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Using direct chimpanzee inoculation as an assay method, we tested the abilities of the following chemical or
physical treatments to inactivate hepatitis B virus in human plasma: 1% aqueous glutaraldehyde at 24°C for 5
min, 0.1% aqueous glutaraldehyde at 24°C for 5 min, 80% ethyl alcohol at 11°C for 2 min, and heat at 98°C for
2 min. All treatments were shown to be effective, indicating that the resistance level of the hepatitis B virus is
not extreme.

Disinfection or sterilization procedures for viral hepatitis
B (HB) contamination have been suggested by a number of
workers (2-6, 11-14), yet the majority of these procedures
are based either on empirical data or on retrospective
observations obtained during or after an outbreak investiga-
tion. Since HB virus cannot be propagated in the laboratory,
few direct infectivity studies have been reported (1, 7-9, 16,
18). The only acceptable animal model for such studies is the
chimpanzee, and the scarcity and expense of these animals
make the gathering of statistically valid data extremely
difficult. In this report, the virucidal activities of glutaralde-
hyde, ethanol, and heat on HB virus in human plasma were
studied by direct chimpanzee inoculation.

MATERIALS AND METHODS
HB virus. Pooled human plasma (JHBO01) was employed

as the inoculum. The plasma pool is positive for HB surface
antigen (HBsAg), hepatitis B e antigen (HBeAg), and DNA
polymerase, and the log10 titer of HB virus is known to be
108 chimpanzee infectious doses per ml (17).
Treatment of inoculum. The disinfectant chemicals tested

were aqueous glutaraldehyde (Sterihyde; Maruishi Pharma-
ceutical Co., Osaka, Japan) at two concentrations (1 and
0.1%) and 80% (vol/vol) aqueous ethanol. Exposures of HB
virus to the chemicals were conducted as described below.

(i) 1% Glutaraldehyde. Duplicate 1-ml portions of a
1:1,000 JHB0O1 plasma dilution in phosphate buffer (pH 7.2)
were mixed with 1-ml portions of 2% (wt/vol) glutaraldehyde
to effect a final glutaraldehyde concentration of 1%. The
tubes were held at 24°C for 5 min and then the glutaralde-
hyde was neutralized by adding 1 ml of 4% (wt/vol) aqueous
sodium bisulfite to each tube.

(ii) 0.1% Glutaraldehyde. Duplicate 1-ml portions of a
1:500 JHBOO1 plasma dilution in phosphate buffer (pH 7.2)
were mixed with 1-ml portions of 0.2% (wt/vol) glutaralde-
hyde to effect a final glutaraidehyde concentration of 0.1%.
The tubes were held at 24°C for 5 min and then the
glutaraldehyde was neutralized by adding 1 ml of 0.4%
(wt/vol) aqueous sodium bisulfite to each tube.

(iii) 80% Ethanol. Duplicate 0.2-ml portions of a 1:300
JHB0O1 plasma dilution in phosphate buffer (pH 7.2) were
mixed with 0.8 ml of 99.5% (vol/vol) ethanol to effect a final
ethanol concentration of 79.6%. Tubes containing 1 ml were
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held at 11°C for 2 min and then neutralized by dilution in 200
ml of saline solution.
To determine the effects of heating at 98°C for 2 min on the

infectivity ofHB virus, duplicate 1-ml ampoules containing 1
ml of a 1:1,000 dilution of JHBOO1 plasma in phosphate
buffer (pH 7.2) were heated in a bath of liquid paraffin at
98°C. In preliminary studies with thermocouples (EM12006;
Chino Works, Tokyo, Japan) to determine the temperature
profile of the ampoules, it was shown that it took 4 min to
reach 98°C. In the actual test, the ampoules were placed in
the paraffin bath for 6 min (4 min to reach 98°C and 2 min at
98°C). After heating, the ampoules were cooled immediately
in an ice-water bath.

Inoculation and monitoring of chimpanzees. Nine wild-
caught chimpanzees (Pan troglodytes) from West Africa
between the ages of 2 and 4 years were used in these tests.
Before importation, they were shown in two separate sam-
plings to be negative for HBsAg, antibody to HBsAg (anti-
HBs), and antibody to HB core antigen (anti-HBc) by
radioimmunoassay (Ausria II, Ausab, and Corab, respec-
tively; Abbott Laboratories, North Chicago, Ill.). Before
inoculation, there was no evidence of hepatitis infection as
determined by liver biopsy and serological tests for liver
functions.
Each chimpanzee was inoculated intravenously with a

