient hospitaliza-
tions on limiting human-to-human transmission
in the homeless community cannot be definitively
demonstrated. Communitywide initiatives, in addi-
tion to hospital-level efforts, might have influenced
the actions of UCSDH providers.

Although the hepatitis A outbreak in San Diego
and California was ultimately contained, ongoing ep-
idemiologically linked larger outbreaks are occurring
in other states (6,12,13). Because acute care hospitals
play an increasing role in outbreak-control programs,
close coordination between public health and acute
care hospitals, as well as optimization of informatic
tools to improve the identification of at-risk popula-
tion, can contribute substantially to control of com-
munitywide outbreaks.
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