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Background. Knowledge of the genotypic distribution of hepatitis B virus (HBV) facilitates epidemiologic
tracking and surveillance of HBV infection as well as prediction of its disease burden. In the United States, HBV
genotyping studies have been conducted for chronic but not acute hepatitis B.

Methods. Serum samples were collected from patients with acute hepatitis B cases reported from the 6 counties
that participated in the Sentinel Counties Study of Acute Viral Hepatitis from 1999 through 2005. Polymerase chain
reaction followed by nucleotide sequencing of a 435-base pair segment of the HBV S gene was performed, and the
sequences were phylogenetically analyzed.

Results.  Of 614 patients identified with available serum samples, 75% were infected with genotype A HBV and
18% were infected with genotype D HBV. Thirty-two percent of genotype A sequences constituted a single
subgenotype A2 cluster. The odds of infection with genotype A (vs with genotype D) were 5 times greater among
black individuals than among Hispanic individuals (odds ratio [OR], 5; 95% confidence interval [CI], 2.3-10.7).
The odds of infection with genotype A were 49, 8, and 4 times greater among patients from Jefferson County
(Alabama), Pinellas County (Florida), and San Francisco (California), respectively, than among those living in
Denver County (Colorado). Genotype A was less common among recent injection drug users than it was among

non-injection drug users (OR, 0.2; 95% CI, 0.1-0.4).

Conclusions. HBYV genotype distribution was significantly associated with ethnicity, place of residence, and risk

behavior.

Hepatitis B virus (HBV) has been classified as belonging
to at least 8 genotypes (A—H) with an additional pro-
visional genotype (I) recently described from southeast
Asia [1]. Understanding of genotype distribution among
acute cases is important for epidemiologic character-
ization of HBV transmission and to control infection
[2]. Studies of the distribution of HBV genotypes have
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largely been conducted among patients with chronic
hepatitis B. These studies have associated infection by
specific genotypes with outcomes of chronic hepatitis B,
such as progression to liver cirrhosis and cancer, and
with response to antiviral therapy [3]. Owing to the long
time-lapse between acute HBV infection and the di-
agnosis of chronic hepatitis B and the variable rate
of progression from acute to chronic infection, the ge-
notype distributions among individuals with chronic
hepatitis cases may be different from those among in-
dividuals with acute infection. Furthermore, chronic
hepatitis B in the United States is primarily an imported
disease, and the majority of people who are affected by it
originate from countries where HBV infection is hy-
perendemic [4]. No study of the genotypic distribution
of HBV in acute hepatitis B has been reported from the
United States. We report here the extent of spread of
HBV genotypes among US cases of acute hepatitis B and
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the demographic characteristics and risk factors associated with
infection.

METHODS

The Sentinel Counties Study of Acute Viral Hepatitis was
a population-based study that enrolled cases of acute viral
hepatitis reported to 6 US county health departments from 1982
through 2006 [5]. The data used for this analysis were collected
from cases identified during the period 1999-2005. Participat-
ing county and city health departments originated from Jeffer-
son County, Alabama; Pinellas County, Florida; Pierce County,
Washington; Multnomah County, Oregon; San Francisco County,
California; and Denver County, Colorado. These sites were se-
lected on the basis of the reportedly higher incidence of acute
viral hepatitis before 1982. Acute hepatitis B was defined as
having a history of sudden onset of signs and symptoms con-
sistent with hepatitis together with serological detection of
hepatitis B surface antigen alone or in combination with im-
munoglobulin M antibody to hepatitis B core antigen. An ep-
idemiological investigation of all reports of acute hepatitis B
was conducted by study staff. Risk factors were assigned using
mutually exclusive hierarchies of known risk factors for HBV
infection that occurred during the 6 months prior to infection
[6]. HBV genotyping was performed by nucleotide sequencing
of a 435-base pair DNA segment amplified from the HBV S
gene (from nucleotide position 222 to 656 of HBV genome), as
previously described [7]. Phylogenetic analysis was conducted
using the neighbor-joining method [8].

Risk-ratio estimates were calculated to determine the associ-
ation between patient characteristics and HBV genotypes.

