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INDIRECT FLUORESCENT-ANTIBODY TESTS FOR
PARASITIC DISEASES
V. AN EVALUATION oF A THICK-SMEAR ANTIGEN IN THE
IFA TEST FOR MALARIA ANTIBODIES

Qa,uo”""‘"“

AT). SULZER, MARIANNA WILSON, axo ELMER C. HALL

U.S. Public Health Service, Health Services and Mental Health Administration,
National Communicable Discase Center, Atlanta, Georgia 30333

ABSTRACT:

This study was performed to evaluate a washed-cell. thick-smear antigen for

use in the indirect fluorescent-antibody test for malaria. Thick-smear antigens of Plus-
modium vivax, I'. falciparum, and P. brasilianum were prepared from parasitized erythro-
cytes washed free of soluble serum components by several changes of phosphate-hufiered
saline solution. pH 7.2, Serum samples both positive and negative for malaria antibody
were tested with blind and double-blind techniques. The lowest significant diagnostic titer

was found to be 1:16. At this dilution, false positive rates were fess than 0.3

false

negative rates were below 3%. and the range of titer reproducibility was plus or minus
one fourfold dilution. Use of the modified antigen had certain advantages over the con-
ventional whole-blood. thin-smear antigen. Binding of the antigen donor's antibudy to his
plasmodia is avoided. This eifect. previously attributed to an in wivo reaction. scems to
occur in vitro. Reading is facilitated by the large number of plasmodia per Tield.

Antigen preparation and techniques for per-
forming the indirect fluorescent-antibody 1A
test for malaria antibodies have varied little since
Kuvin et al. first described the test in 1962
Various problems related to the antigen have
heen noticed: the in vivo hinding of antibody.”” ™
the difficulty in standardizing antigen. and the
need for mature plasmodia to detect the highest
possible antibody levels.'" With thin-smear anti-
gens, extended searches are often necessary be-
cause of sparseness of plasmodia.

Certain reactions characteristic of the malaria
IFA test have never been delineated in detail.
perhaps in part because of the problems cited.
The lowest titers indicative of clinical malaria
have been given as 1:30™ and 1:20.""" Reproduci-
bility of titers has been reported to be plus or
minus one threefold dilution on the basis of 19
replicate tests of only one serum sample tested
with only one antigen.'" Sensitivity of the test
has not heen explored definitively,

In an attempt to overcome some of these
problems. we prepared and evaluated a thick-
smear antigen for use in the malaria 1FA test.
Thick-smear antigen prepared from whole hlood
was useless, however. because of high levels of
nonspecific  fluorescence.  Extranecous gamma
globulin has been found to be an interfering
factor in the sensitivity and specificity of other
IFA tests.™ It was thought that the donor's

soluble serum components, especially any portion
consisti g of specific malaria antibody. might
interf+ . in the malaria IFA test when antigen
was prepared from whole blood. We therefare
washed the parasitized cells to remove these
components hefore preparing a thick-<mear arti-
gen.'"

A thick-smear antigen prepared from washed
quunilizcd ervthrocytes overcame all the proh.
lems encountered earlier. Washing the blood had
additional benefits.”™ We report an evaluation ol
the sensitivity and specificity, and a preliminary
study of the reproducibility of test results with
the washed-cell. thick-smear antigen.

MATERIALs AND METHODS

Preparation of the Anticen
Heparinized blood containing  plasmodia was
centrifuged. and the plasma was removed. The
cells were resuspended in 10 times their volume of
phosphate-buffered physiological saline solution
tPBS. pH 7.29. centrifuged. and the PBS was
discarded. Resuspension and centritugation were
repeated five times. The cells were resuspended
in PBS to their original volume. One drop of the
suspension wis dispensed on each of several slides
with a hypodermic syringe equipped with a 26.
gauge needle. From the drops. thick stieears were
prepared. stained. and the number of plasmodia
per high-power field was determined. When too
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many were present, the cell suspension was
diluted by the addition of PBS. When plasmodia
were too few. the suspension was concentrated by
centrifugation and removal of cxcess PBS. Stor-
age of washed cells overnight or 48 hours at 4° C
did not reduce their suitability for antigen. In
one instance. washed cells were stored at 4° C for
10 days with no adverse effect.

