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Abstract. A non-invasive testing method to determine hepatitis B virus (HBV) carrier status in pregnant
women was evaluated. Paired serum and saliva samples were collected and assessment of hepatitis B
markers were performed. Ofthe 502 women enrolled, 5.6% (28/502) of their sera were found to be positive
for HBV surface antigen (HBsAg). Assessment of 28 HBsAg seroreactive and 200 HBsAg sero-non-
reactive paired saliva samples showed that 17 saliva contained HBsAg. Fourteen of the saliva reactive
samples were matched to the serum reactive samples (50% sensitivity); and 3 saliva samples were positive
for HBsAg among 200 subjects seronegative for HBsAg (98.5% specificity). Seven of the 28 HBsAg
positive sera were found to be reactive for HBV envelope antigen (HBeAg) (25%). One of seven HBeAg
serorcactive and 16 HBeAg seronegative paired saliva samples tested were non-reactive for HBeAg. This
report found a non-invasive saliva testing method to be a possible alternative approach for determining

chronic HBV carrier status if the sensitivity of the test can be improved.

INTRODUCTION

Worldwide, chronic HBV infection is a leading
cause of chronic hepatitis, cirrhosis, and hepato-
cellular carcinoma (Bloom ef al, 1993). As such,
HBYV is a major cause of morbidity and mortality,
especially in developing countries where the preva-
lence of chronic infection is highest. Numerous
incidence studies have been conducted to evaluate
perinatal transmission of HBV from chronically
infected, HBsAg-positive mothers to infants at birth.
These studies have consistently indicated that
chronic infection follows in a very high percentage
(80-90%) of infants born to extremely infectious
HBsAg/HBeAg-positive carrier mothers and fol-
lows in a much lower percentage of infants born to
less infectious HBsAg-positive/HBeAg-negative
mothers (Beasley er al, 1977, 1981; Hyams, 1995).

Chronic HBV infection can be prevented in
most infants born to carrier mothers whoare HBeAg-
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negative by giving the hepatitis B vaccine alone.
However, in children born to highly infections
mothers with HBeAg, hepatitis B immune globulin
(HBIG) is required, in addition to the hepatitis B
vaccine, to prevent transmission. Unfortunately,
both hepatitis B vaccine and HBIG are very expen-
sive, and it is not possible in many developing
countries to vaccinate all newborns against HBV
infection regardless of maternal infection. How-
ever, by testing pregnant mothers prior to delivery
for HBsAg and HBeAg, the infants most at risk of
chronic infection can be identified and vaccination
targeted at this group, particularly infants requiring
additional HBIG prophylaxis.

A cheap and non-invasive method for testing
pregnant women for HBV infection would be in-
valuable in developing countries where contami-
nated needles and syringes are sometimes re-used
and patients are reluctant to provide blood samples.
Use of a non-invasive testing method would pre-
ventunnecessary infectious disease transmission to
mothers and their children and would facilitate the
prevention of HBV transmission to infants by iden-
tifying carrier mothers. In addition, non-invasive
test methods could prove to be cheaper and safer in
the diagnosis of acute and chronic hepatitis in
different groups of patients.
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Two major oral fluid collection systems have
been proposed. One includes the capture of saliva
(Frerichs et al, 1992; de Azevedo Neto et al, 1995)
and the other buccal cavity fluid (Soto-Ramirez et
al, 1992; Thieme et al, 1992). Both methods re-
quire clinical samples that contain similar antibody
and infectious agent antigen to that found in blood.
This study evaluates the Saliva Diagnostic Systems
(SDS) Inc (Vancouver, WA) saliva collection de-
vice to assess the chronic hepatitis status of preg-
nant women.

MATERIALS AND METHODS

Clinical specimens

The study population included 502 women in
varying stages of pregnancy who attended the pre-
natal clinic at Dr Jose Fabella Memorial Hospital,
Manila, Philippines. After providing informed
written consent, a 10 ml volume of venous blood
and a 1 ml saliva sample were obtained from each
participant to determine the presence of HBV
serologic markers. The samples were coded with-
out personal identifiers and analyzed blindly at the
US Naval Medical Research Unit No. 2 (NAMRU-
2), Jakarta, Indonesia.

