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Markers of hepatitis viruses A and B: direct
comparison between whole serum and blood
spotted on filter-paper

G. ZOULEK,1 P. BURGER, & F. DEINHARDT3

The use ofblood spotted onfilter-paper is a cheap and convenient methodfor collecting,
storing and transporting samples for analysis of markers of hepatitis virus B. Vaccine
against viral hepatitisB is now available but is expensive, and, in order to make the best use
of it, large-scale screening programmes need to be carried out in endemic areas prior to
immunization campaigns. The sensitivity of the filter-paper method was compared with
that of the analysis of whole serum, and the epidemiological data produced by the two
methods were analysed. It wasfound that analysis ofeluates ofbloodspotted onfilter-paper
cannot be recommended ifaccurate results are wanted, since large numbers ofseropositive
persons are likely to be missed; however, it may be a suitable methodfor detecting HBsAg-
carriers and most anti-HBs-positive individuals prior to an immunization campaign.

The use of blood (1, 2) or serum (3) spotted on
filter-paper is a convenient and cheap method for the
collection and storage of samples for analysis of
markers of hepatitis virus B. The method has many
advantages for large-scale serosurveys: no needles,
syringes, or tubes are needed, and the blood is easily
collected by pricking a finger or heel (convenient for
collecting blood from babies and small children); in
addition, samples are dried and stored at room tem-
perature, occupy little space, and can be readily trans-
ported. The disadvantages of the method are its
reduced sensitivity compared to analysis of whole
serum (2) and that dried blood haemolyses when it is
dissolved in buffered saline, making it unsuitable for
some tests. If a sufficient amount of serum rather
than blood is spotted on fitlter-paper, no storage,
transportation, or sensitivity problems arise (3), but
this method involves collecting venous blood with the
additional costs of needles, syringes, and tubes.

Since a vaccine against viral hepatitis B is now
available, large screening programmes need to be
carried out in endemic areas prior to immunization.
Use of the filter-paper method would reduce costs,
but little is known about whether the results are com-
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parable to those obtained by analysis of whole
serum.

Here we report on the sensitivity of the method to
detect different markers of hepatitis viruses A and B
using analysis of whole serum as the standard refer-
ence method. The effect of the detection level on the
epidemiological data was also studied.

MATERIALS AND METHODS

Study population
Eighty-six persons (48 males, 38 females; mean

age, 8.3 ± 8.5 years) from the republic of Sao Tome
and Principe were used as the basis of the study which
was carried out in August 1983.

Samples
Samples of blood (3-10 ml) were collected by vene-

puncture and stored for 3-4 hours at room tem-
perature. After centrifugation, the serum was stored
for 2 weeks at 4 °C and later frozen at - 20 °C until
analysed. Alternatively, 2-4 drops of blood
(50-100 1d) from the same person were spotted on
filter-paper disks\(lcm diameter),a and the blood was

° From Schleicher & Schill, Dassel, Federal Republic of
Germany.
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dried and stored at room temperature (25-30 °C) for
2 weeks and then at - 20 °C until analysed.

Preparation offilter-paper for analysis

Filter-paper impregnated with dried blood was cut
into strips and soaked for 12 hours at 4 °C in 400 i1 of
phosphate-buffered saline solution. After low-speed
centrifugation, the (haemolytic) supernatant layer
was drawn off and analysed.

Tests performed

The levels of hepatitis virus B surface antigen
(HBsAg), hepatitis virus B e antigen (HBeAg), anti-
body to HBSAg (anti-HBs), antibody to HBeAg
(anti-HBe), antibody to hepatitis virus B core antigen
(anti-HBc), and antibody to hepatitis virus A (anti-
HAV) in serum were determined by radioimmuno-
assay. The level of anti-HBs in whole serum was
quantified as described previously (4). Sera were
titrated by dilution with phosphate-buffered saline
solution.

