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A MODIFIED, INDIRECT MICROHEMAGGLUTINATION TEST FOR MALARIA*

WALLACE A. ROGERS, J1t., JANET A. FRIED, axp IRVING G. KAGAN

Parasitology Section, Nutional Communicable Disease Cenler, Atlanla, Georgia 30333

During the past 50 years, many attempts
have been made to develop serologic tests for
malarin with precipitin, agglutination, indireet
hemagglutination (IT1A), complement-fixation
(CF) and indireet fluorescent -antibody  tests
(IFA).! The major problems with these tests
have been related to specificity and to diffieulty
in obtaining sufficient antigen. The serologic
procedure employed by many today both in
diagnosis and in research is the 1FA test. High
cost and laek of standardization of the procedure
have prevented its use both in extensive routine
dingnostic work and in epidemiologic studies.

Stein and Desowitz? deseribed an 1L\ test
with formalin- and tannic acid-treated sheep
red cells sensitized with antigens from Plas-
modium cynomolgi and P. coatneyi; this test wus
subsequently used in a field study of immunity
to malarin in Australinn New Guinea® Bray
and  El-Nubal reported  difficulties with  thix
test system and recommended a technique with
fresh sheep red cells treated with tannie acid?

Mahoney el al® fractionated antigens pre-
pared from the plasmodia of I knowlest after
disruption of the parasites in a Freneh press,
They found antigens aetive in THEA fests in hoth
the supernatant fluid and  the residue after
centrifugation at 125,000 G for 90 minutes,
With tanned sheep erythroeytes as earriers, these
antigens detected antibody in all 16 serwa sam-
ples from patients with P. vivax infeetions, but
in only six of 32 san.ples from volunteers in-
feeted with P faleiparum. P. vivax serum titers
ranged from 1:100 to 1:6,4C0, and the P. Jal-
ciparum titers ranged from 1:40 to 1 :80. Normal
monkey and normal human serum sanmples gave
negative results at a 1:40 dilution, Serum from
two of 27 patients with syphilis was positive,
with titers of 1:320 and 1:80.

Since the IHTA test has proved useful in sero-
epidemiologic studies on toxoplasmosis® 7 and
other purasitic diseases,® an nttempt was made to
standardize and evaluate an THA test for malavia.

* The use of trade names is for identifiention
only and does not constitute endorsement by the

Publie Health Serviee nor by the U. 8. Depart-
ment of Health, Edueation, and Welfare.

Such a test might be employed as n supplement
to the IFA test for dingnostic purposes and may
be useful in studying the epidemiology of malaria.

MATERIALS AND METIHODS

Antigen Preparation

Splencetomized rhesus monkeys were infected
with the Anopheles hackeri strain of P. knowlesit
by blood transfer. The animals were anesthetized
and exsanguinated when 1060 or more of their
red blood eellx contained  mature  schizonts.
Lither heparin or sodium vitrate was used as an
anticong lant. All further procedures were car-
ried out : + 4°C.

The blood cells were washed three times in
10 volumes of 0.857, saline solution by centrifu-
gatjon at 1,100 G for 5 minutes, and lysed by
the addition of at least 10 volumes of distilled
water. After centrifugation at 3,000 G for 5
minutes, the sediment consisted of plasmodin,
leukoeyte nuelei, aud some red-cell stroma.
Washing the sediment three times with saline
<olution facilitated removal of most of the fluffy
white stroma. The final sediment was stored at
—70°C before further processing. Blood from a
monkey weighing 3 kg could he processed, in 1
hours to vield 5 to 20 ml of plasmodial xediment.

For further preparation, the plasmodia were
thawed in tepid water, placed in a cooled French
pressure cell, and two volumes of antigen diluent
(equal volumes of 447 NaCland M/15 phosphate
buffer at pH 6.4) were ndded. The cell was oper-
ated at 20,000 pounds per ~quare inch, Antigen
diluent used for vinsing the cell brought the
final volume to four times the volume of plas-
modial sediment. ‘The disrupted material was
centrifuged at 8,000 G for 15 minutes. The
supernatant fluid was tan to pink in volor and
opalescent; the residue was black and appeared
1o vonsist of malaria pigment and amorphous
debris. The supernatant fluid was considered
s undiluted antigen and was used as such, or

t Laboratory of Parusite Chemotherapy, NIH,
Chamblee, Georgia.