RESULTS

Of 1206 patients with acute hepatitis B identified from 1999
through 2005, 614 (51%) had serum samples from which the
HBV S gene could be amplified and sequenced. Among
patients for whom the HBV S gene was sequenced, the mean
age was 38 years (range, 14-86 years), 439 (71%) were men,
337 (55%) were white, 160 (26%) were black, 76 (12%) were
Hispanic, and 15 (2%) were Asian/Pacific Islander. Data for
country of birth were available only for patients with cases
identified from 2001 through 2005; of 446 such patients, 59
(13%) were foreign born.

Genotype

Phylogenetic trees were constructed on the basis of S gene se-
quences. A total of 462 sequences (75%) were classified as ge-
notype A, from which 456 sequences were determined to belong
to subgenotype A2 and 6 to Al. Among genotype A sequences,
3 prominent clusters with 100% similarity at the nucleotide level

were identified (Figure 1). The largest cluster, cluster I (n = 150;
32%), was identical in sequence to the “prisoners’ variant”
(HBV™Y) sequence that had earlier been characterized in Eng-
land [9]. Clusters I and III of genotype A consist of 25 (5%) and
43 (9%) sequences, respectively. The remaining 238 (52%) ge-
notype A sequences did not form prominent clusters. A total of
111 sequences, comprising 18% of the total, belonged to geno-
type D. Of these, 1 cluster, cluster IV (n = 46; 41%), segregated
separately from the other D sequences (Figure 1). The median
genetic difference among the genotype A and genotype D
sequences was 0.69% and 1.38%, respectively. The remaining
41 sequences (6%) belonged to genotypes B (0.3%), C (2.9%),
E (0.6%), F (1%), G (1.4%), and H (0.5%). In 4 sequences
belonging to genotype A (n = 2),D (n = 1),and G (n = 1),
nucleotide changes that lead to amino acid changes in the “a”
determinant that are known to be associated with vaccine-escape
mutations were identified (D144V, D144A, D144E, and T126A).
No intergenotype recombination was found. Because of the
small numbers in each group belonging to genotypes B, C, E, F,
G, and H, cases infected with these genotypes were excluded
from additional analyses. Preliminary analyses showed no dif-
ferences in the demographic characteristics of patients infected
with variants belonging to clusters I-IV or to other genotype A
and D variants not belonging to these 4 clusters. Therefore,
demographic characteristic and risk factor analyses were con-
ducted on the basis of whether patients were infected with either
genotype A or genotype D.

Demographic Characteristics

Age and sex of the patients were not significantly different be-
tween genotypes A and D (Table 1). However, race/ethnicity and
county of residence of the patients were significantly associated
with HBV genotype. The odds of being infected with genotype A
(vs D) were 5 times greater among black individuals than among
Hispanic individuals (odds ratio [OR], 5; 95% confidence in-
terval [CI], 2.3-10.7). Furthermore, the odds of being infected
with genotype A were 49 (OR, 49.1; 95% CI, 11.4-212), 8 (OR,
7.9; 95% CI, 4.0-15.4), and 4 (OR, 4.0; 95% CI, 1.8-8.7) times
greater among those from Jefferson County (Alabama), Pinellas
County (Florida), and San Francisco County (California), re-
spectively, than among those living in Denver County (Colo-
rado). The majority of patients in Jefferson County (98%),
Pinellas County (91%), and San Francisco County (83%) were
infected with genotype A. Fifty-two percent of the cases from
Pierce County and 45% of the cases from Denver were due to
infection with genotype D.

Year of Infection and Risk Factors

The distribution of cases by genotype remained relatively con-
stant over the study period (Table 1). For patients with hepatitis
B, genotype A was significantly less common among recent

752 o CID 2011:53 (15 October) o Teshale et al

220z ¥snBny /. uo Jesn sonsnp Jo Juswpedeq ‘S N AQ 880/8€/1.G/2/8/€S/CI0IE/PIO/LOD"dNO"0ILBPEDE//:SARY WO PEPEOIUMOQ



Cluster IV
] [~ (N=46)
Cluster |
. Sentinel Counties Variants m ((:2\1/;;))
. GenBank References
Cluster Il
(N=25)
Cluster Il
[~ (N=43)
-
D (111 =
(111) (=
—L_E S
H(3) |, —ic ==
T C (18) .—-:IE —
Genotype B-H Variants Genotype A Variants
(N=152) (N=462)
4% 3% 2% 1% 0 3% 2% 1% 0
Nucleotide Variation Nucleotide Variation

