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ABSTRACT

Background Little is known about the relation of
the newly discovered hepatitis G virus (HGV) to the
cause and clinical course of acute and chronic viral
hepatitis.

Methods We selected patients from a surveillance
study of acute viral hepatitis in four U.S. counties
who had acute disease during 1985 to 1986 or 1991
to 1995. Serum samples were tested for HGV RNA by
the polymerase chain reaction.

Results HGV RNA was detected in 4 of 45 patients
with a diagnosis of non-A-E hepatitis (9 percent), 23
of 116 patients with hepatitis C (20 percent), 25 of
100 patients with hepatitis A (25 percent), and 32 of
100 patients with hepatitis B (32 percent) (P<0.05 for
the comparison of hepatitis B with hepatitis non-A-E
or C). The clinical characteristics of the acute illness
were similar for patients with HGV alone and those
with hepatitis A, B, or C with or without HGV infec-
tion. During a follow-up period of one to nine years,
chronic hepatitis did not develop in any of the pa-
tients with HGV alone, but 75 percent were persist-
ently positive for HGV RNA, as were 87 percent of
those with both hepatitis C and HGV infection. The
rates of chronic hepatitis were similar in patients
with hepatitis C alone (60 percent) and those with
both hepatitis C and HGV infection (61 percent).

Conclusions The evidence from this surveillance
study does not implicate HGV as an etiologic agent
of non-A-E hepatitis. Persistent infection with HGV
was common, but it did not lead to chronic disease
and did not affect the clinical course in patients with
hepatitis A, B, or C. (N Engl J Med 1997;336:741-6.)
©1997, Massachusetts Medical Society.

BOUT 10 to 15 percent of patients with
parenterally transmitted non-A, non-B hep-
atitis have no evidence of hepatitis C virus
(HCV) infection after extensive evalua-
tion and can therefore be classified as having non-
A-E hepatitis.''* As compared with patients with
acute hepatitis C, patients with acute non-A—E hep-
atitis are less likely to be jaundiced, have lower peak
alanine aminotransferase levels, and have a lower fre-
quency of chronic hepatitis (0 to 29 percent).l3*

Recently, two isolates of a new virus, designated
hepatitis GB virus C or hepatitis G virus (HGV),
were identified from patients with viral hepatitis.57
The amino acid sequences of the two isolates are 95
percent homologous, and the genomic organization
of this virus places it in the family Flaviviridae, which
includes HCV.67 Because no antigenic epitopes have
been identified that can be used to develop a sero-
logic test that detects current infection, studies of
HGYV infection are dependent on polymerase-chain-
reaction (PCR) techniques.

To determine the characteristics of acute non-A-E
hepatitis in the United States and the possibility that
it is caused by HGV, we analyzed data from patients
with acute, clinically apparent viral hepatitis who
were identified through a sentinel surveillance sys-
tem involving counties in four states since 1982.1.89

From the Hepatitis Branch, Division of Viral and Rickettsial Discases, Na-
tional Center for Infectious Diseases, Centers for Disease Control and Pre-
vention, Atlanta (M.J.A., M.G., TTM., LAM., ELM., KK, H.S.M.); and
Genelabs Technologies, Redwood City, Calif. (J.PK.). Address reprint re-
quests to Dr. Alter at the Hepatitis Branch, Mailstop G37, Centers for Dis-
case Control and Prevention, Atlanta, GA 30333.

*QOther members of the Sentinel Counties Viral Hepatitis Study Team
are listed in the Appendix.
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METHODS
Enroliment

The Sentinel Counties Study of Viral Hepatitis enrolls all pa-
tients with acute viral hepatitis reported to the county health de-
partments involved in the study: Jefferson County (Birmingham),
Alabama; Denver County (Denver), Colorado; Pinellas County
(St. Petersburg), Florida; and Pierce County (Tacoma), Washing-
ton.182 The current study included a subgroup of patients iden-
tified during two time periods who were at least 18 years old and
had serum samples available for testing: all patients with acute
non-A, non-B hepatitis during 1985 to 1986 who participated in
a prospective study of the natural history of the disease,! and all
patients with acute non-A, non-B hepatitis during 1991 to 1995
as well as a sample of 100 consecutively identified patients with
acute hepatitis A and 100 with acute hepatitis B during this pe-
riod. The groups with hepatitis A and B were balanced to include
the same proportion of injection-drug users as that found among
all the patients with hepatitis C.

