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Applicability of ELISA on buffer-eluates of

capillary blood spotted on filter papers for

the diagnosis and clinical staging of human
schistosomiasis

K.A. Kamal, H.l. Shaheen, A.A. El-Said *

The relative concentrations of IgM and IgG antibodies (Ab) to Schistosoma mansoni soluble cgg antigen (SEA) were
evaluated in paired sumples of venous blood sera and buffer-eluates of capillary blood drops dried on filter papers. The
sumples were obtained from school children at eurly und chronic stages of schistosomiusis diagnosed on the basis of history,
clinical symptomatology and parasitological criteriu. Enzyme-linked immunosorbent assay (ELISA), simultuncously
performed, revealed paired sumples to display comparable Ab levels in dll cases. Samples from children with carly
schistosomiasis had specific IgM:IgG ratios greater than 1 [optical densities (0.D.) in sera and blood cluates of 0.77 +
0.32 und 0.68 £ 0.30, respectively for IgM and 0.52 £ 0.25 and 0.50 £ 0.25 for IgG). This ratio, howeser, was less
than [ in sumples from chronically infected children (O.D. 0f 0.20 £ 0.11 and 0.20 1 0.11 for IgM and 0.69 + 0.33 and
0.73 1+ 0.32 for Ig(). The specific advantages of this simplificd technique are the use of unti-SEA Abs in fingerstick blood
eluates, rather than sera of venous blood to serologically diagnose schistosomiasis and to differentiate early from chronic

infections particularly when used for mass screening, such as epidemiologic surveys.

Key words: Schistosomiasis, diagnosis, ELISA, blood eluates, Egypt

Detection of eggs in urine, facces and in rectal biopsics
remains the only accepted diagnostic criterion for active
schistosomiasis. Immodiagnostic procedures have proven
to be reliable!, particularly when infection is light and cggs
are not easily demonstrated. The field application of serolo-
gical techniques for diagnosis of schistosomiasis presents sev-
cral difficulties. Obtaining venous blood samples, particularly
from children, is not readily accepted in endemic areas.
Ditficulties with serum separation and refrigeration during
transportation to a laboratory have prompted use of finger
stick bload samples collected on filter paper as an alternative
for serodiagnosis of Schistosoma mansoni? and Schistosoma hae-
matobitm® infections, as well as of various infectious dis-
cases. ¥ However, work was focused primarily on optimizing
storage conditions and increasing durability of blood col-
lected on filter paper rather than comparing the serodiagnos-
tic reliability of blood eluates from filter paper to that of serum
from venous blood,

This study evaluated the efficacy of ELISA detection of [pM
and IeGantibodies to 8. mansoni epgeantigen (SEA) in cluates
of fingerstick blood spotted on filter paper as compared to
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venous blood serum from schistosomiasis positive and negat-
ive children. The potential of the technique in clinically
staging schistosomiasis was also cvaluated.

SUBJECTS AND METHODS

Study population

One hundred Egyptian boys and girls between 6 and 13 years
of age were studied in November and December 1989, The
children attended a rural primary school in the Nile delia
where schistosomiasis was endemic. Informed consent for
participation in the study was given by the parents or puard-
ians of cach child.

Thorough history, physical examination and faccal and urine
cvaluation for parasites were done for cach study child.

Blood samples

A 2-3 ml of venous blood and several drops of Blood from a
fingerstick onto a Whatman #3 filter paper were collected
from cach child. Seram was separated from the venous blood
sample and the filter papers containing several drops ol finger-
stick blood were dricd thoroughly at room temperature, stored
inanylon hag at 4°C and used within amonth. For the ELISA
measurement of anti-SEA Abs, the dried BMood spot dises
(approximately 20 pl) were cut from the Whatman filter by
a punch with a 1.2 cm diameter. The paper dises were cluted
overnight at 4°C in 1.2 ml of 0.01 M phosphate-buffered
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saline (PBS; pH 7.2) containing 0.25% bovine serum albu-
min (BSA) and 0.05% Tween-20(PBS-BSA-T). The serum
dilution in each eluate after removal of the paper disc was
estimated to be 1:100. The venous sera were diluted 1:100
when evaluated by ELISA.