RESULTS

Hepatitis A markers

Anti-HA V. Table 1 compares the results obtained
for sera having different titres of anti-HAV with
those obtained by analysis of eluates of blood spotted
on filter-paper. Most samples of sera that were
positive to anti-HAV only at dilutions of 1:10 or less
were not detected in the eluates of the corresponding
blood samples spotted on filter-paper. In the same
sample population, which is representative of situ-
ations where hepatitis virusA is hyperendemic, 21 out
of 82 of anti-HAV-positive sera (25.6%) had a titre
of 1:10 or less -and only 4 out of 21 (1907) of these
were positive in filter-paper eluates. Analysis of
whole serum indicated that the prevalence of anti-
HAV was 95.3% (82 out of 86), whereas analysis of
eluates of blood spotted on filter-paper gave an over-
all prevalence of 79.3%o (65 out of 82); the latter
method therefore failed to detect 17 out of 82
(20.70/o) of the positive sera. Of those persons with
titres of anti-HAV in serum of < 1:10, 7 out of 21
were less than 2 years of age, and the mean age of the
remaining 14 was 15.3 years, almost twice that of the
whole study population. This suggests that the anti-
HAV antibody present in the very young in the popu-
lation surveyed is probably passively-transferred
maternal antibody.

Since almost all viral hepatitis A infections occur in
patients younger than 8 years of age in Sio Tome and
Principe, the anti-HAV titres are likely to be low in

b Test kit from Abbot Laboratories, Chicago, IL, USA.

Table 1. Distribution of titres of antibody to
hepatitis virus A (anti-HAV) in serum and the cor-
responding number of positive eluates of blood
spotted on filter-paper

Anti-HAV No. of positive
No. of sera titre filter- paper eluates

15 <10 1 (6.7)°

6 =10 3 (50)

61 >10 61(100)

Figures in parentheses are percentages.

persons older than this, leading to negative results in
the filter-paper eluate method.

Hepatitis B markers
Anti-HBc. Table 2 shows the distribution of anti-

HBc titres and the number of positive results
obtained from analysis of the corresponding blood in
filter-paper eluates. Filter-paper eluates correspond-
ing to sera with an anti-HBc titre > 1:100 were all
positive; however, the filter-paper eluates of 13 out of
25 sera (48%) with lower titres than this were nega-
tive. Analysis of whole serum indicated that the pre-
valence of anti-HBc was 53.5% (46/86), whereas the
prevalence obtained from filter-paper eluates was
40.7%o (34/86) (Table 2). Analysis of the 12 out of 46
sera (26%) that were not detected in filter-paper
eluates for other markers of hepatitis virus B indi-
cated that 8 were also positive for HBsAg, 3 for anti-
HBs, while 1 was positive for anti-HBc only.

Table 2. Distribution of titres of antibody to
hepatitis virus B core antigen (anti-HBc) in serum
and the corresponding number of positive eluates
of blood spotted on filter-paper

Anti-HBc No. of positive
No. of sera titre filter-paper eluates

16 <10 6 (38)°

9 1 0 7 (78)

21 100 21 (100)

Figures in parentheses are percentages.
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Anti-HBs. Table 3 shows the anti-HBs levels in
whole serum and the number that were positive in
eluates of the corresponding blood samples spotted
on filter-paper. At anti-HBs levels greater than 30
IU/1, all filter-paper eluates were positive. At anti-
HBs levels of 10-30 IU/l, 3 out of4 were positive, and
the filter-paper eluate of the serum with an anti-HBs
level of less than 10 IU/l was negative. The pre-
valence of sera immune to hepatitis virus B (anti-HBs
positive) was 26% (22/86) based on analysis of whole
serum, but 231o (20/86) when filter-paper eluates
were tested, i.e., only 2 (9%) of the positive sera were
not detected.

Samples of venous blood were also taken from 285
persons of all age groups. Of these, 8 out of 107 sera
(7.5%) had an anti-HBs level below 10 IU/I and 18
out of 107 (17%) had levels of 10-30 IU/l. There was
no correlation between anti-HBs levels and age.
Anti-HBe. Of the 86 sera tested in the survey, 3

were positive for anti-HBe and filter-paper eluates of
blood corresponding to all 3 samples were also
positive.
HBsAg. Twenty-four sera were positive for HBsAg

as were the corresponding filter-paper eluates. The
lowest concentration of HBsAg in the sera analysed
was 0.1 mg/l.
HBeAg. In 15 of the 86 sera tested, HBeAg was

detected; and 13 out of 14 filter-paper eluates
examined were positive (93%). The lowest titre of
HBeAg in sera was 1:100 and the filter-paper eluate
of one of the two sera with this titre was positive.