1 Amerienn Instrument Company, Ine., Silver
Spring, Marylund.
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diluted with antigen diluent, when titration
tests showed that dilution was compatible with
suitable cell sensitivity. The undiluted antigen
was stored at —70°C,

Test Procedure

Human, group O blood, cither fresh or stored
for less than 21 days in acid citrate dextrose
(ACD) at 4°C, was washed three times with
phosphate-buffered saline solution (PBS: equal
volumes of 0.85¢, NaCl and M/15 phosphate
buffer at pH 7.2), The buffy coat was discarded.
The erythrocytes were suspended in 40 volumes
of PBS, and an equal volume of 1:20,000 (w/v)
tannie acid in PBS was added. The mixture was
incubated for 15 minutes in an jce-bath. After
being washed twice with PBS, the cells were
ready for sensitizing.

The packed, tanned cells were sensitized by
adding five volumes of antigen and by mixing
and incubating for 15 minutes at 37°C. To de-
crease nonspecific agglutination, an equal volume
of FBS with 5% normal rabbit serum (NRS)
was added, and this mixture incubated an ad-
ditional 5 minutes. After on~ wash in PBS at
pH 7.2 containing 1¢; NRS, the cells were sus-
pended in 50 volumes of this solution and used
immediately. Cells with 1:10,000 Merthiolate
were useful for oue week if stored at 4°C. Stored
cells were resuspended in fresh PBS with 1€,
NRS before use,

Plastic plates* with an 8 X 12 array of wells
were used. Ilach well first received 0.05 ml of
PBS with 19 NRS. A 0.05-m! diluting loop
filled with test serum was placed in the first well
in each row and the serum serially diluted in a
doubling stepwise manner, beginning with a
1:2 dilution.

During agitation, 0.025 ml of the 297 sensitized-
cell suspension was dropped into cach test well.
Positive and negative control serum samples
were titrated each day. The completed test was
read 45 to 90 minutes Inter. A smooth mat of
agglutinated cells, a 2+ reading according to
Stavitsky,? was considered to be u positive
reaction. In order to detect nonspecific aggluti-
nation reactions, positive serum samples were
tested with a 29, suspension of tauned red blood
cells sensitized with 5¢;, NRS.

* Cooke Engincering Company, Alexandria,
Virginia.

Serum Samples Titrated

Serum from 61 residents of St. Lawrence
Island, Alaska, 11 patients with chronic tubercu-
losis from Atlanta, Georgia, and 43 patients with
syphilis from throughout the United States of
Amerien were assumed to be from malarin-free
areas. A parasitologic diagnostic battery of 166
serum samples containing 12 subgroups of
specimens known to be serologically positive
for cchinococeosis, filariasis, schistosomiasis,
trichinosis, or other nonmalarious diseases, or
negative for all these discases, wus also tested.

Serum sumples assumed to contain antibody
to malaria were from patients with infections
proved by bloed film. Serum from 17 cases of P,
Jaleiparum infection primarily represented U, S,
citizens who contracted malarin in o country
with known endemic malaria. The serum from
130 cases of P. vivax infection were colleeted in g
hyperendemic focus of malarin in Honduras,

RESULTS

Factors Influencing the Test

Preliminary studies were carried out to charae-
terize those variables that influeneed the stability,
sensitivity, and speeificity of the IHA test. Condi-
tions having an insignificant effeet on the sensitiv-
ity of the test were splenectomy of the monkey,
contamination of the antigen with host compo-
nents, pressure of the French press, centrifuge
speed, PBS osmolarity, tannic-acid concentration,
temperature, and pH during sensitization of
the cells.

Collin, ef al. have previously reported that
rhesus monkeys received in the United Stutes
of Ameriea for medical research may have had
prior experience with malaria.!® They found that
65¢; of the rhesus monkeys received from New
Delhi had serum reactive in the IFA test when
tested with several different  simian-malaria
antigens. We have found over 50¢; of our mon-
keys from the same source to have serum re-
active by THA, with P, knowlesi antigens. This
prior experience and, at tines, partial immunity,
may interfere  with  experimentally  induced
malaria. The use of splenectomized animals has
made the course of infection more predictable,
All monkeys were splenectomized prior to in-
fection for antigen production.