Parasitological examination

Merthiolate iodine formaldehyde (MIF) technique was util-
ized for the detection of 8. mansoni epps in facces. Positive
samples were quangitated using the Kato-Katz method.? Two
slides from each faecal sample were examined and the mean
wits considered as the number of 8. mansoni eggs per gram of
facces. S. haematobiton epgs were detected in midday urine
samples after centrifugal sedimentation. The nucleopore fil-
tration technique™ was used to quantitate the intensity of
infection in those patients found to be positive in the initial
screening procedure. The average epp count from two 10 ml
samples was considered as the mean.

Children testing negative for schistosome epgps had one o
three additional parssitological examinations of facces and

urine collected on subsequent days.

Enzyme-linked immunosorbent assay (ELISA)

ELISA was performed in 96-well flac-bottomed polystyrene
ELISA plates. Volumes of 50 pt of sodium carbonate buffer
(0.1 M, pH 9.6) containing 2.5 ug SEA, prepared as described
by Boros & Warren!!, were used 10 coat the appropriate wells.
After overnight incubation at 4°C, the unbound SEA was
washed with 0.01 M PBS with 0.05% Tween-20 at 4°C
(PRS-T; washing buffer). The wells were blocked with 100
plof O.19% BSA in coating buf-
fer for 60 min. After washing,
50 p! of cluates from filter pa-

incubated at 37°C for 30 minutes. Fifty pl of IN NaOH were
used to stop the reaction. Optical densities (O.1.) were rewd
in a Multiscan Titertck ELISA reader at 405 nm.

RESULTS

Checkerboard titration

For the detection of the assay limits, wells of ELISA plates
were sensitized with 50 pl of serially diluted SEA (0.75-100
ug/ml) in coating buffer. Serum pools obtained from para-
sitologically confirmed schistosomiasis patients and normal
healthy individuals were used avserial dilutions of 1:5-1:3200
in PBS to detect anti-SEA 1gM and [¢G antibadies. The
optimum antigen concentration and serum dilution were
found to be 50 ugfml and 1:100, respectively.

Clinical and parasitological characteristics of the study
population

Clinical and parasitological examination of the stady group
revealed 44 children, with known history of discase, to have
spleen andfor liver involvement. Urine andfor facces were
positive for schistosome cggs upon the first parasitological
examination. Children of this group were defined as chronic
schistosomiasis cases (table 1). Repeated parasitological ex-
amination of 56 children with neither history nor clinical
symptoms of schistosomiasis revealed schistosome eggs in the
excreta of 22 children. These charicteristics fuvoured the
categorization of this group at the ‘carly’ phase of schistosonu-
asis. The remaining 34 children were included for conteol

studics.

Table 1 Characteristics of the study groups

per blood spot dises and 50 pl
of 1:100 venous serum diluted

.Sex I\;lsle
Female

in 0.25% BSA in PBS-T were

simultiamcously tested in the .
Age in years {(range)

same plate for antibodies to

Mean t SD
SEA. The test samples and ap- s, haematobium
propriate controls were incu- Urine positive
hated for 2 hours at room tem- Eggs/10 mi urine (range)
perature, then washed three Mean 1 SEM
. P . S. imansoni

times. Filty ptl of alkaline phos- N

. I . Stool positive
phatase  conjugated  nti-hu- Eggs/gm stool (range)
man 1M or G (Sigma; Jdi- Mean £ SEM

luted ot 11000) were added
and the pltes incubated for |
hour at 37°C. After washing,
5O pl of substeate (1 mg para-
nitrophenyl phosphate per ml
of 0.05 M carbonate buffer, pl |
9.8) were added and the plates

S. haematobium and S. mansoni
mixed infections

E. histolytica

G. lamblia

H. nana

Liver involvement

Liver Spleen involvement

Early infection Chronic infection Uninfected
N=22 N=44 = N=34¢_
3 36 15
19 8 19
6-8 8-13 6-12
7.1207 113115 91120
n=2 n=12 -
2-5 8-87
40110 29.313.2
n=19 n=26
20-240 20 -600
60 £ 21 14181 296
n=1 n= 6
n=5 n= 7 n=7
n=1 ns S nz=4
n=l n= 4 n=%$
(n=33)
nal
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Anti-SEA antibody levels in sera and eluates of dry blood
spots

