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INSITIZED CELLS IN INDIRECT

MICROHEMAGGLUTINATION TEST FOR MALARIA®

DAVID €. FARSHY asvp IRVING G, K.\(:.}.\’
Pavazitedogy Seetion, Center tor itiveaw Control, Health Services and
Mewtal Wealth Aedministration, Puldic Health Serviee, 178, Depurtment

of Health, Education, and Welfare, Ahaata, Georgia s0333

Abstract., Human 07 erviliroeytes were stahilized with pryruvic wdehyde, tanned, and
fixed with glutaratdehyde, These cells were sensitized with antigenic preparations of Plas-
modiwm knowdesi and were used in the indirect micronemagglutingdon test with serum
samples from human malaria caises and negative controls The cells did a0t Tose sensitivity
after 3 months of ~toree, The practical application of these cells in serocpidemiological

~tudies of malaria is pointed out.

Livk of reproducibility is one of the inherent
limitations of the indirect nicrobemagulutination
CHEN tests Hicita et ad bave reported that the
tvpe of plastic tray, antiserum diluent, and micro-
titration loops used influenee the repaducibitite
of the THA titers

Both unitormity of size and availability: make
red Blood cells very useful for LA tests. How-
ever, the variation in red blood cells,
differences in surlace characteristics of various
batehes of ervthroeyvte<2 fragility, susceptibility
“and pnysiologic mnd netabolic hanges
Pare some of the difficultios asso.

lots of

to I:-\
during storage
ciated with their use.

Another important factor influencing the ma-
Lorin TR test s the use of complex antigenic
materials for cell sensitization. It the combined
effect on titer fluctuation die to differences in
red blood ceits and antizenic variability s elime-
inated. the reproducibiling of the technique will he
greatly increased. In order to accomplish thix end
for the malaria HLN test, the present study was
untlertaken,

MVTERIVLS AND METIHODS

Bujijer. Phosphate buifered saline tPBS) con-
sisted of 0.00 v Na HI'Oy and Nall.PO, which
contitined Q7477 Na€Cl Sodium azide ¢0.190 0 was
added as o preseevative, The pll of this buffer

wis 0.1,
Necentedd 3 June 1972,

This stwdy was supported inopart by the U.S,
State Department, Aeeney for Internations) Develop-
ment, Participating Mwenoy Serviee Azreement (PASN)
No. RN (HA) 3.6,

Lreparation af ervthrocytes. One- or 2-dayv-old
hunkim =07 cells, callected in modified Alsever's
solution telucose 205 g0 sodium citrate 8.0 g
sodium chloride 4.2« citric acid 0.35 ¢ in one
liter ar distilled water: pH adjusted to 0.1, were
wirhed in PBX three times, To o 47 suspension
of the cells in PBS, an equal volume of 27 pyru-
vie aldehyde «Plaltz & Bauer, Flushing, N, Y. %)
wits added slowly while the ceils were being mixed
ob i manetic stirrer for 30 poin at room tempera-
tare. ‘Fhey were then left I8 hes at 4C and
accasionally stirred. Then, the cells were cen-
tived at Y00 2 g for 10 min and washed three
times in 10 volume of PBS. An equal volume of
2.3 cell suspension i PBS was mixed with a
1:2.300 solution of tannic acid in 'BS at 3C for
30 min. The tnned cells were centrifueed and
wished onee in PBS. An equal volume of 44
wished tanned cells was mixed with a 277 glu-
taraldehyde (Ficher Seientific Cov solution in
PBS an the magnetic stirrer for 2 hours at 100m
temperature: then the cells were centrifuged, and
washed three times i PBS, A 109 cell suspen-
sion was prepared and kept at 3O until used.

Antigen, The antigen used in this study was
prepared from Masmodinm knowelesi by slight
madification of the method described by Rogers
et al® The frozen parasites were thawed and
diluted 124 with PBS and sonified continuously
in a Biosonik TEA (Brownwill Scientific. Roches-
tero NoYo dor 7 omin at reom temperature with
the microprobe set at e

pover. Microscopic

#The use of trade names is for identification anly
and does not constitute endorsement by the Public
Health Service noe by the U.S. Department of Health,
Education, and Weliare.
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eximination of this suspension after  staining
showed complete disruption of parasite cells. The
stispension was centrifuged at 12,100 2 ¢ jor 13
min. “The supernatant 1luid was the antigen. and
it was stored at T C until used. This antigen
was titratedd, and the dilution that save the highest
titer with & battery of positive sera and no non-
specific reactions with negative sera was used to
sensitize cellss Onoan average the antigen could
be dituted tenfold. MU dilutions were made with
I'bBs.

Sensitization of the cells. One part of Tixed,
tanned, and packed cells was suspended in 10
parts of an appropriate dilution of antigen (V7 Vo,
The suspension was incubated inoa S0C water
hath Tor 3 min and then at 3¢ Jor 19 hr. Then
the cells were suspended amd incabated in o 0 C
water hath for an additional 2 min. X i suspen-
sion of sensitized cells was prepared by aduing
PES containing 0237 Bovine serum albumin
fraction A" Armour Pharmaceutival Coors it was
Rept at 40 until used,

Dilwent. The Fluent for the micro THN test
Wits prepared by mising 25 0l of 0.2 9 Nt
HI'O@TH 0 and 23 ml af 02 w0 NalLI'Oye 1.0
with 7.5 m! distilled water, This diluent usually
amiained 0730 of normal rabbit serum NRS,
concentration of NRS could Le
in order to obtain

However, the
viried from 023 0 107
desirable VLA patterns and titers for each bateh
of Tixed sensitized cells,