The plasmodial preparation hefore disruption
in the French press contnined white-blood-cell
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nuelei und some red-cell stroma, as well as un-
known quaniities of adsorbed host elements.
These antigenic materials have not appeared to
affect the specificity of the test, but further
delineation of their influence awaits the pro-
duction of u purer preparation.

Antigen extraction from the whole plasmodia
was carried out in a cooled French press at
20,000 pounds per square inch. We found the
antigen to be useful in the IHA test when pro-
duced at lower pressures, but believed that the
best yield was obtained at the maximum pres-
sure. The disrupted material was centrifuged
with forees varying from 3,000 to 48,000 G with-
out affecting the uetivity of the final product.

The PI3% used as buffer had an osmolarity of
228 milliosmols. Another formula of FB3S with
308 milliosmols of solute did not greatly alter
the sensitivity of the test. As did Shioiri)! we
found that the concentration of tannie acid could
be widely varied, but that 1:20,000 as used above
was the most effeetive. Qur antigen preparation
was effective in sensitizing tanned red cells when
incubated at 37°, 22°, or 4°C within the pH
range 5.6 to 7.2,

Several variables were found to be essential
for standardization of this technique. These
included control of the developmental stage of the
parasite prepared for antigen, physical charac-
teristics of antigen storage, species of origin of
the red blood cells, temperature of tanning the
red eells, and osmolarity of the antigen diluent.

The uctivity of antigens from P. knowlest
varied according to the stage at which they were
harvested.  Antigens that  were reactive with
serum from animals immune to P. knowlesi
could be extracted from several stages of the
erythroeytic eycle,

Antigens having the greatest degree of cross-
reactivity with serum from other primate ma-
Iarin infections were present in increasing con-
centrntions as the parasite became more mature.
‘These antigens have detected antibodies against
the following species of Plasmodium that infect
primates: P. inui, P. coatneyt, P. cynomolgi, P.
fieldi, P. lnowlesi, P. brasilianum, P. malariae,
P. orale, P, vivaz, and P. fulciparum,

The best preparations were made from blood
containing un equal number of mature schizonts
and young ring forms. These preparations could
be diluted 20 times and still maximally sensitize
tanned cells. Preparations of ring stages were not
as active. The P. knowlesi infections generally

ROGERS JR., FRIED, AND KAGAN

developed synchronously and required harvest-
ing within a eritical 2-hour period to yield this
quality of preparation,

The active antigens of P. knowlest were rather
labile. Plasmodin stored at —70°C showed a
gradunl loss in antigen activity over a 3-month
period. Disrupted plasmodia stored in antigen
diluent at —70°C lost activity in 2 weeks. When
stored at 4°C, the disrupted preparation was
inactivated in 8 days. Once adsorbed onto red
cells and washed free of other plasmodial con-
stituents, the antigens appeared to remain stable
until contamination occurred or the cells spon-
tancously agglutinated.

The use of human, group O or rhesus-monkey
erythrocytes improved the reliability of sen-
sitization. Serum samples were tested with red
cells from the same species. Rabbit and sheep
cells have oceasionally been sensitized to an
equal degree as humun cells, but have been less
reliable, Human, group O cells from five dif-
ferent donors have been of equal quality. Those
drawn while the donor was fasting, and stored
in ACD, bave been least fragile, confirming the
report of Indeglia ef al

A water-bath ut 4°C was necessary for ade-
quate tanning of cells. A 37°C water-bath did
not promote red-hlood-cell changes that allowed
sufficient adsorption of the malaria antigens,

The antigen diluent found cffective for ob-
taining maximum sensitivity of human O cells,
tanned at 4°C, was 29, NaCl with phosphate
buffer. Use of this diluent was not essential
during disruption of the plasmodia. The sen-
sitization of red cells with a weak antigen was
enhanced when salt solution approaching 26
concentration was used (Table 1). Concentrated
solutions of antigen have adequately sensitized
cells with an antigen diluent with 0.59; NuCl.