Collection of saliva samples

OMNI-SAL sterile saliva collection devices sup-
plied by SDS Inc, were used as directed by the
manufacturer. Briefly, a collection pad was placed
into the mouth, beneath the tongue and behind the
teeth, ofeach volunteer. With the mouth closed, the
pad absorbed saliva for approximately 2 minutes
until it was well saturated (wet and limp). Subse-
quently, the pad was removed and inserted into a
tube containing 1 ml of transport buffer, mixed and
transferred to the laboratory. Saliva eluate was
separated from the pad and stored at -20°C until
assayed.

Assays

All 502 serum samples were tested for HBsAg
utilizing the commercial kit-Auszyme Monoclonal
EIA procedure A (Abbott Laboratories, Abbott Park,
IL) following the manufacturer’s instructions. In
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addition, each sample positive for HBsAg was sub-
sequently tested for HBeAg and anti-HBe [HBe
(rDNA) EIA, Abbott Laboratories].

Saliva samples were assessed (blindly) by simi-
lar procedures to those described for serum samples
above, unless otherwise stated. The Auszyme
Monoclonal EIA procedure D was used for 228
saliva tested for HBsAg. This assessment included
28 HBsAg seroreactive and 200 randomly chosen
HBsAg seronegative paired saliva samples.
Auszyme procedure D was employed because it
used an increased volume of conjugate (200 ul;
instead of the 50 pl described in procedures A-C)
which elevated the sensitivity for detecting HBsAg
in saliva. For determination of the presence of
HBeAg in saliva, one HBeAg seropositive and 16
HBeAg seronegative paired saliva had sufficient
volume for testing. Also, eight seropositive and 10
seronegative anti-HBe paired saliva samples were
assayed for anti-HBe. For the anti-HBe assays, the
saliva were appraised utilizing 50-200 pl volumes,
whereas the manufacture’s pamphlet recommends
the use of only 50 pl of serum for the same proce-
dure. Increased volumes were used to try to in-
crease the sensitivity of the anti-HBe test.

For the HBeAg, anti-HBe and HBsAg assays,
seronegative saliva samples were employedin place
of the kit negative controls to determine the cutoff
values for reactivity. This was done because all
saliva samples (200 pl) would have been consid-
ered reactive for the HBeAg and anti-HBe assays,
regardless of seroreactivity, due to increased ab-
sorbance. The cutoffs determined by calculating
the saliva seronegative control mean (NCx) for
HBsAg were only slightly higher than those calcu-
lated with the kit negative controls, and therefore
did not alter the outcome of these assays. For the
anti-HBe assays, OD values that were less than or
equal to (NCx-PCx)/2 were considered to be reac-
tive. For HBsAg and HBeAg assays, values above
NCx plus 50 or 60, respectively, were considered
reactive. Only repeatedly reactive saliva or serum
samples were considered positive.

RESULTS

HBsAg testing of 502 serum samples from preg-
nant Filipino women found 28 (5.6%) were reactive
for HBsAg. Follow up assessment of the 28 HBsAg
seropositive and 200 randomly selected HBsAg
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seronegative paired saliva samples for HBsAg re-
activity discovered that 17 saliva samples were
positive for HBsAg. Asshown in Table [, fourteen
saliva samples from 28 subjects seroreactive to
HBsAgalso werereactive to HBsAg (50% sensitiv-
ity), and three of the 200 seronegative paired saliva
samples were falsely positive for HBsAg (98.5%
specificity).

HBeAg presence in HBsAg reactive and non-
reactive serum and saliva samples were subsequently
assessed. Seven of the 28 HBsAg reactive sera
were found to be reactive to HBeAg (25%). Of the
seven reactive serum samples only one of the corre-
sponding saliva samples was available for testing
and this specimen was HBeAg non-reactive. None
of 16 HBeAg seronegative saliva samples assayed,
were found to be reactive for HBeAg.

Anti-HBe reactivity was assessed in 52 serum
samples and 18 paired saliva samples. Twenty-six
of the 52 serum samples tested were found to be
anti-HBe reactive. All saliva samples assessed at
the manufacture’s recommended volume of 50 ul
were negative for anti-HBe. However, when the
sample volume was increased to 200 pl, all the
samples appeared to be reactive, regardless of se-
rum anti-HBe reactivity. These apparent false posi-
tive reactions were subsequently found to be nega-
tive when we modified the manufacturer’s protocol
to include negative control saliva samples as op-
posed to the negative controls included in the kit.
Thus, the lack of sensitivity of the anti-HBe assay
could not be overcome by increasing the volume of
saliva tested.