A total of 66 paired specimens of venous sera and eluates of

whole blood collected on filter papers from infected children
were tested in parallel for levels of anti-SEA antibodies in an
ELISA format. Thirty-four paired specimens from children
with no evidence of schistosomiasis and inhabiting the same
endemic area were also tested and reported as controls.
Levels of anti-SEA 1G and 1M antibadies in paired samples
of venous sera and filter paper bload cluates were essentially
identical (table 2). The 22 paired specimens of sera and blood
chues of the carly schistosomiasis children displayed signi-
ficantly clevated levels of anti-SEA [pM antibodies (0.77 £
0.32 and 0.68 £ 0.30 QD). values, respectively) and reduced
anti-SEA G levels (0.52 + 0.25 and 0.50 £ 0.25, respec-
tively). The ratios of anti-SEA [gM:1gG O.D. values were
sipnificantly lower (p<0.001) in paired specimens from the
chronically infected children than in the carly schistosomiasis
group without statistically significant differences in values
hetween paired samples within each group.

Regression analyses performed to compare O.D. values ob-
tained from paired samples of sera and blood eluates tested for
specilic antibadies indicated positive correlations between
levels of g (r=0.92, p<0.001) and 1M (r=0.91, p<0.001)
antibodies in paired specimens of the study population (n=66).
Similarly, strong positive correlations were obtained between
anti-SEA IpM:1iG ratio in paired specimens from carly schis-
tosomiasis children (r=0.65, p<0.001) and chronic discase
proup (r=0.876, p<0.001), as well as when analysed for the
study population taken together (n=66; r=0.913, p<0.001).

DISCUSSION

This investigation was undertaken to determine the reliabil-
ity of chuates of dried blood drops from finger stick onto fileer
paper as an alternative o venous serum samples for ELISA
detection of schistosome-specific antibadies. Storage of dried
bload on filter papers for up to 30 days did not alter the
antibody levels as compared to paired venous serum kept at
=70°C. Further, anti-SEA 1gM antibedy levels were consis-

tent in paired samples of blood cluates and sera. These resalts
are in contrast to the results of others indicating that absorp-
tion of bload on filter paper may destroy most of the reacivaty
of IgM antibodies', and thus could be detected in eluates only
if present at high levels in patient’s serum.’

I addition, these results indicated i high sensitivary ol ELISA
when SEA s used, an least for the purpose ol seroepr-
demiological surveys. Similar results, using epg antigens, have
been reported previowsly by several investigaors.! 4118
The possibility of cross-reactions with other parasates, e
Entamocha histolvtica, Giardica lamblia and Hymenolepus nana,
can be excluded since these parsites were commaon in 47"
of schistosomiasis-free children (table 1) displaying negative
anti-SEA ELISA responses (table 2),

The present stucdy albso evaluated the use of IgM:LpGanulbdy
ratios to SEA as aomeans of differentiating carly and chronw
discase. Besides the clinical and parasitological findings, and
in retrospect, two characteristies indicate that this oo may
be valuable in staging children at the carly phase of schis-
tosomiasis. First, the majority of these children were found 1o
be females (86%, table 1), Traditionally, girls ar thas ape do
not come in frequent contact with canals. Second, schis-
tosome epps were detected in facces andfor unne in 12 out o
22 of the serologically positive Caldren in this proop onthe
first parasitological sereening, wlile the remainders became
positive upon repeated examinations (ata not shown).

It is concluded that the technique is potentially smitable don
detection of schistosome-specific [gM and 1pGantibodies m
cluates of blood spots dried on filter papers. As such, it should
be a valuable epidemiological ool for both dugnosss and
clinical staging of schistosomiasis.
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Table 2 Levels® of antibodies to Schistosoma mansoni egg antigen (SEA)* in paired samples of blood spot eluates and sera of schistosomiasis children

IgM
Blood eluate
MeantSO  Range

Serum
MeaniSD  Range
Early infection

{n=22) 0.7710.32 (0.30-1.47) 0.6810.30 (0.32-1.32)

Chronic

infection

(n=44) 0.2010.11 (0.03-0.45) 0.20:0.11 (0.03-0.49)

P-value < 0.001 < 0.001 =0.018
Uninfected

(n234) 0.0610.04 (0.01 0.11) 0.07+0.03 (0.01-0.11)

