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Duration of Viremia in Hepatitis A Virus Infection
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The duration of viremia and time course for development of IgM antibodies were deter-
mined prospectively in natural and experimental hepatitis A virus (HAV) infection. Serial
serum samples from HAV-infected men ( ) and experimentally infected chimpanzeesn = 13
( ) were examined by nested reverse-transcriptase polymerase chain reaction analysis ton = 5
detect HAV RNA and by ELISA to detect IgM antibodies to HAV. Among infected humans,
HAV RNA was detected an average of 17 days before the alanine aminotransferase peak,
and viremia persisted for an average of 79 days after the liver enzyme peak. The average
duration of viremia was 95 days (range, 36–391 days). Results were similar in chimpanzees.
In addition, HAV RNA was detected in serum of humans and chimpanzees several days
before IgM antibodies to HAV were detected. These results indicate that adults with HAV
infection are viremic for as long as 30 days before the onset of symptoms and that the duration
of viremia may be longer than previously described.

Infection with hepatitis A virus (HAV) is the leading cause
of clinically apparent viral hepatitis in the United States [1].
HAV infection is generally self-limiting and is primarily trans-
mitted via the fecal-oral route through contact with an infected
person [2]. Although a rare occurrence, transmission through
the parenteral route is possible, with cases reported after blood
transfusions in neonates and adults [3–5]. Recently, cases of
hepatitis A have been linked to receipt of factor VIII concen-
trates in Europe [6–9] and South Africa [10] and to receipt of
factor VIII and IX concentrates in the United States [11].

We used gene amplification by the polymerase chain reaction
(PCR) to determine the frequency and duration of hepatitis A
viremia in persons with disease and in experimentally infected
chimpanzees. In addition, the genetic variation that occurred
during the course of infection was determined for selected
regions of the HAV genome.

Materials and Methods

Human subjects and serum samples. A retrospective analysis
was conducted on archived serum specimens obtained from par-
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ticipants in a clinical trial to determine the efficacy of hepatitis B
vaccine [12]. As part of the study, serum was collected from each
subject at ∼1-month intervals and were tested for alanine amino-
transferase (ALT) levels and serologic markers of hepatitis B virus
(HBV) infection. Subjects with an elevated ALT level were followed
by repeat testing until the ALT returned to normal. Subjects with
elevated ALT levels and no serologic markers of HBV infection
were subsequently tested for acute HAV infection. Archived serum
specimens and associated data have been maintained at the Centers
for Disease Control and Prevention with no link to participant
identity.

Subjects for the present study were chosen from individuals who
converted from negative to positive for IgM antibody to HAV (IgM
anti-HAV), had an available serum sample drawn !1 month before
their peak ALT, and had frequent follow-up serum samples. Be-
cause of the retrospective nature of the study, however, subjects
often did not have an archived serum specimen that corresponded
to each recorded ALT value. Serum specimens were stored at
2207C or 2707C until analyzed.

Experimental HAV infection in chimpanzees. Serum samples
were retrospectively analyzed from 2 chimpanzees inoculated intra-
venously with 106 chimpanzee infectious doses (CIDs) of an HAV
inoculum designated HLD-2 [13], 2 chimpanzees inoculated intra-
venously with 1 CID of HLD-2, and 1 chimpanzee orally inocu-
lated with 100 CIDs of HAV inoculum designated SD-11 [14, 15].
After inoculation, serial serum samples were obtained at intervals
of 3–4 days and were stored at 2707C until analyzed. Again, be-
cause of the retrospective nature of the study, sufficient sample
quantity was not available for each time point in every animal.

Anti-HAV IgM detection. Qualitative detection of IgM anti-
body to HAV was performed by enzyme immunoassay (HAVAB-
M EIA; Abbott Laboratories, Abbott Park, IL), using the over-
night incubation method.

Hepatitis C virus (HCV) antibody detection. Qualitative de-
tection of total antibody to HCV was performed by ELISA (OR-
THO HCV, version 3.0; Ortho Diagnostic Systems, Raritan, NJ).
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Figure 1. Oligonucleotide primers used for the amplification of hep-
atitis A virus (HAV) RNA from clinical specimens. External primers
were used for first-round amplification, and internal primers were used
for second-round nested amplification. Nucleotides are numbered ac-
cording to the wild-type HAV HM 175 sequence [18].