DISCUSSION

Blood spotted on filter-paper is an ideal method for
collecting, storing and transporting samples in field
studies, especially in developing countries, but
because the method is less sensitive than analysis of
whole serum, the results obtained are not represen-
tative of the true epidemiological situation.
The present study indicates that serum with low

concentrations of antigen (HBsAg, HBeAg) or anti-
body (anti-HBc, anti-HBs, anti-HBe, and anti-HAV)
is not likely to be detected by analysis of eluates of
blood spotted on filter-paper. This may arise because
the original volume of serum spotted (25-50 id) is
diluted 8-16-fold upon elution.

Filter-paper eluates of sera containing the follow-
ing antibody or antigen levels are positive: anti-HAV
(> 1 :10), anti-HBc ( > 1 :100), anti-HBs (> 30 MA/),
HBsAg (> 0. 1 mg/l), and HBeAg (> 1:100). At levels
lower than the values in parentheses a variable pro-
portion of sera is negative when filter-paper eluate is
tested. For epidemiological studies, it is important to
determine the number-of persons in a populationwho

Table 3. Distribution of the concentrations of
antibody to hepatitis virus B surface antigen (anti-
HBs) in serum and the corresponding number of
positive eluates of blood spotted on filter-paper

Range of
anti-HBs

concentration No. of positive
No. of sera (lU/l) filter-paper eluates

1 1-9 0

4 10-30 3 (75)a

17 >30 17 (100)

' Figures in parentheses are percentages.

will not be detected by the filter-paper method and
whether the results of the surveys will be significantly
affected.

Hepatitis virus A

In this study, which surveyed a population of
average age 8.3 years, 20.7% of anti-HAV positive
sera would not have been detected, had only blood
dried on filter-paper been analysed, and the true pre-
valence of anti-HAV would have been underesti-
mated. Seven persons whose blood had a low level of
anti-HAV (titre S 1:10) were less than 2 years of age,
suggesting that many of the titres arose from pass-
ively transferred, maternal anti-HAV. The mean age
of the remaining group (14 out of 21) was 15.3 years,
almost double that of the population surveyed. Since
practically all viral hepatitis A infections occur in
patients younger than 8 years in Sao Tome and
Principe, anti-HAV titres in subjects older than this
are likely to be low. Epidemiological studies of older
populations in areas where viral hepatitis A is
endemic will result in estimation of a much lower
prevalence of the disease than that obtained by
analysis of whole serum.

Hepatitis virus B

Anti-HBc is the most useful marker for screening
present or past infections of viral hepatitis B in a
population. Assuming that data from our study
population are representative for other areas in
Africa where the disease is endemic, approximately
20-30% of seropositive persons (26% in this study)
will not be detected by the filter-paper method and the
true prevalence of viral hepatitis B in the population
will be considerably underestimated.

The results in Table 2 show that nearly 500o of per-
sons with anti-HBc titres of < 1:100 are not detected

937



G. ZOULEK ET AL.

in eluates of blood spotted on filter-paper. Of the 25
out of 46 (54%) sera that were anti-HBc positive and
had a titre of < 1: 100, only 13 filter-paper eluates
were positive for this antibody. Of the remaining 12
sera that were negative for anti-HBc in filter-paper
eluates, 8 were positive HBsAg, 3 were positive for
anti-HBs, and 1 was positive for anti-HBc only. If
blood is collected on filter-paper only anti-HBs is
taken as the only marker discriminating between indi-
viduals whose sera are positive or negative, it is likely
that HBsAg-carriers as well as immune persons will
remain undetected.

Detection of anti-HBs in filter-paper eluates is
more promising because 20 out of 22 samples (91 07o)
were positive by this method. Sera with anti-HBs
levels greater than 30 IU/l were all positive in filter-
paper eluates and most sera (3 out of 4) with anti-HBs
levels of 10-30 IU/l were also positive, but very low
levels of anti-HBs (< 10 IU/l) are not detected. The
distribution of anti-HBs levels of 107 immune
persons of all ages indicates that 7.5% had anti-HBs
titres of less than 10 IU/l and that 17% were
10-30 IU/l; by testing filter-paper eluates only, it is
likely that all sera with anti-HBs less than 10 IU/l and
about 1 out of 4 sera with titres of 10-30 IU/l will not
be detected. Provided that our data are representative
for populations in areas of Africa where hepatitis is
endemic, approximately 10% of those who are
immune will not be detected if blood collected on
filter-paper is analysed.
HBsAg was detected in all filter-paper eluates of