* Represented by ELISA OD values

Serum
MeaniSD  Range  MeantSD  Range

0.5210.25 (0.14-1.10) 0.5010.25 (0.13-1.08)

0.6910.33 (0.30-1.58) 0.73£0.32 (0.37-1.63)

19G 1yM:igG
Blood eluate Serum
Mean 5D

Blood eluate

Range MeantSD  Range

1.5810.51 (1.0t 2.93) 1.5510.62 (0.73 300)

0.3510.22 (0.02 0.95) 0.2910.19 (004 076)

=0.002 < 0.001 < 0.001

10.08+0.04 (0.01-0.14) 0.0810.03 (0.02- 0.12)

TROPICAL AND GEOGRAPHICAL MEDICINE 1994 VOL 46 NO 3




REFERENCES

1 Sarakat RM, El-Gassim EE, Awadalla HN, El-Molla A, Omer EA.
Evaluation of enzyme-linked immunosorbent assay (ELISA) as a diagnostic
tool for schistosomiasis. Trans Roy Soc Trop Med Hyg 1983;77:109-11.

2 Evengard B, Linder E, Lundbergh P. Standardization of a filter-paper
techmique for blood sampling Ann Trop Med Parasit 1988:82:295-303.

3 Evengard B, Hagi H, Linder E. A filter-paper technique for the
detection of IgG and IgM class schistosome -specific antibodies in an
endemic area. Ann Trop Med Parasit 1988;82:307-9.

4 Bruce-Chwatt L), Draper CC, Konfortion P. Seroepidemiological
evidence of eradwation of malaria frorm Mauritius. Lancet 1973;8:547-51.
5 Long EG, Lawrence MC, Augustine T. ELISA for Schistosoma mansoni
infection: durabibity of blood spots on filter paper. Trans Roy Soc Trop
Med Hyq 1981,75:740-1.

6 Zhuang H, Coulepis AG, Locarnini SA, Gust 1D, Detection of markers
of hepatitis B infection in serum dried on to filter-paper: an application
to held studies. Bull World Health Organ 1982;60:783-7.

7 Nilsson L, Bjorck L, Ouchterlony O, Paper disc impregnated with
capillary blood A sampling technique for immunoassays by means of
DIG-ELISA and DIG-TIA. Trans Roy Soc Trop Med Hyg 1985;79:314.8.

8 Fortes P, Menitove J, Ross A, et al. Evaluation of blood collected on
hiter paper for detection of antibodies to human immunodeficiency virus
type 1. J Chin Microbiol 1989;27:1380-1.

9 Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool
thick-smear technique in Schistosomiasis mansoni. Rev inst Med Trop Sao
Paulo 1972;14:397-400.

10 Peters PA, Mahmoud A, Warren KS, Ouma J, Siongok TK. Field studies
of a rapid accurate means of quantifying Schistosoma haematobium egygs
in urine samples. Bull World Health Organ 1976;54:159 62.

11 Boros DL, Warren KS. Delayed hypersensitivity type granuloma
formation and dermal reaction induced and elicited by a soluble factor
from Schistosoma mansoni eqgs. ) Exp Med 1970,132 488507

12 Bidwell DE, Buck AA, Diesfeld Hi, et al. The enzyme hnked
immunosorbent assay (ELISA). Bull World Health Organ 1976,%4:129 36

13 Goodgame RW, Colley DG, Draper CC, Lewis F, Mc Laren ML, Pelley RP.

Humoral immune responses in human hepatosplenic Schistosormiasis
mansoni. Am } Trop Med Hy 1378,27:1174 80.

14 Mclaren ML, Long EG, Goodgame RW, Lillywhite JE, Application of
the enzyme-linked immunosorbent assay (ELISA) for the serodiagnoss of
Schistosoma mansoni infections in St. Lucia. Trans Roy Soc Trop Med Hyg
1979;73:636-9.

15 Mott KE, Dixon H. Collaborative study on antigens for
immunodiagnosis of schistosomiasis. Bull World Health Organ
1982,60:729-53.

Accepted for prublicauon 25 August 1993

BLOOD SPOT ELUATES IN SCHISTOSOMIASS DIAGNOSIS

"1