Table 1. Comparison of number of days before and after peak al-
anine aminotransferase (ALT) for polymerase chain reaction and
anti–hepatitis A virus IgM results.

Subject type and no.

Days from peak ALT

First positive
Last positive

RNA IgM RNA

Human
GO1-3664 221 125 1115
GO1-4839 233 115 165
GO1-4680 0 213 169
GO1-5731 229 111 118
GO1-1771 217 27 153
GO1-5826 0 0 136
GO1-2646 212 0 153
GO1-6834 229 0 134
GO1-5665 213 0 1383
GO2-28177 220 0 162
GO3-912 0 0 162
GO3-1120 29 29 136
GO3-2289 220 19 144

Chimpanzee (dose)
CH-1357 (106 CID) 222 211 169
CH-1537 (106 CID) 217 24 153
CH-1487 (102 oral CID) 218 23 126
CH-1562 (100 CID) 214 14 111
CH-1568 (100 CID) 214 0 111

NOTE. CID, chimpanzee infectious dose.

Specimens that initially tested positive for anti-HCV by ELISA
were confirmed by strip immunoblot assay (RIBA HCV 3.0; Chi-
ron, Emeryville, CA).

HAV RNA detection. RNA was extracted from serum by using
TriPure reagent (Boehringher Mannheim, Indianapolis, IN) in the
presence of a glycogen carrier, as described elsewhere [16]. HAV
RNA was detected by nested reverse-transcriptase PCR analysis,
using primers that identified 3 distinct areas of the genome: the
VP3/VP1 region, the VP1/P2 junction, and the 5′ untranslated re-
gion (UTR). Amplification of the capsid regions among infected
chimpanzees was performed, using previously described primers
and methods [16], whereas different primers were used for ampli-
fication of the VP3/VP1 capsid region among infected humans [17].
All primers used are listed in figure 1.

In specimens negative for HAV RNA when tested with capsid-
region primers, HAV RNA was reextracted and reamplified, using
primers for the 5′ UTR, with minor modifications to the technique
described above. The modifications were as follows: 2 mM di-
thiothreitol (Promega, Madison, WI) was added to the cDNA re-
action, and 5% dimethylsulfoxide was added to the first-round PCR
amplification reaction. In all instances, PCR products were iden-
tified by electrophoretic separation on 2% agarose gels, followed
by ethidium bromide staining for visualization.

Nucleic acid sequencing. One hundred microliters of PCR prod-
uct were purified and sequenced as described elsewhere [16]. Se-
quences were compared, using Sequence Navigator software (Ap-
plied Biosystems, Foster City, CA), and further analysis was
preformed with Wisconsin package 9.1 (Genetics Computer Group,
Madison, WI) [19].

Serum HAV concentration. The concentration of HAV was
estimated as both infectious virus plaque-forming units (pfu) per
milliliter and particles per milliliter. Cell culture–derived HAV of
known concentrations ( pfu/mL) was diluted in serum, and75 3 10
concentrations >0.05 pfu/mL were detected by the amplification
methods described above (data not shown). On the basis of a

particle:pfu ratio of ∼79:1 [20], the limit of detection for this assay
was ∼4 HAV particles/mL. Study samples with an electrophoretic
product visible by ethidium bromide staining after first-round PCR
amplification were considered to have an HAV concentration 15
pfu/mL (∼400 HAV particles/mL). These samples were subse-
quently diluted in normal human serum, and HAV RNA was ex-
tracted and amplified by nested PCR to determine the end point
positive dilution. The HAV concentration was estimated by com-
paring the signal from the end point dilution with the signal ob-
tained from cell culture–derived HAV of known concentration se-
rially diluted in normal human serum [21].

Results

HAV-Infected Humans

HAV RNA in serum. Thirteen persons met the selection
criteria and had an average of 8 (range, 3–18) serum samples
collected before and after their peak ALT. These samples were
collected from 94 days before to 677 days after the ALT peak.
HAV RNA was detected in serum specimens from all 13 study
subjects. In 1 subject, however, HAV RNA could be detected
only by amplification of the 5′ UTR.