Figure 1. Phylogenetic trees based on a 435-base pair DNA segment amplified from hepatitis B virus S gene.

injection drug users than among those who did not use injection associations with genotype were found among persons whose
drugs (OR, 0.2; 95% CI, 0.1-0.4) (Table 1). The odds of being  risk for infection was male-to-male sex, persons who engaged
infected with genotype A also were significantly less among those ~ in heterosexual sex with multiple partners, or those who engaged
who had a history of incarceration (OR, 0.6; 95% CI, 0.4-0.9), in either male-to-male sex or heterosexual sex with an HBV-
compared with those without such a history. No significant  infected partner.
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Table 1. Demographic Characteristics and Risk Factors of
Patients With Cases of Acute Hepatitis B Virus (HBV) Infection
by HBV Genotype, Selected US Counties, 1999-2005

No. of patients

Characteristic Genotype A Genotype D OR (95% Cl)
Age, years
14-24 57 78 16 22 0.8 (.4-1.6)
25-44 287 81 68 19 1.0 (.6-1.6)
=45 118 81 27 19 Referent
Sex
Male 336 81 77 19 0.9 (.56-1.3)
Female 126 79 34 21 Referent
Race/ethnicity
White 249 78 69 22 1.6 (.9-2.9)
Black 142 92 13 8 5.0 (2.3-10.7)
Hispanic 46 69 21 31 Referent
County
Denver 46 55 38 45 Referent
Jefferson 119 98 2 2 49.1(11.4-212)
Multnomah 79 72 31 28 2.1 (1.2-3.8)
Pinellas 153 91 16 9 7.9 (4.0-15.4)
Pierce 12 48 13 52 0.8 (.3-1.9)
San Francisco 53 83 11 17 4.0 (1.8-8.7)
Year of diagnosis
1999 55 85 10 15 Referent
2000 70 79 19 21 0.7 (.3-1.6)
2001 69 78 20 22 0.6 (.3-1.5)
2002 57 70 24 30 0.4 (.2-1.0)
2003 79 77 24 23 0.6 (.3-1.4)
2004 64 91 6 9 1.9 (.7-5.7)
2005 68 89 8 11 1.5(.6-4.2)
Ever jailed
Yes 195 76 60 24 0.6 (.4-.9)
No 254 85 45 15 Referent
HBV infection risk
Men who have sex with men
Yes 125 87 18 13 1.8(1.0-3.2)
No 203 80 52 20 Referent
Injection drug use®
Yes 42 56 33 44 0.2 (.1-.4)
No 419 85 75 15 Referent
Heterosexual sex with =1 person®
Yes 118 84 23 16 1.2 (.7-1.9)
No 320 82 72 18 Referent
Sex with HBV-infected person®
Yes 28 78 8 22 1.1 (.3-3.5)
No 20 77 6 23 Referent
Nonsexual contact with HBV-infected person?®
Yes 3 75 1 25 1.2 (11-12.4)
No 33 72 13 28 Referent

Abbreviations: Cl, confidence interval; OR, odds ratio.
@ Totals may vary by subgroup because of missing data.

Country of Birth

Fifty-six percent of the 59 foreign-born patients were infected
with HBV genotype A, compared with 78% of those who were
US born (data not shown). The D genotype and the non-A,
non-D genotypes occurred more frequently among foreign-born
individuals (25% and 19%, respectively) than among US-born
individuals (17% and 5%, respectively). Although foreign-born
persons comprised only 13% of the study population, 34% of
the non-A, non-D genotypes occurred among this group.

DISCUSSION

This study is the first to evaluate the distribution of HBV gen-
otypes among acute hepatitis B cases in the United States, and,
with 614 cases included, is the largest study of HBV genotypes
among acute cases [10, 11]. All 8 known HBV genotypes were
evident among our study sample. The most common genotype
was genotype A, which occurred in 75% of the samples tested,
followed by D, which comprised 18% of the total. Phylogenetic
analysis of the S gene sequences enabled the assignment of
subgenotypes among genotype A but not genotype D sequences.
Almost all genotype A sequences belonged to subgenotype A2
(99%), with only 6 sequences classified as subgenotype Al,
indicating that, despite the diversity of subtypes worldwide
[12, 13], the majority of acute hepatitis B in the United States is
caused by a single HBV subgenotype.

