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We implemented subgenomic and whole-genome sequenc-
ing to support the investigation of a large hepatitis A virus
outbreak among persons experiencing homelessness, us-
ers of illicit drugs, or both in California, USA, during 2017—
2018. Genotyping data helped confirm case-patients, track
chains of transmission, and monitor the effectiveness of
public health control measures.

he United States has seen a resurgence of hepatitis A vi-

rus (HAV) infections; several states have reported out-
breaks of HAV subgenotype IB, primarily among persons
experiencing homelessness and users of illicit drugs (/). In
California, during November 2016-May 2018, an outbreak
of HAV IB infections resulted in 708 case-patients, 465 hos-
pitalizations, and 21 deaths (/; https://www.cdph.ca.gov/
Programs/CID/DCDC/CDPH%20Document%?20Library/
Immunization/2016-18CAOutbreakAssociatedDrugUse-
Homelessness.pdf). To better respond to the surge in hepati-
tis A cases and facilitate vaccine acquisition and distribution,
California declared a public health emergency in October
2017 (2). As part of this response, the California Department
of Public Health implemented molecular genotyping of HAV
to support epidemiologic investigation of suspect cases.

We requested serum samples for symptomatic, HAV
IgM—positive case-patients from local public health juris-
dictions for genotyping. We amplified a segment of the
HAV viral protein 1-amino terminus of 2B (VP1-P2B)
genomic region by using nested reverse-transcription
PCR and performed sequencing on 160 specimens col-
lected during August 2017-May 2018 (3; Appendix,
https://wwwnc.cdc.gov/EID/article/25/8/18-1489-Appl.
pdf). HAV subgenotype classification by VP1-P2B se-
quence yielded 48 IA-positive, 109 IB-positive, and 3 II-
IA-positive specimens (Figure, panel A). We identified 19
unique HAVIA VP1-P2B sequences with an overall average
genetic distance of 0.043 nt substitutions per site. Eighteen
(37.5%) HAV 1A specimens yielded sequences that matched
2 sequences (VRD 521 2016 and RIVM-HAV16-090),
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previously associated with HAV outbreaks among men
who have sex with men (MSM) (4,5). All 18 case-patients
were male, and all but 1 identified as MSM.

We identified 11 unique VP1-P2B sequences with
an overall average genetic distance of 0.014 nt substitu-
tions per site among the HAV IB specimens. Phylogenetic
analysis indicated 2 distinct HAV IB clusters: 1 cluster of
9 closely related sequences (CA IB cluster) identified from
107 California patients, and 1 cluster of 2 specimens match-
ing sequences associated with a concomitant outbreak in
Michigan (MI IB cluster) (/; Figure). Both case-patients
with MI IB strains reported traveling to Michigan during
the probable period of exposure. A search of GenBank and
Hepatitis A Laboratory Network databases failed to reveal
any exact matches to the CA and MI IB outbreak sequences
(6; https://www.rivm.nl/en/Topics/H/HAVNET). However,
Hepatitis A Laboratory Network sequence similarity analy-
sis showed that the CA IB strains were most closely related
to strains found in the Middle East and the MI IB strains to
strains found in East Africa (data not shown). Three speci-
mens with unique VP1-P2B sequences were classified as
subgenotype IIIA, a genotype rarely reported in the United
States (7). Two of these IIIA sequences (V17507440 and
V18S00013) shared 99.1% and 99.7% sequence identity,
respectively, with strains from a 2018 outbreak in Denmark
associated with dates imported from Iran (S. Midgley, Stat-
ens Serum Institut, Denmark, pers. comm., email, 2018
Aug 22). Neither of those case-patients had traveled inter-
nationally or had other known HAYV risk factors within their
exposure period. However, 1 case-patient had consumed
dates from Iran, and the other reported eating dates from a
local Middle Eastern grocery store.

We processed selected specimens representing the ma-
jor IB VP1-P2B sequence variants for whole-genome se-
quencing (Appendix). Whole-genome sequencing of HAV
can provide higher resolution strain typing than sequenc-
ing of short subgenomic regions (§). We deposited nearly
complete genome sequences (7,306 nt) for strains represent-
ing the CA and MI outbreaks in GenBank (accession nos.
MH577308-14). Phylogenetic comparison with other IB ge-
nome sequences in GenBank confirmed that the CA and MI
IB outbreak sequences represented distinct clades (Figure,
panel B). The CA IB outbreak strains shared 95.5%-95.6%
nt and 99.7% aa sequence identity with the HAV IB reference
strain, HM175. Similarly, the MI IB outbreak strains shared
95.8% nt and 99.6% aa sequence identity with HM175.