Two study subjects had an ALT pattern consistent with
relapsing hepatitis A. Each had an initial rise and fall in ALT,
followed 1–2 months later by a second rise and fall in
ALT. HAV RNA was present in serum during the initial rise
in ALT, became undetectable once ALT levels dropped, and
reappeared during the second ALT peak. In one individual,
HAV RNA was detected throughout the initial episode of hep-
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Figure 2. Relationship of detection of hepatitis A virus (HAV) RNA to levels of antibody and liver enzyme (alanine aminotransferase, U/L)
in serum. 1, Positive for HAV RNA by polymerase chain reaction (PCR) analysis; 2, negative for HAV RNA by PCR analysis. *First detection
of IgM antibody to HAV (anti-HAV) in human (GO1-5665; A) and in experimentally infected chimpanzee (CH-1357; B).

atitis and the relapse and was intermittently detected for an
additional 150 days after the period of relapse (figure 2A).

The longest period that HAV RNA was detected before the
peak ALT was 33 days; however, HAV RNA was not detected
in 7 study subjects from whom specimens were collected 38–94
days before their ALT peak. HAV RNA was detected in 70%
(95% confidence interval [CI] 35%–92%) of study subjects
( ) with specimens collected 15–37 days before peak then = 10
ALT and in 80% (95% CI, 30%–99%) of subjects ( ) withn = 5
specimens collected within 14 days before the ALT peak. All
study individuals ( ) tested were HAV RNA positive atn = 11
the time of the ALT peak, and viremia continued in all study
subjects ( ) for 18–69 days after peak ALT. In samplesn = 13
collected >70 days after peak ALT, the number of viremic
patients declined rapidly, with only 2 (40%; 95% CI, 7%–83%)
remaining HAV RNA positive (figure 3). These 2 individuals
had HAV RNA detected 115 and 383 days after peak ALT. For
all study subjects, the mean duration that HAV RNA was de-
tected in serum was 95 (range, 36–391) days. The first and last
days of HAV RNA positivity related to the peak ALT for each
study subject are listed in table 1.

Hepatitis A viremia was not always associated with an ele-
vated ALT. In subjects who were HAV RNA positive >20 days
before peak ALT, 67% (95% CI, 24%–94%) had normal ALT
levels (!53 U/L). ALT levels in all (95% CI, 72%–99%) study
subjects became elevated by 17 days before the peak ALT, and
all were HAV RNA positive at the time of the first documented
ALT elevation. ALT values returned to normal in 42% (95%
CI, 17%–71%) of study subjects 20–69 days after the ALT peak.
For the 2 patients with viremia that persisted 170 days after
the ALT peak, one had consistently normal ALT levels, and
the other initially had normal ALT levels, but they again be-
came elevated as part of a clinical picture consistent with re-
lapsing hepatitis A. In addition, 3 subjects had ALT levels that

did not return to normal. One was HAV RNA positive at the
time he was lost to follow-up, 34 days after peak ALT. The
other 2 subjects were HAV RNA positive 65 and 383 days after
peak ALT and had persistently elevated ALT levels for 302 and
677 days, respectively, before they were lost to follow-up. The
individual with persistently elevated ALT levels for 11 year (677
days) was also anti-HCV positive and had the longest docu-
mented viremia (396 days). All other study subjects were anti-
HCV negative.

Serum samples collected 120 days before the ALT peak or
129 days after the ALT peak were found to be positive for HAV
RNA only after nested PCR and were considered to contain
!5 pfu/mL HAV (∼400 HAV particles/mL) (see Materials and
Methods). By contrast, all samples obtained in the 20-day pe-
riod before the ALT peak were HAV RNA positive after first-
round PCR amplification, as were 25% (95% CI, 5%–64%) of
samples obtained <29 days after the ALT peak. The estimated
HAV concentrations by end point positive dilution during this
49-day period were 104–105 pfu/mL (∼790,000–7,900,000
HAV particles/mL) before the ALT peak, 102–104 pfu/mL
(∼7900–790,000 HAV particles/mL) at the ALT peak, and
10–100 pfu/mL (∼790–7900 HAV particles/mL) after the peak.
The estimated HAV concentration 30 days after the peak ALT
was 1–10 pfu/mL (∼79–790 HAV particles/mL; table 2).