When antigen slides were to be prepared the
same day the blood was drawn, an alternative
method for controlling the number of plasmodia
per field was used. Thin smears, prepared from
the donor’s blood, were fixed and stained. The
average number of parasites per high-power field
was determined. This romber was multiplied by
15, the average concentration factor of thick over
thin films for malaria parasites.'™" The cells were
then washed as already described and suspended
in PBS. The volume of the suspended cells was
determined by the desired number of plasmodia
per field in the finished antigen mounts. For
example, if the thin-smear count averaged two
plasmodia per field and the desired number per
field in the finished antigen was 13, the washed
cells were suspended in 'BS to twice the volume
of the original blood specimen.

Antigen slides were prepared by dispensing one
drop of the <uspended cells in a 1.5-cm circle
scribed on o 2- by 3-inch microscope slide. The
drop was spread to make a thick smear within
the circle. Care was taken that the cells did not
settle out of suspension in the syringe. The
mounts were allowed to air-dry at room tempera-
ture for ahout ': hour. The dried slides were
wrapped in tissue paper and stored at =70 C
until needed. Antigen slides have heen stored for
as long a~ 12 months with no detectable change
in reaction. Three antigens—Plasmodium  ful.
ciparum, Plismodium  vivax, and  Plasmodium
hrasilianum 1simian equivalent to Plasmodium
maluriqe'” employed throughout the
tests. In addition, Plasmodium fieldi antigen was
used in one phase of the study.

M —were

Performance of the Test

Antigen slides were removed from storage.
placed in staining racks. and washed for 10 min-
utes in distilled water on a slowly moving slide
rotator. After the slides were washed. they were
removed from the bath: excess wash fluid was
removed by careful blotting.
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The antigen slides were labeled and placed in
moist chambers prepared by lining shallow pans
with wet filter paper. Serum samples to be tested
were diluted with PBS (pH 7.2) in fourfold steps
starting at a dilution of 1:4. About 0.05 ml of
cach dilution was dispensed on a labeled antigen
mount. The chamber was covered and incubated
at 37° C for 30 minutes.

After incubztion, excess serum was removed
from each slide with a gentle stream of PBS. The
slides were placed in a staining rack in PBS on a
slowly moving slide rotator for 15 minutes. The
slides were then removed from the wash and
replaced in a moist chamber. The appropriate
dilution of anti-human gamma globulin conjugate.
Cohn’s Fraction I1 (0.05 mlh, containing Evans
blue counterstain (0.29 ) was distributed over all
antigen mounts."® The slides were covered and
incubated again at 37° C for 30 minutes. Excess
conjugate was removed by a gentle saline stream
followed by immersion in PBS and washing on
the rotator for 15 minutes.

Excess wash fluid was removed from the slides
by careful blotting. and the slides were distributed
on trays. A drop of buffered glyceral 1pH 5.0
was placed on each mount and a coverslip super-
imposed.  Two positive control serum samples.
one negative contrar serum. and a saline-solution
control were included with each test. 1 .hels on
all slides. including the controls, were covered
with tape: the slides were then randomized and
coded in order that all readings would he made
“blind.”

All tests were evaluated on a Leitz Ortholux
fluorescence microscope equipped with BG-12 and
UG-2 exciter filters and a Leitz 470 jo ocular
filter. Plasmodia can be located readily by the
pigment’s refraction of blue light under the BG-12
filter. Specific fluorescence can then he evaluated
under the UG-2 filter. Fluorescence was graded
from negative to 44-. A reading of 2+ was con-
sidered positive,

Antiserum

Ninety-two serum  samples submitted for
routine testing for malarial antibodies were used
in this stucy. Blood smezs accompanying the
serum were examined at the National Malaria
Repository. NCDC, where one or more species
of malaria was identified in all 92 instances.