JHB001 plasma dilution treated as shown in Table 1. The
total amount of each inoculum was 3 ml treated with
glutaraldehyde and neutralized, 201 ml treated with ethanol
and diluted in saline, or 1 ml heated. After inoculation,
serum specimens were collected weekly for 14 to 17 weeks
and then every 2 weeks until 30 weeks after inoculation and
tested for HBsAg, anti-HBs, anti-HBc, and liver functions
(total protein, bilirubin, alkaline phosphatase, aspartate and
alanine aminotransferases, lactic dehydrogenase, -y-gluta-
mine transpeptidase, cholinesterase, leucine aminopepti-
dase, triglycerides). Liver biopsies were performed every
month.
Challenge of chimpanzees. To prove that the untreated

dilution of plasma was potentially infectious to the animals, a
single chimpanzee received intravenously 1 ml of a 1:1,000
dilution of JHBOO1 plasma in phosphate buffer (pH 7.2).

RESULTS
None of the chimpanzees inoculated with treated plasma

dilutions showed either abnormal liver functions or positive
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TABLE 1. Chimpanzees used in the test and plasma dilution at
treatment

Plasma dilution
No. Sex Wt. (kg) Treatment of inoculum at treatment

1 M 9.8 1% Glutaraldehyde, 5 min 1: 2,000
2 M 7.8

3 F 16.3 0.1% Glutaraldehyde, 5 min 1: 1,000
4 M 15.4

5 M 14.9 80% (vol/vol) ethanol, 2 min 1: 1,500
6 F 20.4

7 M 10.3 98°C, 2 min 1: 1,000
8 F 8.8

9 M 30.0 Untreated 1: 1,000

results for HBsAg, anti-HBs, and anti-HBc for 30 weeks
after inoculation. Liver biopsies demonstrated no histologi-
cally abnormal findings.
The chimpanzee inoculated with the untreated plasma

dilution was infected within 6 weeks after inoculation. In the
serological monitoring, the first positive results after inocu-
lation were obtained at week 6 for HBsAg, week 9 for anti-
HBc, week 32 for anti-HBs, and week 11 for alanine and
aspartate aminotransferases, and the length of time after
inoculation before HBsAg was detected was consistent with
past observations (17).

DISCUSSION
Although the number of chimpanzees used in this study

was not sufficient for statistical evaluation of the results, the
human plasma inoculum used was of relatively high HB
virus titer, and the physical or chemical treatments studied
were comparatively mild. Our results are in agreement with
the currently small amount of direct infectivity data, which
indicate that HB virus is not unusually resistant to germicid-
al treatments (1, 17).

Glutaraldehyde (2% aqueous) has been recommended for
inactivation of HB virus infectivity (2, 11, 13, 14), but only
one direct transmission study has been reported (1). In this
study, we showed glutaraldehyde in low concentration (1 or
0.1%) to be effective for HB virus inactivation within 5 min
at 24°C.

Horst et al. (4) showed that immunological reactivity of
HBsAg was not inactivated after treatment with 80% ethanol
for 3 h, and ethanol has been suggested as ineffective for
killing HB virus (3, 10, 12, 15). These recommendations
were, however, not based on prospective, direct transmis-
sion studies, but rather on retrospective observations. In our

chimpanzee study, 80% ethanol treatment for 2 min at a

rather low temperature (11°C) was shown to be effective in
killing HB virus. Bond et al. have reported similar results
with isopropanol (1), although dried inoculum was employed
in their study.
Krugman and Giles (8) reported that boiling at 98°C for 1

min inactivated infectivity of HB virus in diluted serum
without affecting antigenicity. Upon reexamination of results
at a later date (9), however, it was shown that administration
of this heat-inactivated HB virus induced inapparent infec-
tions. Soulier et al. (18) and Shikata et al. (16) reported that
treatment at 60°C for 10 h may not, depending on titer,
inactivate HB virus, and these reports are the major reasons

for the HB virus having a reputation for being highly
resistant to heat. In the past, we have also recommended
relatively severe treatments for routine processing of HB
virus-contaminated materials (6). In the study reported here,
however, we showed by direct infectivity testing that HB
virus in plasma was inactivated by heating at 98°C for 2 min.
This result indicated that the heat resistance of HB virus is
not extreme.
Although the current amount of direct infectivity data on

HB virucidal treatments is small (1, 7), our results add to the
evidence that HB virus is not exceptionally resistant to
chemical or physical germicidal treatments. Thus far, report-
ed data suggest that existing rigorous protocols for HB
contamination should be carefully reevaluated for maximum
effectiveness with a minimum of time and expense, especial-
ly since ethanol is one of the most widely used disinfectants
in hospitals, and was shown to be effective in killing HB
virus in our study. Careful attention should be paid to proper
contact time, however, since ethanol evaporates rapidly.
Also cleaning of surfaces before actual disinfection is impor-
tant for effective disinfection.
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