IgM anti-HAV. IgM anti-HAV was first detected in avail-
able serum samples ( ) 7–13 days before the ALT peak,n = 3
whereas specimens ( ) collected 17–47 days before the ALTn = 9
peak were IgM anti-HAV negative. Among 10 study subjects
with serum samples available for testing 0–13 days before the
ALT peak, 9 were IgM anti-HAV positive. The one IgM anti-
HAV–negative person did not become IgM anti-HAV positive
until 17 days after the ALT peak. Three study subjects had
sufficient serum to test only from those specimens collected 17
days after peak ALT, and all were positive (table 1).
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Table 2. Hepatitis A virus (HAV) concentration at times before
and after peak alanine aminotransferase (ALT).

Subject type and no.
Days from
peak ALT ALT (U/L) HAV (pfu/mL)

Human
GO1-1771 217 121 104

27 1790 105

0 3080 102

153 55 101

GO2-28177 220 76 104

0 230 102

129 47 102

162 39 102

GO3-1120 29 670 105

0 1040 103

136 66 101

GO3-912 0 5200 104

112 400 102

142 390 101

Chimpanzee (dose)
CH-1357 (106 CID) 222 57 103

29 235 102

0 517 104

113 57 102

169 42 101

CH-1487 (102 oral CID) 218 67 100

28 66 102

23 262 104

0 982 103

14 530 103

123 58 102

126 68 100

CH-1568 (100 CID) 214 47 100

27 43 103

14 122 102

111 52 101

NOTE. The upper limit of normal ALT levels in human subjects is 53
U/L; the upper limit of normal ALT levels of CH 1357 is 50 U/L; the upper
limit of normal ALT levels of CH 1487 is 91 U/L; and the upper limit of
normal ALT levels of CH 1568 is 63 U/L. pfu, Plaque-forming units; CID,
chimpanzee infectious dose.

Figure 3. Percentage of human study subjects positive for hepatitis
A virus (HAV) RNA before and after (in days) peak alanine amino-
transferase (ALT) levels during HAV infection.

Experimentally Infected Chimpanzees

HAV RNA in serum. The 2 chimpanzees that received the
highest HAV intravenous concentration (106 CIDs) were HAV
RNA positive at the initial serum collection 5 and 6 days, re-
spectively, after inoculation. In these animals, liver enzymes
peaked at 22 and 28 days, respectively, after inoculation, and
HAV RNA became undetectable in serum specimens collected
53 and 63 days after peak ALT. The duration of viremia in
these animals was 70 and 91 days, respectively (figure 2B).

In the chimpanzee that received 100 CIDs of HAV orally,
HAV RNA was first present in serum 21 days after inoculation,
was present for an additional 18 days until the ALT peaked,
and persisted for 26 days after the ALT peak. Altogether, HAV
RNA was detected in the serum for 44 days.

In the 2 chimpanzees that received 1 CID of HAV intra-
venously, HAV RNA was first detected in serum 14 days after
inoculation, and this persisted for an additional 14 days until
the ALT peak. In addition, both animals remained HAV RNA

positive for 11 days after the ALT peak, for a total viremic
period of 25 days (table 1).

As observed in infected humans, HAV RNA was detected in
serum before ALT elevations. Chimpanzees that received 106

CIDs were viremic 4–6 days before elevation of ALT levels,
and HAV RNA was detected 32–53 days after ALT levels re-
turned to normal. The chimpanzee that received 100 CIDs
orally was viremic 10 days before ALT levels became elevated
and remained viremic 9 days after hepatitis resolved. Similarly,
the chimpanzees that received 1 CID intravenously had HAV
RNA present for 7 days before elevation in ALT and remained
viremic for 3 days after liver enzymes returned to normal.