For an initial check of nonspecific reactions.
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especially those due to syphilis, 26 serum samples
were obtained from American teen-agers who had
never been outside the United States. These
donors all had primary or sccondary syphilis.

Another group of 233 serum samples was as-
sembled to evaluate further the sensitivity and
specificity of the thick-smear antigen. Untested
serum from 184 persons with no history of ex-
posure to malaria was included. Fifty-six of the
donors were Eskimos from Alaska; 128 were
American Indian schoolchildren with an ascariasis
rate of 49%, a trichuriasis rate of 39%, and an
amebic-prevalence rate of 72%. The other 49
persons had malaria diagnosed by slide and low
IFA titers (1:16-1:64) with at least one antigen
on previous tests. These were included to avoid
any presumptive bias in testing the “negative”
groups. There were 29 cases of I, wivax, 13 of
P. falciparum, three of P. vivax and P. falcipu-
rum, three of P. malariae, and one of Plasmodium
ovale. The 233 serum samples were coded and
randomized to assure objectivity in the perform-
ance and reading of the IFA test.

Two positive serum samples were used as
control. One. “Mor." was from a male donor
with a history of 7. vivax infection. The other.
“ET.” was from a female donor who had a patent
parasitemia of P. malurige."™ Negative serum and
saline-solution (conjugate) controls were also
included with cach test.

RESULTS

Several investigators have reported the binding
of donor's antibody by plasmodia. an effect
attributed to an in vivo reaction.'** We thought
this might be due to an in vitro reaction of the
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antibody that was incorporated with whole-blood
antigens. Malaria antibody has been titrated from
dricd blood specimens on filter paper.” and we
thoueht that whole-blood smears on glass slides
we o similar. Any malaria antibody that was in
the donor's blood would be present in the dried
blo ¢ iilm. and it could react with the plasmodia
at ar time,

T investigate this possibility, we drew blood
from .« munkey parasitized by . brasilionum.
porticn of this blood was washed as already
described and a portion left unwashed. Both
portion- were stored at 4 C. and antigen slides
were prepared daily from each. After three dayy’
storage ntigen prepared from the unwashed cells
showed positive reactions in saline-solution and
negative ~erum controls. Antigen prepared from
the washed jortion was satisfactory even after
the cell suspension had been stored for 10 days.

L. vivax reacted similarly (o 2. brasilionnm but
Antigens prepared from
cells of four donors with 2. vivex malaria washed
within 30 minutes of removal from the donors
were satisfactory. although the donors’ plasma
had malaria-aniibody titers of 1:1.024 in three
cases and 1 64 in the other. Blood samples drawn
from 10 different persons with P, wivax malaria
were stored at 4 C for aboat 12 hours and then
washed. Al lots of antigen prepared from these
patients gave posiiive reactions in the saline-

within a shorter time

solution and negative serum controls.

Among 12 Slide-positive specimens submitted
for routine testing for malaria antibody. 39 were
positive by the TFA test at a titer of 1:10 or
above with one or more antigens, and three were
negative  The highest titer obtained was 1:4.006,

TABLE 1
Reactions to three plasmodium antigens of serum from 1584 percore not exposed to malaria and 49 with a

positive slide diagnosis

sk -smiear antigens

Wa-hed-oe
P, falciparum boovivay ' hrasiliantem
Serum - — e -

group Titers (No.) (I Vo 73 [AYN] ;)
Donors not Negative 157 B 10 97 % 183 99.%
exposed to 1:4 26 : 4 22 1 05
malaria 1:16 1 A 0 00 0 0.0
Donors with Negative 6 : 4 82 ) 184
positive 1:4 10 o 4 8. 3 0.1
slide diagnosis* 1:16 KR 6o 11 83.6 7 75.3

* All samples in this group had previously had titers of at least |

« ok one of the three antigens, On this second titration,

two of these serum samples had negative reactions with all three anti
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TanLE 2
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Day-to-day reproducibility of IFA titers based on lwo litrations of 49 slide-positive serum samples with

three antigens

Reproducibility *
N, of seriem samples)