Clinical criteria for inclusion in the study were a physician’s di-
agnosis of acute viral hepatitis that was based on the discrete on-
set of signs and symptoms, serum aminotransferase activity that
was more than 2.5 times the upper limit of normal, and the ex-
clusion of other causes of liver disease.:$ Serum samples were col-
lected from all patients within six weeks after the onset of illness.
Hepatitis A was defined by the presence of IgM antibody against
hepatitis A virus (HAV); hepatitis B by the presence of both hep-
atitis B surface antigen and IgM antibody against hepatitis B core
antigen or of IgM antibody against hepatitis B core antigen; and
hepatitis C by the presence of antibody against HCV (anti-HCV),
HCV RNA, or antibody against HCV native antigens in the ini-
tial or follow-up serum samples obtained from patients negative
for IgM antibody against HAV and hepatitis B core antigen.0
Patients who were negative for all these viral hepatitis markers
(non-A, non-B, non-C hepatitis) were then tested for antibody
against hepatitis E virus (HEV), and all were negative, defining
this group as having non-A-E hepatitis. All the patients were in-
terviewed to identify risk factors for hepatitis during the six
months preceding the onset of illness.$°

Follow-up

For the cohort of patients with hepatitis C or non-A-E hepatitis
identified during 1985 to 1986 who provided written informed
consent, serum samples were collected beginning six months after
the onset of acute illness, every three months thereafter for four
years, and then yearly for up to nine years. A subgroup of these
patients underwent clinical evaluation for chronic liver disease, in-
cluding liver biopsy.! For the cohort of patients with hepatitis C or
non-A-E hepatitis identified during 1991 to 1995 who provided
written informed consent, serum samples were collected beginning
six months after the onset of acute illness and every six months
thereafter for up to three years. All follow-up samples were tested
for alanine aminotransferase activity and markers of HAV, hepatitis
B virus (HBV), and HCV infection. Chronic hepatitis was defined
as a finding of two or more abnormal alanine aminotransferase val-
ues at least nine months after the onset of acute illness.!

Laboratory Studies

Serum samples were tested with commercially available radio-
immunoassays (Abbott Laboratories, North Chicago, Ill.) for hep-
atitis B surface antigen, antibody against hepatitis B core antigen,
and antibody against hepatitis B surface antigen and enzyme im-
munoassays (Abbott Laboratories) for IgM antibody against HAV,
IgM antibody against hepatitis B core antigen, and anti-HCV (a
second-version assay was used). Samples negative for anti-HCV
were retested by a third-version enzyme immunoassay (Ortho Di-
agnostic Systems, Raritan, N.J.).!! Samples that were repeatedly
reactive for anti-HCV with the use of either assay were tested by
the appropriate supplemental anti-HCV assay (Matrix HCV, Ab-
bott Laboratories, or RIBA 3.0, Chiron, Emeryville, Calif.). Test-
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ing by reverse-transcriptase PCR for HCV RNA and by fluores-
cent-antibody blocking for antibody against HCV native antigens
was carried out as described previously.10 Testing for antibody
against HEV was performed with an enzyme immunoassay that
detects antibodies against capsid proteins.!2

Available serum samples (initial and follow-up) from patients
with hepatitis C or non-A-E hepatitis were tested for HGV RNA
after nucleic acid amplification by reverse-transcriptase PCR.
RNA was extracted from 100 ul of serum with a guanidinium-—
isothiocyanate—acid phenol procedure (RNAzol, Biotecx Labora-
tories, Houston) and reverse-transcribed with Moloney murine-
leukemia virus with primer 211R located in nonstructural region
5 (NS5) of the HGV genome.” The resulting complementary
DNA was amplified for 45 cycles with primers 211R and 77F as
previously reported,” and the specificity of the PCR products was
confirmed by Southern blot hybridization with a 32P-labeled
probe (5'CTCCATCGCCAGCACTTATCTCGGTTAC3'). To moni-
tor each run, human serum samples found to be negative for HGV
RNA on at least five occasions were tested in duplicate to check
for cross-contamination, and the sensitivity was assessed by the
inclusion of an end-point dilution series of the cloning-source
plasma.” Samples that tested negative with NS5 primers were
retested with primers located in the 5’ untranslated region
(UTR-1F: 5'GTAGGTCGTAAATCCCGGTCAC3', and UTR-1R:
5'CCCACTGGTCCTTGTCAACTCG3'), and products were con-
firmed by hybridization with a 32P-labeled probe (5'GTCTCTC-
TTGACCAATAGGCGTAGCCG3').

Serum samples from patients with acute hepatitis A or hepatitis
B were tested for HGV RNA by reverse-transcriptase PCR, and
PCR products were detected fluorogenically (TagMan, Perkin-
Elmer, Applied Biosystems, Foster City, Calif.) by methods used
to detect HCV RNA.!3 Briefly, reverse-transcriptase PCR was per-
formed with the primers for the NS5 region described above, and
the PCR product was detected spectrophotometrically (model
LS50 luminescent spectrometer, Perkin Elmer) with a probe syn-
thesized with the reporter dye 6-carboxyfluorescein covalently
attached to the 5’ end and the quencher dye 6-carboxy-tetra-
methyl-rhodamine attached by a linker downstream from the
6-carboxyfluorescein.

Statistical Analysis

Frequency distributions were compared with the two-tailed
Mantel-Haenszel chi-square test or two-tailed Fisher’s exact test,
and means were compared with Student’s t-test. Stratified and lo-
gistic-regression analyses were performed to control for con-
founding variables. P values of less than 0.05 were considered to
indicate statistical significance.