Test Reproducibility

In an evaluation of titer reproducibility, 30
seruin samples were titrated as blind duplicates
six times (Table 2). As expected, tests performed
on the sume day with the same lot of cells were
least variable. One determination differed from
its duplicate by one dilution, or less, 009 of the
time and by two dilutions, or less, 959, of the
time. Similar reproducibility within two serum
dilutions could be obtained when different lots
of cells were used on different days if the titers
were adjusted by observing the reaction of the
positive, control serum samples. Similar results
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TABLE 1
Effect of salt concentration an the sensitizing of human red blood cells
Titers
Normal P. malarige | P. vivax P. knowlesi
human human human monkey
Human O cells, tanned at 4° ‘

Dilute antigen in 0.7% NaCl................. Neg. o o0 | 1o
Dilute antigen in 0.8¢7, NaCl. . . ....... .. ... Neg. | 1320 1:160 I 1:1,280
Dilute antigen in 1.0% NaCl................| Neg. . 1:640 e |o1:1,280
Dilute antigen in 1,362 NaCl.............. ... Neg. | 1:5120 | 1:5]120 1:5,120

were also obtained with different technicians
and different test readers.

Test Specificily and Sensitivity

To evaluate the significance of titer, we tested
various groups of serum (Table 3). Titers of
1:16 and greater were uncommon (0.99%) in
serum samples assumed to be free of antibody
against malarin. In the parasitologic diagnostic
battery, serum samples with a titer of 1:16 or
greater (69) may represent true positive results
as they were predominantly from areas where
malaria may be endemic. The testing of serum
from persons with malarin diagnosed by blood-
smear examination revealed o sensitivity of 98¢,
when u titer of 1:16 or greater was considered
a positive reaction,

Serum samples were collected and stored at
~20°C without 2 change of titer over a 12-
month period. Preliminary results on serum
collected by filter-paper absorption of capillary
blood and compared with that collected by
venipuneture have indicated that a filter-paper
technique will yield comparable results and thus
aid the collection of xpecimens.

DISCUSSION

The tests devised to detect malaria antibody
often differ in their specificity of reaction and
finnl results. The source of antigen and its
method of preparation partially limit the anti-
bodies that will be detected. Different test
results may also be obtained because the test
system employed may have a tendency to detect
preferentially the immunoglobulins of different
classes,

The agglutination of parasitized cells, as
reported by Eaton,”® appemrs to be species-
specific. Brown observed that parusitized cells
agglutinated when exposed to antibody formed

TABLE 2
Agreement of duplicate titrations in an evaluation
of 80 serum samples

i . Percent of
. - duplicate
{ Number i determinations

of dupli- differing by
Test conditions cate |
: determi- ; -
i nations , { dilu- - 2 djlu-
' tion tions
or less | or less
Tests made on the same day ,
withthesamelot of eells ., 330 90, " a7r
Tests made on  different :
daye with the same Iot of !
cells . - 180 80T 05C;
Tests made on  different
dayswith different lots of |
vells o 360 . 69¢, | 865;
Tests made on  different ’
days with different lots of | . !
cells, but adjusted ac- i
cording to control-gerum ,
results. . 360 607, 937,

against that specific relapse stabilate Cross-
reactions werc infrequent.

Previously deseribed THA tests huve demon-
strated a moderate degree of cross-reactivity
between plasmodia infeeting man and simians,
Stein nud Desowitz found that antigens from
P. cynomolgi gave u high titer with . vivax
serut, but a low titer with P. faleiparum serum.?
Antigens from P, coatneyi have high titers with
P. faleiparwm serum, but low titers with I’. vivax
serum. Mahoney ef al.® used an extract of P,
knowlest in an IHA test that gave high titered
reactions with all P, vivaw serum, Titers of 1:40
or greater were found in only 19S; of the P.
Jaleiparum serum,

When the IFA test is used, cross-reactions
among malaria infections of simians and man
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TABLE 3
Distribution of IHA lilers among serum samples from selected groups of persons
Titers
Source of specimens Total ’