Serum HAV concentration in chimpanzees that received the
largest infectious inoculum (106 CIDs) rose from 102 pfu/mL
(∼7900 HAV particles/mL) 17 days after inoculation to 104 pfu/
mL (∼790,000 HAV particles/mL) at the time of the ALT peak
and subsequently decreased to 1–10 pfu/mL (∼79–790 HAV
particles/mL) during the next 35 days (table 2). The chimpanzee
that was inoculated orally had low initial serum HAV concen-
trations (10–100 pfu/mL) that rose to 104 pfu/mL 3 days before
peak ALT. After the ALT peak, virus concentrations dropped
to 10–100 pfu/mL, and eventually virus was no longer detected.
The chimpanzees that received the lowest infectious inoculum
had the lowest serum HAV concentrations at all time points;
the maximum serum concentration was 103 pfu/mL 7 days be-
fore peak ALT. There were not, however, sufficient samples to
determine virus concentration immediately before and after the
peak ALT.

IgM anti-HAV. Antibody was not detected until 3–11 days
before the ALT peak in all experimentally infected animals.
IgM anti-HAV was detected 11 days before ALT peak in 1
chimpanzee that received 106 HAV CIDs. However, the second
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chimpanzee that received 106 HAV CIDs and the chimpanzee
that received 100 oral HAV CIDs were not IgM anti-HAV
positive until 3 and 4 days before peak ALT, respectively. Of
the 2 chimpanzees that received 1 HAV CID, 1 animal became
positive at the time of the ALT peak, and the other did not
become positive until 4 days after the peak ALT (table 1).

Nucleotide sequence variation during infection. The nucleo-
tide sequence of the 2 capsid-coding regions was determined
for the earliest and latest HAV RNA–positive specimens avail-
able for each infected person and chimpanzee. In addition, the
starting inocula were sequenced for the experimentally infected
chimpanzees. In a pairwise analysis, all amplified isolates were
genotype 1a. Among the 497 nucleotides examined for each
isolate obtained from the infected humans, there was no var-
iation between an individual’s first and last specimens, a period
ranging from 36 to 391 days.

In the experimentally infected chimpanzees, there was no
sequence change in the ∼530 nucleotides examined in the in-
oculum and the first HAV RNA–positive serum specimen for
both HLD-2 and SD-11. In addition, no changes were observed
between the first and last positive serum specimens for all 5
chimpanzees over a period that ranged from 25 to 91 days.

Discussion

Retrospective studies of human HAV infection have in gen-
eral not been able to determine the duration of viremia, because
of the lack of samples obtained during the preclinical stage of
infection. The current study took advantage of serum specimens
collected during a previous clinical trial, which allowed the
prospective evaluation of serum HAV RNA during the entire
course of human infection. Our results confirm earlier findings
showing that serum infectivity was present for ∼3–4 weeks be-
fore the onset of jaundice in human volunteers experimentally
infected with HAV [22, 23] and that viremia develops 1–2 weeks
after inoculation in experimentally infected nonhuman primates
[24–26]. In addition, our study showed that high concentrations
of virus were present during the period that precedes the onset
of liver enzyme elevations and that IgM antibody to HAV was
generally not present until shortly before the onset of hepatitis.

The results of the present study also indicate that viremia
may be present for a much longer period during the convales-
cent phase of hepatitis A than was previously appreciated. In
earlier human studies, serum infectivity was present <3 days
after the onset of jaundice [22, 23], and HAV RNA was detected
for an average of 18 days after the onset of clinical symptoms
[27, 28]. We found that HAV RNA was present for an average
of 95 days during human HAV infection and that the viremia
persisted longer after the onset of symptoms (average, 79 days);
however, HAV concentration was lowest during the convales-
cent period. In addition, IgM anti-HAV was present during this
time, and previous studies have shown the presence of IgG anti-

HAV [29]. In nonhuman primates, previous studies found vi-
remic periods of ∼20 days [24–26]. Again, we found the viremic
period to be longer (range, 25–91 days), and, in general, viremia
was present for a longer period after the onset of symptoms.

Blood collected before the onset of symptoms appears to be
at highest potential risk of transmitting HAV infection because
of the high concentrations of virus and essentially no antibody.
The risk for parental transmission of HAV after the onset of
symptoms, however, is less clear. The PCR method used in this
study detected HAV RNA at the level of ∼4 HAV particles/mL
and appears to have been more sensitive than assays used in
other studies [24–28]. This level of detection, however, may be
below the number of viral particles required to establish an
acute infection.