RESULTS

A total of 10,533 patients with acute viral hepati-
tis were reported to the Sentinel Counties surveil-
lance system during 1982 to 1995: 5033 had hepa-
titis A (48 percent; 95 percent confidence interval,
47 to 49 percent), 3598 had hepatitis B (34 per-
cent; 95 percent confidence interval, 33 to 35 per-
cent), 1580 had hepatitis C (15 percent; 95 percent
confidence interval, 15 to 16 percent), and 322 had
non-A-E hepatitis (3 percent; 95 percent confi-
dence interval, 2.7 to 3.4 percent).

HGV Infection in Patients with Acute Non-A-E Hepatitis
or Hepatitis C

During the two periods selected for this study
(1985 to 1986 and 1991 to 1995), serum samples
were available for HGV testing from 45 of 98 pa-
tients identified as having acute non-A-E hepatitis
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(46 percent) and 116 of 266 patients identified as
having acute hepatitis C (44 percent). HGV RNA
was detected in 4 patients with non-A—E hepatitis
(9 percent) and 23 patients with hepatitis C (20
percent). There was no difference in the prevalence
of HGV infection between the two time periods, al-
though all four patients with HGV infection alone
were identified in 1985.

The demographic and clinical characteristics of
these patients were compared on the basis of their
HGYV status (Table 1). The patients with HGV infec-
tion alone were younger (all but one were less than
30 years old), but their acute clinical characteristics
were similar to those of the patients with HCV alone
or those infected with both HCV and HGV. Three of
the four patients with HGV infection alone were
jaundiced, and three (including one without jaun-
dice) had other nonspecific symptoms of viral hepati-
tis (fatigue, nausea, and loss of appetite). The patients
with no evidence of infection with a known hepatitis
virus (non-A—G) were older and had milder acute dis-
case with significantly lower alanine aminotransferase
activity, but they were more likely to be hospitalized
for their acute illness (P<<0.05, adjusted for age).

HGYV Infection in Patients with Hepatitis A or B

HGV RNA was detected in 25 of 100 patients
with hepatitis A (25 percent) and 32 of 100 patients

with hepatitis B (32 percent). The prevalence of
HGV infection was significantly higher among pa-
tients with hepatitis B than among patients with
hepatitis C or non-A-E hepatitis (P<<0.05). Most
(70 to 80 percent) of the HGV infections occurred
in persons younger than 40 years old. The clinical
characteristics of patients with HGV and either hep-
atitis A or hepatitis B were similar to those of pa-
tients with hepatitis A or B alone (data not shown).

Clinical Outcome of Patients with HGV Infection

During a follow-up period of one to nine years,
no biochemical evidence of chronic hepatitis devel-
oped in the four patients with HGV infection alone
(Table 1). In contrast, chronic hepatitis developed in
60 percent of the patients with HCV infection and
in a similar proportion (61 percent) of the patients
with both HCV and HGV infections. Chronic hep-
atitis also developed in 32 percent of the group with
non-A—G hepatitis. HGV infection persisted in 75
percent of the group infected with HGV alone and
in 87 percent of the group infected with both HCV
and HGV. In both groups of patients, detection of
HGV RNA was intermittent, with two or more neg-
ative determinations preceded and followed by pos-
itive determinations.

Only nine of the patients with persistently abnor-
mal alanine aminotransferase levels in this study had

TABLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF PATIENTS WITH ACUTE NON-A, NON-B
HEPATITIS ACCORDING TO THEIR HGV AND HCV INFECTION STATUS.

HGV ALone HCV ALone
CHARACTERISTIC (N=4) (N=93)
Age — no. (%)
<40 yr 4 (100) 63 (68)
=40 yr 0 30 (32)
Median — yr 27 34
Range — yr 16-39 18-80
Sex — no. (%)
Male 2 (50) 36 (39)
Female 2 (50) 57 (61)
Race — no. (%)
White 1 (25) 68 (73)
Nonwhite 3(75) 25 (27)
Alanine aminotransferase level
=16 times the upper level 3(75) 66 (71)
of normal — no. (%)
Median — U/liter 1680 1410
Range — U/liter 200-3240 122-7375
Bilirubin — mg/dlt
Median 9.6 4.1
Range 0.6-30.9 0.5-25.5
Hospitalized for acute illness 1 (25) 15 (16)
— no. (%)
Chronic hepatitis — no. (%)} 0 50 (60)
Persistent HGV infection 3(75) —
— no. (%)

HCV ano HGV ~ Non-A-G
(N=23) (N=41) CHI-SQUARE* P VALUE
7.70 0.05
18 (78) 21 (51)
5 (22) 20 (49)
31 39
19-97 20-83
5.03 0.17
14 (61) 22 (54)
9 (39) 19 (46)
7.51 0.06
17 (74) 23 (56)
6 (26) 18 (44)
17 (74) 12 (29) 23.15 <0.001
1673 335 — <0.01
630-2630 179-4410
4.5 3.6 — >0.05
0.8-18.6 0.4-18.7
3(13) 14 (34) 6.61 0.08
14 (61) 12 (32) 13.24 <0.01
20 (87) —

*A two-by-four table of comparison was used, with 3 df.

1To convert values to micromoles per liter, multiply by 17.1.

$Only 84 of the patients with HCV alone and 38 of those with non-A—G hepatitis were followed for at least nine months.
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