We rapidly implemented genotyping to help guide the
public health response to a surge in reported HAV infec-
tion cases in California. Paired with epidemiologic data,
genotyping information was used to confirm cases, dis-
tinguish outbreak-related cases from sporadic cases, track
modes and chains of transmission, and identify popula-
tions at increased risk for infection. Our study revealed
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Figure. Phylogenetic analysis of HAV sequences from California, USA, and reference sequences. A) Comparison of VP1-P2B
sequences obtained for 160 specimens. The number of specimens represented by each VP1-P2B sequence is indicated within
parentheses. B) Comparison of nearly complete genome sequences (7,306 nt) for representative subgenotype IB cluster strains
with HAV IB strain sequences found in GenBank. The genome sequence (M14707.1) represents the IB reference strain (HM175).

A HAV subgenotype IA sequence (AB020564.1) was used as outlier for the analysis of the nearly complete genome sequences.
Sequence alignments were performed with ClustalW (http://www.clustal.org), and the dendrograms were generated using the
neighbor-joining algorithm and Kimura 2-parameter evolutionary model. Dendrogram branches corresponding to subgenotype
lineage are labeled. Identified clusters of HAV are shown to the right of each dendrogram. HAV, hepatitis A virus. Scale bars indicate

evolutionary distance.

several phylogenetic clusters of HAV. A large cluster of IB
strains was confirmed as the primary cause of an outbreak
that was chiefly transmitted person-to-person and was as-
sociated with risk factors of homelessness and illicit drug
use (/). Genetically similar strains and risk factors have
since been described for outbreaks in other states (/7).
Partly because of these outbreaks, hepatitis A vaccina-
tion was recently recommended for persons experiencing
homelessness; recommendations for vaccination of us-
ers of injection and noninjection drugs were established
in 1996 (9,10). By April 2018, implementation of public
health control measures, including educational awareness
and targeted vaccination and environmental remediation,
reduced the number of reported HAV infection cases to
baseline levels in California.

Limitations of our investigation were the paucity of ar-
chival genotyping data from California for strain compari-
sons and the lack of genotyping capabilities during early
stages of the IB outbreak. Sustained public health laboratory
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capacity for HAV genotyping, along with diligent epide-
miologic surveillance, offer the opportunity to detect out-
breaks earlier and monitor the effectiveness of prevention
and control efforts in California.
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We studied the clinical and epidemiologic features of an
outbreak of Crimean-Congo hemorrhagic fever in Her-
at Province, Afghanistan. The study comprised 63 pa-
tients hospitalized in 2017. The overall case-fatality rate
was 22.2%; fatal outcome was significantly associated
with a negative IgM test result, longer prothrombin time,
and nausea.

Crimean-Congo hemorrhagic fever (CCHF) is a geo-
graphically widespread tickborne disease caused by
the CCHF virus (genus Orthonairovirus, family Nairoviri-
dae). In humans, CCHF is associated with a case-fatality
rate (CFR) of 5%—-50% (/) and is considered a major public
health threat (2).

CCHF cases were first reported in Afghanistan in
1998; no additional cases were reported until 2007 (3).
During 2007-2016, the Afghanistan Ministry of Public
Health documented 478 cases, of which Herat Province ac-
counted for 263 (55.0%) (4). In 2017, an unusual increase
in CCHF cases occurred in Afghanistan, mostly in Herat
Province (Appendix Figures 1, 2, https://wwwnc.cdc.gov/
EID/article/25/8/18-1491-Appl.pdf). We analyzed the
clinical and epidemiologic features of this outbreak.

A descriptive case series study at Herat Regional Hos-
pital during January—December 2017 was undertaken.
Clinical and epidemiologic features of all confirmed and
probable CCHF cases were recorded. The Human Ethics
Committee of Herat University approved the study proto-
col (approval #0317).

The first recorded case in this study occurred in a
90-year-old male farmer who visited Herat Regional Hos-
pital on May 5. Later, more patients sought care for acute
febrile syndrome matching the World Health Organization
CCHF case definition (5). A total of 64 patients sought care
for CCHF signs and symptoms over a 6-month period, of
whom 1 did not consent to hospitalization and left the hos-
pital without medical consultation.
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