Antigen

P. Jalcipurum

P. vivax

. brasilianum

Total

With esact agreement on both titers
With a 4-fold difference between titers

19 (19%)
22 (459)

23 (479%)
23 (479%)

16 (33%2)
21 (4390)

58 (40%)
06 (4560)

With a 16-fold difference between titers 6 (129¢) & (067 9 (18%) 18 (129%)
\With a 64-fold difference between titers 2 (4% 3 (6%) 5 (3%0)
'I";t;:l samples tested 49 49 49 147(100% )

* Difierences in reproducibility among the three antigens are not statistically significant by the chi-square test,

One of the three negative serum samples was
from a . ovale infection to which the homologous
antigen was not available. Four serum samples
from P. falciparum and five from P. vivax cases
reacted only with their homologous antigens. For
IIFA diagnosis of malaria in man, therefore. the
homuologous antigens appear essential to avoid an
occasional false negative reaction,

Among the 26 serum samples from persons with
syphilis. only one was reactive in the test. This
serum gave identical results when retested with
the 2. falciparum antigen at a dilution of 1:4.

Among the 233 serum samples tested with
three malaria antigens, only one serum from a
person not exposed to malaria reacted at a dilu-
tion of 1:10 «Table 1. This titer was obtained
with the . falcipurum antigen giving a false
positive rate of 0.3% at the 1:16 dilution. At
the 1:4 dilution, false positive rates were 14.7,
2.2, and 0.39% dor P, falciparum, P. vivax, and
P, brasilionnm antigens.

Among the 49 serum samples from persons with
slide-diagnosed malaria. negative reactions were
obtained on 12,2, 5.2, and 18.49 with the three
antigens,  In addition. titers of 1:4 were obtained
on 2044 8.2 and 6,19 of the samples. However.
only two of the 40 samples gave negative reac-
tions at the 1:16 dilution level with all three
antigens on the second titration. This reflects the
influence of day-to-day reproducibility of titers
on the sensitivity of the IFA test. Over-all. a
titer of 1:16 appears to provide the most favor-
able balance of sensitivity and specificity.

Reproducibility of titers on a day-to-day basis
is indicated by a comparison of the two titers
obtained on the 49 slide-positive serum samples.
Table 2 shows the number of samples with the
same titers and with fourfold, 16-fold, and 64-

fold differences in titers on the two determina-
tions. Differences in reproducibility among the
three antigens are not statistically significant by
the chi-square test: hence. day-to-day reproduci-
bility can be estimated from the combined data
(Table 2. For example. titers obtained on dif-
ferent days are either the same or one fourfold
dilution apart 855 (40 + 451 of the time. Con-
versely. differences exceed one fourfold dilution
1539 of the time: however. only 3% of the
differences are as much as 64-fold (three dilu-
tions) apart. These figures correspond to 977
reproducibility within = one fourfold dilution
116-fold range!.

Replicate testing of the two positive control
serum samples. “Mor™ and “ET.” also provides
information on day-to-day reproducibility. Multi-

TaBLe 3

Distribution of titers for two antiserum samples with
four antigens in the IFA test for malaria

Plasmodium antigens

. ful- P brasili-
Ren ?[Ir- P vivax ciparum anumi P fieldi
rl'i.::r E Mart BT Maor ET Maor ET Mor
Negative 6 4 2
4 14 9 2 3
106 16 9 2 25 10
64 29 30 28 2
2350 1 [}
1,024 34
4,096 2

Total rep-
licates 45 40

50 49 42 38 12 13

P omadwiac was demonstrated in the circulating blood of
this mother of an infant with congenital malaria,'»

+ A district medical officer, Sepik, New Tuinea, he hal re-
|n|».nm| I divar infection with treatment 1 year before sam-
pling

L1 brasdianum antigen was used as an equivalent to .
malarive,
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TABLE 4
Comparison of infecting species of Plasmodium with
difference in antibody titer obtained with homolo-
gous and heterologous antigen in vivax and fal-
ciparum malaria