Negative 1:2 1:4 1:8 1:16 1:32 1:644 speci-

mens

Normal Aluskans .. o 54 : 4 0 0 0 0 61
batients with tubereulosis. ... .. .. . . 5 4 2 0 0 0 0 11
Patients with syphilis 28 2 8 4 1 0 0 43
Parasitologic dingnostic battery ... . 1056 13 19 19 G* 2% 2+ 166
Patients infeeted with P, faleiparum .. .. 0 1t 0 0 {1 14 17
Patiems infeeted with P, vivar.. . .. 11 0 0 0 2 | 5 122 130

* These 10 serum snmples included four from persons with filariasis, three with schistosomiasis, and

one each with syphilis, trichinosis, and visceral larva migrans.
t Serum drawn early in experimental infeetion; IFA titer of 1:4 not considered significant,
$ One-ycar-old male, normal zerum proteins by electrophoresis, IFA test negative with . vivar

antigen.

have been common?s The highest titer ob-
tained with a given serum was usually obtained
with the homologons antigen, but strain dif-
ferences have not heen  demonstrated  sero-
logically.

Antigens extraeted from P. knowlest by Klig-
ler'd and by Eaton' have shown broad generic
reactivity when used in the CF test. Antigens
prepared from the seram of 2. knowlesi-infected
monkeys gave less interspecies reaetivity than a
plasmodial antigen preparation.®

Todorovie has deseribed the preparation of
n o serum  antigen from acute infeetions with
P. gallinaceum in chickens? In the tube latex-
aggltination (LAY test, the antigen hus shown
generie eross-reactivity. Antigens from P, gal-
linaccum infeetions reacted with antiserum to
P. gallinaceum, . berghei, . knowlesi, P.
malariae, I. faleiparion, and P, vivax.

The use of =oluble antigens in the CF, 111\,
and TLA tests has been associated with more
cross-reactions  than have been found  with
parasitized eells in agglutination tests. The dry
smear of parasitized blood as used in the TFA
test has provided an intermediate  degree of
cross-reactivity, Close attention to the stage of
the developing parnsite has allowed us to obtain
antigens that are common to many speeies of
Plasmodium. ‘These antigens may be struetural
clements, metnbolites or seeretions of parasitic
origin, or altered host elements, The antigens
are apparently released into the plasma when
the merozoites are liberated. The activity in
voung ring stages is greatly redueed.

The thermostability of malaria antigens has
not often been commented upon. Most prep-
arations have apparently bheen rather stable.
Todorovie’s antigen is stable for several months
at 4°C. IFA test antigens are generally stored
ag dry smears at —70°C and remain usable for
1 year or more. Our crude extract of P. knowlesi
plasmodia has been very labile; storage at ~70°C
has heen essential. This lability suggests that
reactions continue in the undiluted preparation
and result in alteration of the effective antigens.
The development of effective preservatives is
NCCOSSATY,

The THA test offers certain advantages in
the serologie dingnosis of malaria. Tt requires little
time per test:a teehnician working with sensitized
cells ean titrate over 400 servm sumples per day.
Thig may be further improved by the use of
automated technigues. The antigen requirement
of THA is certainly much higher than that of
the TFA test, but it utilizes plismodia that
infeet simians, Each monkey ean provide suf-
ficient antigen for 3,800 complete titrations,
or more than 10,000 sereening tests. ‘These
charaeteristies make possible the use of the 1A
test instudies of the seroepidemiology of malaria.

SUMMARY

An indireet hemagglutination (IHA) test for
malarin was evalunted. Antigen was prepared
from mature schizonts of Plasmodium knowlesi
harvested from the blood of the rhesus monkey.
The plasmodia were freed from red blood cells
with distilled water and then disrupted in o
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French pressure eell. A 25 NaCl extract of the
disrupted plasmodin - was  used 1o sensitize
human, group O tanned erythroeytes.

This THA test detected antibody titers of
1:16 or greater in 987 of slide-proved cases of
malarip. and in less than 107 of serum from per-
sons without a history of malarin. The mnjor
problems in this technique included harvesting
the correet stage of plasmodia for antigen, using
the French pressure cell, and storing the lubile
disrupted preparation. Control of these variables
has made possible n test that ean deteet antibody
against o speetrum of plasmodia that infect
]WmmUNAﬂ“HHMHMHWHWWﬂMHMWﬂmﬂmmh
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