Among the experimentally infected chimpanzees, the onset
and duration of viremia were directly related to virus concen-
tration in the inoculum. Previous studies in experimentally in-
fected chimpanzees have not shown a relationship between the
virus concentration in the inoculum and the duration of in-
cubation period, the duration of enzyme elevations, or the de-
gree of inflammatory response [30, 31]. The route of inocula-
tion, however, has been shown to shorten the incubation period
[30, 32].

Serum HAV RNA was generally detected before detection
of IgM anti-HAV. In the experimentally infected chimpanzees,
HAV RNA was detected an average of 14.4 days before IgM
antibody, and there was no association between the inoculum
size and the time between detection of HAV RNA and detection
of anti-HAV IgM antibody. The human data were similar to
the chimpanzee data in that, except for one subject, HAV RNA
was detected before anti-HAV IgM detection. Because of the
timing of the serial samples, the interval between detection of
HAV RNA and anti-HAV IgM could not be estimated precisely.

The sequence data from humans indicate that no change
occurred during the course of the infection, that relapsing in-
fection was related to the initial infecting virus, and that no
change occurred during periods of resolution that lasted for as
long as 1 year. The chimpanzee sequence data similarly show
no change between the inoculating virus, the virus isolated at
the beginning of the infection, and the virus isolated at the
resolution of the infection. This suggests that the HAV genome
remains stable throughout an infection and during passage from
person to person.

As demonstrated by case reports of hepatitis A outbreaks
related to blood products [3–11], there appears to be an interval
during the incubation period when parenteral transmission is
most likely to occur. Although PCR positivity does not equal
infectivity, our data suggest that the period during which blood
can potentially transmit HAV infection may be longer than was
previously appreciated.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/182/1/12/874975 by guest on 09 April 2024



JID 2000;182 (July) Duration of Hepatitis A Viremia 17

Acknowledgments

We would like to thank Kris Krawczynski, John Spelbring, and
Stephanie Goss, who generously providing us with data and sera from
experimentally HAV-infected chimpanzees.

References

1. Centers for Disease Control and Prevention. Hepatitis surveillance report no.
56. Atlanta: Centers for Disease Control and Prevention, 1995.

2. Mast EE, Alter MJ. Epidemiology of viral hepatitis: an overview. Semin Virol
1993;4:273–83.

3. Noble RC, Kane MA, Reeves SA, Roeckel I. Posttransfusion hepatitis A in
a neonatal intensive care unit. JAMA 1984;252:2711–15.

4. Rosenblum LS, Villarnio ME, Nainan OV, et al. Hepatitis A outbreak in a
neonatal intensive care unit: risk factors for transmission and evidence of
prolonged viral excretion among preterm infants. J Infect Dis 1991;164:
476–82.

5. Sherertz RJ, Russell BA, Reuman PD. Transmission of hepatitis A by trans-
fusion of blood products. Arch Intern Med 1984;144:1579–80.

6. Peerlinck K, Vermylen J. Acute hepatitis A in patients with hemophilia A.
Lancet 1993;341:179.

7. Mannucci PM, Gdovin S, Gringer A, et al. Transmission of hepatitis A to
patients with hemophilia by factor VIII concentrates treated with organic
solvent and detergent to inactivate viruses. Ann Intern Med 1994;120:
1–7.

8. Brackmann H-H, Oldenburg J, Eis-Hubinger AM, Gerritzen A, Hammerstien
U, Hanfland P. Hepatitis A virus infection among the hemophilia pop-
ulation at the Bonn Hemophilia Center. Vox Sang 1994;67(Suppl 1):3–8.

9. Johnson Z, Thornton L, Tobin A, et al. An outbreak of hepatitis A among
Irish hemophiliacs. Int J Epidemiol 1995;24:821–28.

10. Kedda M-A, Kew MC, Cohn RJ, et al. An outbreak of hepatitis A among
South African patients with hemophilia: evidence implicating contami-
nated factor VIII concentrate as the source. Hepatology 1995;22:1363–67.

11. Soucie JM, Robertson BH, Bell BP, McCaustland KA, Evatt BL. Hepatitis
A virus infections associated with clotting factors concentrates in the
United States. Transfusion 1998;38:573–79.