No, of
serum No.  No. fal-
samples®  vivax  ciparum
No difference in titer 9 7 2
Homologous titer greater:
4-fold 12 7 5
16-fold 1 8 3
04-fold 12 8 4
256-fold 9 9 0
1,024-fold 4 4 0
Heterologous titer greater:
4-fold 3 2 1
16-fold 0 o] 0
64-fold 1 1 0
Total 6l 16 13
* Al donors were military  men returned  from Vietnaw,

Many gave a history of recurrent attacks of malaria: this was
true in the case with a heterologous titer 63-fold greater than
that with the infecting Plasmodinm at the time the specimen
tested was drawn,

ple titers on cach antiserum were obtained in
routine 1IFA testing with four antigens, (wo of
simian and two of human origin. Objectivity was
assured by randomizing and blind-testing of the
control serum samples within each run. Table 3
shows the distribution of titers for cach antigen-
antiserum combination.  With the exception of
two replicates with “Mor™ serum and the 7.
fulciparum antigen. replicate titers on cach anti-
serum were reproducible on a day-to-day hasis
within limits of = one fourfold dilution 106-fold
range ). ‘This corresponds to an over-all reproduci-
hility of 99.3% 12387 of 289 replicates). However.
titers on the "ET" antiserum were reproducible
within a fourfold range ttwo serially adjacent
titersi on 98.7% of the replicates.

As shown in Table 3. the highest titers for each
serum were obtained with the antigens most
similar to the infecting species. Serologic specia-
tion would be possible if significantly greater
titers were obtained with homologous antigens
than with heterologous antigens. Table 4 shovs
the differences in titers of 61 antiserum samples,
46 from slide-positive /. vivax cases and 13
from slide-positive P, fulciparum cases tested
with 2. vivax and P. falciparum antigens. Con-
sidering 16-fold or greater differences in titer
with homologous and heterologous antigens sig-
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nificant ras seems reasonable from Tables 2 and
31, 59% of the infecting species were identified
serologically. Only one antiserum titrated sig-
nificantly higher with the heterologous antigen,
In this instance, there was a history of recent
falciparum infection. although 7. wivex  was
identified on the blood smear at the time the
serum was drawn,

DISCUSSION

Several authors have reported an in vivo reac-
tion of the antigen donor’s antibody and para-
sites.”* ™ Our results indicate that this reaction
is probably not in vive, but in vitro. If the
parasitized cells are washed free of the donor'’s
serum within 30 minutes of the specimen’s being
drawn, antigen prepared from the cells is always
satisfactory, This is true even when the donor's
antibody level is 1:1.024. On the other hand.
if the whole blood is allowed to stand several
hours before washing. plasmodia in antigen prep-
arations may react brilliantly in the saline-solution
and negative controls. /. vitax is especially
sensitive: parasitized cells that remain in serum
for only 12 hours are unfit for antigen. Other
species may be more stable.

Antigens prepared from whole blood include
any antibody that has developed in the donor.
Although this antibody may not have been taken
up by the plasmodia at the time of antigen
preparation. it may react with them at any time
during storage or during the testing procedure.
That this should occur. especially in persons with
high antibody titers. is not surprising. for it has
heen demonstrated that antibody can be titrated
" Because the
reaction of the donor’s antibody with his plas-

from dried blood on filter paper.’

and not in vive,
avaided. Use of
washed-cell antigens the necessity of
selecting antigen donors before the development
of specific malaria antibody as previously sug-
gested.' "'

The washed-cell thick-smear antigen has several
other advantages. The number of plasmodia from
mount te mount and from lot to lot of rells can
be kept constant. With 135 to 30 organisms per
field. the scanning of two to three fields at ran-
dom is ample to evaluate the reaction. The large
number of parasites per field will usually include
several schizonts. which give higher titers than

maodia seems to occur i Titre
this interfering factor can be
removes
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trophozoites in the same field with some anti-
serum.'”  Particularly with P. brasilianum anti-
gens, the individual merozoites within the mature
schizonts are often delincated in an intense green
pattern, whereas young trophozoites in the same
field may have no specific fluorescence.