DISCUSSION

In this study, 5.6% of blood samples obtained
from pregnant women attending a prenatal clinic

in Manila, Philippines, were found positive for
HBsAg. In a large portion (50%) of the HBsAg
seropositive women we also found HBsAg reac-
tivity in the paired saliva samples (Table 1). Be-
cause of the potential transmission of HBV from
HBsAg-positive mothers to their child at birth, the
HBsAg marker of chronic hepatitis B infection
provides a consequential signal to the health care
provider for the appropriate use of intervention
strategies (eg treatment with hepatitis B vaccine
and HBIG).

The need for identifying HBV carriage and po-
tentially preventing HBV infection in children is
critical because this age group is most susceptible
to chronic infection (Hyams, 1995). However, the
ability to identify newborns at risk of HBV infec-
tion can: be limited by the expense and potential
danger of blood collection procedures used in de-
veloping countries. Therefore, it is important to
find alternative methods for the identification of
HBYV carriage, and we believe that the saliva collec-
tion protocol described here may be useful, if the
sensitivity of this method can be improved.

The SDS Omni-Sal saliva collection device was
found easy to use, and the volunteers readily ac-
cepted the collection method. The inability to
detect viral markers in all saliva of seroactive indi-
viduals analyzed using the Abbott commercial EIA
kits, might be overcome in the future by modifica-
tion of these kits, However, increasing the volume
of saliva assessed did not enhance the sensitivity of
the assays. We found that enlarging the saliva
volume tested in the anti-HBe procedure from 50 to
200 ul only increased the observance of non-spe-
cific reactivity. It is unclear what the interfering
substance was that resulted in the high OD values
observed for all case and control saliva samples
assayed.

Table 1

Sensitivity and specificity of saliva testing method for hepatitis B carrier status.

+ HBsAg - + HBeAg - + Anti-HBe -
Sera 28/502¢ 474/502 21/28 26/52 26/52
Saliva 14/28 3/200 0/16 0/8 0/10
Sensitivity 50% n/a n/a 0% n/a
Specificity n/a 98.5% 100% n/a 100%

* Number reactive samples/total number of samples tested.
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Saliva testing for evidence of exposure to HBV
(Heatcote et al, 1974; Feinman et al, 1975; Parry et
al, 1987, Siddiqi et al, 1988; Parry et al, 1989;
Thieme et al, 1992), HAV (Parry et al, 1987, 1989;
Laufer et al, 1995; Thieme et al, 1992), HCV
(Thieme et al, 1992), HIV (Archibald et al, 1986;
Parry et al, 1987; Shoeman et al, 1989; Frerichs et
al, 1992; Soto-Ramirez et al, 1992) and other patho-
genic viruses (Parry et al, 1987; Perry et al, 1993;
-de Azevedo Neto, 1995) hasbeen extensively evalu-
ated. In these studies the obvious benefits for
utilizing non-invasive techniques were found to
include: 1) ease of use-because saliva collection
devices do not require professionally trained per-
sonnel to perform the procedure; 2) increased com-
pliance due to less pain and discomfort; 3) minimi-
zation of nosocomial infections due to contami-
nated needles and syringes; 4) increased number of
samples collected and processed; and 5) decreased
cost of specimen collection. These beneficial char-
acteristics have ultimately led to the FDA approv-
ing the collection of oral fluid specimens (OraSure
HIV-1 Oral Specimen Collection Device, Epitope
Corporation of Beaverton OR) and a specific test
used to analyze the specimens for the presence of
antibodies to HIV (Oral Fluid Vironostika HIV-1
Microelisa System, Organon Teknika Corp, Dur-
ham, NC).

In conclusion, we have found that the inexpen-
sive, non-invasive testing method described in this
paper for laboratory diagnosis of chronic HBV
infection (presence of HBsAg in saliva) to be a
possible alternative procedure to that of serum test-
ing, especially in populations in which individuals
are reluctant to provide blood samples and/or there
is a potentiality of re-use of blood collection de-
vices.

ACKNOWLEDGEMENTS

This research was supported by the US Naval
Medical Research and Development Command,
Bethesda, MD, USA, Work Unit Nos. 62787A3-
M162787A80ARS and 62787A-001. 01EAX1288.
The opinions and assertions contained herein are
the private ones of the authors and are not to be
construed as official or as reflecting the views of
the US Navy or the Department of Defense.