12. Francis DP, Hadler SC, Sumner TE, et al. The prevention of hepatitis B with
vaccine. Ann Intern Med 1982;97:362–66.

13. McCaustland KA, Bond WW, Bradley DW, Ebert JW, Maynard JE. Survival
of hepatitis A virus in feces after drying and storage for 1 month. J Clin
Microbiol 1982;16:957–58.

14. Purcell RH, Feinstone SM, Ticehurst JR, Daemer RJ, Baroudy BM. Hepatitis
A virus. In: Vyas GH, Dienstag JL, Hoofnagle JH, eds. Viral hepatitis
and liver disease. Orlando, FL: Grune & Stratton, 1984:9–22.

15. Robertson BH, D’Hondt EH, Spelbring J, Tian H, Krawczynski K, Margolis

HS. Effect of postexposure vaccination in a chimpanzee model of hepatitis
A virus infection. J Med Virol 1994;43:249–51.

16. Hutin YF, Pool V, Cramer EH, et al. A multistate, foodborne outbreak of
hepatitis A. N Engl J Med 1999;340:595–602.

17. Nainan O, Cromeans T, Margolis H. Sequence-specific, single-primer am-
plification and detection of PCR products for identification of hepatitis
viruses. J Virol Methods 1996;61:127–34.

18. Cohen JI, Rosenblum B, Tricehurst JR, Daemer RJ, Feinstone SM, Purcell
RH. Complete nucleotide sequence of an attenuated hepatitis A virus:
comparison with wild-type virus. Proc Natl Acad Sci USA 1987;84:
2497–501.

19. Devereux J, Haeberli P, Smithies O. A comprehensive set of sequence analysis
programs for the VAX. Nucleic Acids Res 1984;12:387–95.

20. Deng MY, Day SP, Cliver DO. Detection of hepatitis A in environmental
samples by antigen-capture PCR. Appl Environ Microbiol 1994;60:
1927–33.

21. Cromeans T, Fields HA, Sobsey MD. Replication kinetics and cytopathic
effect of hepatitis A virus. J Gen Virol 1989;70:2051–62.

22. Krugman S, Ward R, Giles JP. The natural history of infectious hepatitis.
Am J Med 1962;32:717–28.

23. Giles JP, Liebhaber H, Krugman S, Lattimer C. Early viremia and viruria
in infectious hepatitis. Virology 1964;24:107–8.

24. Asher LVS, Binn LN, Mensing TL, Marchwicki RH, Vassell RA, Young GD.
Pathogenesis of hepatitis A in orally inoculated owl monkeys (Aotus

trivirgatus). J Med Virol 1995;47:260–68.

25. Lemon SM, Binn LN, Marchwicki R, et al. In vivo replication and reversion
to wild type of a neutralization-resistant antigenic variant of hepatitis A
virus. J Infect Dis 1990;161:7–13.

26. Cohen JI, Feinstone S, Purcell RH. Hepatitis A virus infection in a chim-
panzee: duration of viremia and detection of virus in saliva and throat
swabs. J Infect Dis 1989;160:887–90.

27. Yotsuyanagi H, Iino S, Koike K, Yasuda K, Hino K, Kurokawa K. Duration
of viremia in human hepatitis as determined by polymerase chain reaction.
J Med Virol 1993;40:35–38.

28. Fujiwara K, Yokosuka O, Ehata T, et al. Frequent detection of hepatitis A
viral RNA in serum during early convalescent phase of acute hepatitis
A. Hepatology 1997;26:1634–39.

29. Margolis H, Nainan O. Identification of virus components in circulating
immune complexes isolated during hepatitis A virus infection. Hepatology
1990;11:31–37.

30. Dienstag JL, Feinstone SM, Purcell RH, et al. Experimental infection of
chimpanzees with hepatitis A virus. J Infect Dis 1975;132:532–45.

31. Maynard JE, Bradley DW, Gravelle CR, Ebert JW, Krushak DH. Preliminary
studies of hepatitis A in chimpanzees. J Infect Dis 1975;131:194–98.

32. Margolis HS, Nainan OV, Krawczynski K. Appearance of immune complexes
during experimental hepatitis A infection in chimpanzees. J Med Virol
1988;26:315–26.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/182/1/12/874975 by guest on 09 April 2024