Titers do not seem to he affected by wide
fluctuations in numbers of plasmodia, contrary
to previous report.’’ We found that titers ob-
tained with two antiserum samples did not vary
significantly in repeated tests with antigen mounts
that had 25 to 50 or 100 to 150 plasmodia per
field.

Pretreatment of the antigen slides with 0.1%
HCI to lyse the erythrocytes. as reported,'***
"' is not advisable with the thick-smear anti-
gen. We have found this treatment to reduce
titers as much as 6d-fold. This effect could be
due to removal of an  acid-sensitive antigen
component from the plasmodia,

Results of the initial evaluations, with serum
from 92 persons with  slide-positive cases of
malaria and from 26 American teen-agers with
syphilis. were encouraging.  Failure to detect one
of the 4. slide-positive cases could he attributed
to lack of the homologous antigen. P. ovale.
Detection of four 2. falciparum and five P. vivax
cases with only their homologous antigens em-
phasized the need for homologous antigens for
all antiserum samples tested. Since  the only
reaction of the syphilitic serum was at a 1:4
dilution with the 7. fulciparum antigen, positive
reactions at dilution levels of 1:16 or greater may
be considered diagno-tic of malaria. Our results
with the syphilitic serum  confirmed previous
finding~ that antiscrum to Treponema pallidum
daes nat cross-react in the malaria 1FA test.! '

Intestinal parasitic infections rarely lead to
false positive reactions in the malaria 1FA test,
Of the 184 ~erue. samples from persons never
exposed to malar . 125 were from persons with
a high prevalen: - of intestinal parasites. Only
one of these wamples was positive at the 1:16
dilution level.

Nonspecific reactions at the 1:4 dilution level
(Table 1y indicate that 1:16 is the lowest reliable
diagnostic titer for the test. This agrees well
with the 1:20 level designated by Collins ef al.*
and is fivefold less than the 1:80 level designated
by McQuay ef ol We also confirmed the find-
ings of Diggs and Sadun " that . falciparum
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antigen gives a higher percentage of nonspecific
reactions than do other Plusmodium species.

Sensitivity of the washed-cell antigen, i.e., the
detection rate for malarial antibodies, appears to
be excellent even at the lowest diagnostic level.
However, due to variables inherent in all test
procedures, fluctuation of titers of serum samples
with low antibody content between positive at
the 1:16 level and negative in repeated tests is
to be expected.

Comparison of duplicate titrations on the 49
positive serum samples and replicates of the
control serum 1 Table 2+ indicates that titers are
at least 97% reproducible within plus or minus
one fourfold dilution. Reproducibility was not
antigen-dependent.  This study was limited to
day-to-day variations in the IFA test. A more
detailed study with multiple tests of each serum
will he required to determine within-day re-
producibility.,

P, vivax and P. falciparum infections may be
occasionally differentiated by the IFA test. espe-
cially when the homologous titers are at least
l16-fold greater than the heterologous titers
tTable 4. Thorough appraisals of significance
of titer differences with antigens of all Plas-
modium species infecting man must be made
before serologic speciation can be applied with
confidence to malaria infections in man.

SUMMARY

For use in the malaria 1FA test. thick-smear
antigens were prepared from washed. parasitized
blood cells. Removal of the donor’s antibodies
and other soluble serum components by washing
prevented their interference in the reaction. The
number of plasmodia per field in the finished
antigen could he controlled. The false positive
rate with this antigen was less than 1% at the
1:16 dilution level. The detection rate of known
malaria infections was 935% with serum samples
of low titer. Reproducibility is not dependent on
serum-antigen relations and is within a plus or
minus one fourfold dilution range. /. virax and
P brasilionum antigens were more specific in
reaction than 2. falciparum antigen. In a com-
parison of serum from persons with vivax and
faleiparum malaria tested with antigens of the
same species. the titer was significantly greater
with the homologous antigen in 595 of the in-
stances,
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