Wiwiek Riberu for her technical assistance, and
Lily Alquiza, Natty Ramilo, Grace de Jesus, Linda

Vol 27 No.1 March 1996

Junio and Maricon Rabelas for their assistance in
collecting and processing the clinical specimens.
Nora Eskes and Lindsay F. Hofman, PhD for their
valuable advice.

REFERENCES

Archibald DW, Zon LI, Groopman JE, Allan JS, McLane
MF, Essex ME. Salivary antibodies as a means of
detecting human T cell lymphotropic virus type. III:
lymphadenopathy-associated virus infection. J Clin
Microbiol 1986; 24 : 873-S.

Beasley RP, Trepo C, Stevens CE, Szmuness W. The e
antigen and vertical transmission of hepatitis B sur-
face antigen. Am J Epidemiol 1977; 105 : 94-8.

Beasley RP, Hwang L-Y, Lin C-C, et al. Hepatitis B
immune globulin (HBIG) efficacy in the interrup-
tion of perinatal transmission of hepatitis B virus
carrier state. Lancet 1981; 2 : 388-93,

Bloom BS, Hillman AL, Fendrick AM, Schwartz JS. A
reappraisal of hepatitis B virus vaccination strate-
gies using-cost effectiveness analysis. Ann Int
Med 1993; 118 : 298-306.

de Azevedo Neto RS, Richards A, Nokes DJ, ef al.
Salivary antibody detection in epidemiological sur-
veys: a pilot study after a mass vaccination cam-
paign aganist rubella in Sao Paulo, Brazil. Trans R
Soc Trop Med Hyg, 1995; 89 : 115-8.

Feiman SV, Krassnitski O, Sinclair JC, Wrobel DM,
Berris B. Hepatitis B surface antigen in saliva of
HBsAg carriers. J Lab Clin Med, 1975; 85 : 1042-
8.

Frerichs RR, Htoon MT, Eskes N, Lwin S. Comparison of
saliva and serum for HIV surveillance in developing
countries. Lancef 1992; 2 : 1496-9.

Heathcote J, Cameron CH, Dane DS. Hepatitis-B antigen
in saliva and semen. Lancet 1974;1: 71-3.

Hyams KC. Risks of chronicity following acute hepatitis
B virus infection: review. Clin Infect Dis 1995,
20 : 992-1000.

Laufer DS, Hurni W, Watson B, et al. Saliva and serum
as diagnostic media for antibody to hepatitis A virus
in adults and in individuals who have received and
inactivated hepatitis A vaccine. Clin Infect Dis
1995; 20 : 868-71.

Parry JV, Perry KR, Mortimer PP. Sensitive assays for
viral antibodies in saliva: An alternative to test on
serum. Lancet 1987, 2 : 72-5.

Parry JV, Perry KR, Panday S, Mortimer PP. Diagnosis
of hepatitis A and B by testing saliva. J Med Virol.
1989; 28 : 255-60.

83



SOUTHEAST ASIAN J TroP MED PuUBLIC HEALTH

Perry KR, Brown WG, Parry JV, Panday S, Pipkin C,
Richards A. The detection of measles, mumps, and
rubella antibodies in saliva using antibodies capture
radioimmunoassay. J Med Virol 1993; 40 : 235-40.

Shoeman RL, Pottathil R, Metroka G. Antibodiesto HIV
in saliva. N EnglJ Med 1989; 320 : 1145-6.

Siddigi MA, Abdullah S. An antigen capture ELISA for
secretory immunoglobulin A antibodies to hepatitis
B surface antigen in human saliva. J Immunol Meth
1988; 114 : 207-11.

84

Soto<Ramirez LE, Hernandez-Gomez L, Sifuentes-
Osornio J, et al. Detection of specific antibodies in
gingival crevicular transudate by enzymelinked
immunosorbent assay for diagnosis of human
immunodeficiency virus type 1 infection. J Clin
Microbiol 1992; 30 : 2780-3.

Thieme T, Yoshihara P, Piacentini S, Beller M. Clinical
evaluation of oral fluid samples for diagnosis of
viral hepatitis. J Clin Microbiol 1992; 30 : 1076-9.

Vol 27 No.1 March 1996