positive sera. Since the lowest level of HBsAg was 0.1
mg/l in analysed sera, no results are available for sera
with a lower serum concentration of HBsAg, but
probably only a small proportion of HBsAg-carriers
will not be detected in filter-paper eluates. HBeAg
was detected in filter-paper eluates of 13 out of 14

positive sera.
If sampling costs are not the limiting factor, the

decision whether to collect venous blood or to use
capillary blood spotted on filter-paper will depend on
the purpose of the survey.
-If an accurate picture of the epidemiological situ-
ation is required, the method involving elution of
blood spotted on filter-paper is not recommended
since spurious negative results are not infrequent. In
addition, the method does not permit quantitative
determination of antibodies and antigens since the
exact amount of blood spotted is not known, and
losses during the absorption and elution processes are
diffi'cult to quantitate.
- If mass screening to identify immune persons or
HBsAg-carriers prior to an immunization campaign
against viral hepatitis B is to be carried out, analysis
of the eluates of blood spotted on filter-paper is an
acceptable method, since probably more than 9007. of
those who are immune will be detected.
- If large-scale screening for HBsAg-carriers is to be
carried out, e.g., pregnant women in endemic areas,
analysis of filter-paper eluates may also be an
acceptable method.

Most pregnant women who are HBeAg-positive
are likely to transmit hepatitis virus B to their new-
born; however, HBsAg titres in these women are
likely to be high enough to be detected in filter-paper
eluates.

In some situations, elution of blood spotted on
filter-paper appears to be a cost-saving alternative to
the usual method of collecting venous blood. It is an
especially suitable and cost-saving method for
screening immune persons and HBsAg-carriers prior
to immunization against viral hepatitis B in devel-
oping countries.

Rl!SUMIt

MARQUEURS DES HEPATITES A VIRUS A ET B:
COMPARAISON DIRECTE ENTRE SERUM TOTAL ET SANG DEPOSE EN GOUTTES SUR PAPIER FILTRE

La sensibilite d'une methode consistant a d6poser, en
gouttes, 50100-lO de sang sur du papier filtre pour d6tecter
les marqueurs des h6patites A et B a et6 compar&e dans la
meme population avec l'analyse du serum total. Les
marqueurs des hepatites A et B ont et recherches par titrage
radio-immunologique et la population etudiee comprenait
surtout des enfants d'une r6gion d'endemicite (taille de
l'6chantillon: 86 sujets; age moyen: 8,3 ± 8,5 ans). L'analyse
du sang depose sur papier filtre etait moins sensible que celle
du serum total, surtout pour les faibles concentrations
d'antigenes. Tous les marqueurs suivants (les concen-
trations ou titres dans le serum sont indiqu6s entre paren-

theses) ont e d6tect6s par la methode sur papier filtre: anti-
HAV ( >, 1 :10); anti-HBc (> 1 :100); anti-HBs (> 30 UI/1);
HBsAg (>0,1 mg/l); HBeAg (> 1:100). En dessous de ces
valeurs une certaine proportion de serums positifs n'etaient
pas d6tectes par la methode sur papier filtre. Dans la
population 6tudi6e, 20,7%o (17/82) d'anti-HAV positifs,
26% (12/46) d'anti-HBc positifs, 9% (2/22) d'anti-HBs
positifs, 0%o (0/24) de HBsAg positifs et 7% (1/14) de
HBeAg positifs n'ont pas e detectes par la methode sur
papier filtre.
La sensibilite reduite de cette methode est probablement

due a la dilution du sang lorsque le pr6levement est pr6pare
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pour I'analyse. Elle n'est pas recommand&e pour les
enquetes, lorsqu'on cherche a avoir un tableau exact de la
situation epidemiologique. Mais elle pourrait etre utilis&e
pour detecter les porteurs d'HBsAg et les sujets immuns

(anti-HBs positifs) avant une campagne de vaccination,
puisque le pourcentage de detection depassera sans doute
9007.
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