The genotypic distribution of HBV among patients with
chronic hepatitis B in the United States has previously been
reported. A study that tested 527 patients attending liver spe-
cialty clinics in 8 states found that genotypes A and D accounted
for 35% and 10% of the total number of cases, respectively [4].
Furthermore, that study found a substantially higher represen-
tation of genotypes B and C, which accounted for 22% and 31%
of cases, respectively, compared with our findings of 0.3% and
2.9% for these genotypes. These differences in genotype distri-
bution are likely explained by the fact that chronic hepatitis B in
the United States is largely an imported disease that typically
affects persons who originate from regions where HBV infection
is hyperendemic, particularly east Asia, where genotypes B and C
are dominant [3, 14]. Indeed, the study involving patients with
chronic infection who were born in the United States [4] found
that 77% and 10% were infected with genotypes A and D, re-
spectively, which are similar to the 75% and 18% that we found.

In our study, the most prominent S gene cluster comprised
150 sequences, which constituted 32% of all genotype A and
25% of the total sequences examined. This cluster was found
to be identical to that of a variant that is prevalent in Europe
[9, 15-17]. It first gained prominence in England, where it was
observed to be responsible for outbreaks among inmates
of prisons in the north, and so was assigned HBV'Y (PV for
“prisoners’ variant”) [9]. HBV"" is, strictly, not a single strain
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but a cluster of closely related variants [9, 15]. Although, in
earlier investigations, the spread of HBV®" was associated with
injection drug use, it was subsequently found to be widely dis-
seminated in Europe among the general population (identified
in 23% of sporadic acute hepatitis B cases in England from 1997
through 2001 [15] and in 59% of cases in Ireland from 2004
through 2006) [16] and in outbreaks associated with a variety of
transmission risks, including blood transfusion, surgery, and
tattooing in England [15]; hemodialysis or renal transplantation
in Latvia [17]; and male-to-male sexual activity in Denmark
[18]. HBV*Y also has emerged in Japan as the dominant variant
associated with transmission among men who have sex with
men [19]. In our study, the demographic and epidemiologic
characteristics of patients infected with HBV"" were not sig-
nificantly different from those associated with genotype A as
a whole (data not shown). Collectively, HBV" and the other
genotype A strains were observed to be more common among
black patients and among those from Jefferson County, Pinellas
County, and San Francisco County. No significant associations
were found between genotype A and specific risk factors, which
suggests that this particular genotype spreads along established
transmission routes among the US population.

There are some limitations to our study. First, the findings are
limited to the geographic location where surveillance was con-
ducted. Second, serum samples were available for HBV geno-
typing from only approximately one-half of cases, so the findings
are not generalizable to acute hepatitis B cases from the Sentinel
Counties as a whole. Moreover, such sample size limitations
precluded more in-depth analysis (eg, multivariable analysis) of
genotype differences among the cases. The findings of this study
are limited to symptomatic cases of acute hepatitis B and may
not apply to individuals with asymptomatic infection.

Data from this study indicate that the vast majority of patients
with acute hepatitis B cases identified from 1999 to 2005 were
infected with HBV A2 and that, over this period, the extent of
infection with strains from this subgenotype was relatively
constant. The extensive infection, particularly by the most
dominant cluster of variants, HBV®", together with the high
conservation of the S gene, impose limitations to the utility of
the S gene for reliable molecular epidemiologic investigations of
HBV transmissions. Accordingly, the Centers for Disease Con-
trol and Prevention conducts whole-genome HBV sequencing
for epidemiological investigation of HBV outbreaks. The pre-
dominance of HBV genotype A2 also has clinical and public
health implications. Acute infection with genotype A, compared
with genotypes B, C, and D, has been observed to lead more
frequently to chronicity [19]. Furthermore, genotype A also has
been determined to favor the emergence of mutations associated
with resistance to lamivudine [20]. Another study has found
that HBV genotype A is more responsive to interferon therapy,
compared with genotype D [21]. Such differences in natural

history and responses to antiviral agents highlight the need to
maintain vigilance in the conduct of molecular epidemiological
surveillance. Molecular epidemiologic surveillance will allow
monitoring of the changing prevalence of HBV genotypes in
acute and chronic hepatitis B and will help to preempt viro-
logical changes that could correspondingly increase the burden
of disease borne by people living with HBV infection in the
United States. Furthermore, such close surveillance may facilitate
identification of highly transmissible or virulent HBV strains.
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