Sevnmt sampies titrated. Two hatteries of sera
were tested. Battery A consisted of 24 serum
samples. Twenty-one of the seri were collected
in October 14970 from people coming to a0 malaria
fever dinic in Cuiaba, Mato Grossa. Brazil, Al
bt one of these individuals were adults. Seven-
tcen of the 21 <howed parasites in their blomd
smear<: 10 of the parasites were ddentified as
Plosmodivm feleiperum, 6 as Pvivar, and 1 was
nnidentivicd. Three serum samples were receive!
from the New York tate Public Health Labora
tory and were Used as negative cantrals. Battery
Boconsisted o 40 samples. ML of the positive
sumplos in - this battery were from slide-proven
Grses of madaris. The sera were submitted to the
Ceater for Discase Contral in Manta, Ga., by
various military orzmizations and Stire Health
Lihoratories.

Indirect T test.
with o6 Usshaped wells were abtained from Linbro
Chemical Co. New Haven, Conn. Into each well,

Dispozable plastic plates

869

Tapn, 1
HLY diters of Battery A serwm samples seith stable
semsitized cells

Dray < attor paeparation @1 celi-

\o Conle vi | 3 14 RO a
1 1350 12N 0 03 128 128 A
2 1669 LOM 20408 102 1,024 1,024 52
R HEES 2048 100 2008 1024 1,020 1,00
1 1656 ) A 2360 a6 120 23
3 1634 HG06 40U6 L0UG 1000 1000 3,00,
0 1633 LOY Q048 2098 230 2,048 1,624
v 1037 LoXy 512 31 R =1 2%
N 1hav Rl S FURCE S RS S B
Y fuo RO ER S LS T S LN
10 1042 R RS SN KUAR TS L ROAR T I
1 1=u7 | IO A B FURS I EEEAEY (1
12 103 [IRYAR I NPAR TS TR S TS R 0
15 NYI10s3 0 0 4] ¥l 0 0
14 1674 (1%} 4 0} | A (I (3]
12 N H600 1,020 1,024 1,029 1,024 1,004
16 .7 2981024 2048 1,020 2,008 1.0
17 1603 23 23 2300 F12 0 A 230
IS5 NYIG0R 8] 0 §] 0 0 0
1 1601 L0 LOZE 1024 1024 1,024 1,024
20 1has  IRL T P O 128 10N 01
STONYIa2s 0 0 0 0 0 0]
2l 1hi} A0 204 D048 1,020 1,004 212
AR T3 J0UG 1,020 1.024 1,004 - 1024
24 1601 1O 1021 1021 1,004 1,02 1,020

we dropped 005 ml of diluent with o dropper
obtaine:! from Caooke Engincering Co., Mexandria,
Vao We transferred 005 mb af seram into cach of
the first wells using o Tahatsky “tulip type™ loop
tCooke Engineering Coors Twotold dilutions of
era were nitde, starting with w12 diiution The
lovos were presaiked in dituent befure 1he sera
were cansterred to prevent the carry over effed.
The plites were placed on o shaker whise 0,023
ml of o stable sensitized  cell suspension was
irspped into cach welll The THLY patterns were
read atter 1 oto 2 hours of incubation st room
tewperature, daceording to the methad of Stavit-
NS

RESULIS
For cach serum in battery X, the ceometric
titers ahout that
Ninety-two

mean and the distribeition of
geometric mean were determined,
pereent of the 11S replicate titers an 20 <10 (sen
noo So030 080 and 21 from Table 1 owere omitted
in these calcdaiionsy were within one dilution
Lactor connfoldy of their respective within serum
geometric means,
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Tannr. 2

HLA titers of Batters B sera swith stable semitized
oolly

Py~ ter prepatation of ells

N, Coufee 0 S ) iy
1 [E¥) 42 82 32 82
J O 4006 4000 4000 4,006
K 74 0 4 0 0
4 It 0 0 0 0
5 73 250 128 250 128
6 i 128 128 230 128
7 7 250 2 230 250
A i 128 64 128 01
9 03 4096 4,090 4000 U0
10 94 0 0 0 0
11 RE) 230 128 128 128
12 33 a2 10 10 16
13 10 4.0 4,000 4096 4.096
14 20 128 04 128 1258
15 37 s 230 230 230
16 a3 0 0 0 0
17 32 2048 409 4,090 4.090
18 KR | I 25 128 1258
19 A7 0 0 0 0
20 32 256 250 230 250
21 1¢6 LO24 1,024 1,024 1.024
22 174 2 230 256 128
23 140 12 s 250 1258
24 132 1O 2048 1,004 2048
25 144 n R s i
20 162 n in 250 250
27 173 0 0 0 c
28 181 1,024 1004 1024 1,024
29 178 S S 0 S
30 176 4,000 2048 4,006 4,090
s 116 i 256 12 236
32 145 4006 4,090 4,006 3.000
33 114 4996 4,096 4,000 4,090
Rt 113 0 4] 0 0
35 99 236 in in 312
) 08 4,006 4,006 4,006 4,000
a7 135 4066 4,000 4,090 4,006
is 137 L0244 5,024 1,004 1,024
A9 07 230 in 236 236
40 139 4096 4,006 3,006

4096

Six replicate titess were oltained for cach of
19 sera in Table 1 tsera no. 5. 6. 13, 22, and 23
were omitted from these caiculationsy. For o of
the 19 sera. these replic:te titers were identical ;
for 7 sera. the highest titer was two t'mes the
lowest titer: ard for the remaining 6 sera, the
highest titer was four times the lowest titer.

Ninety-seven percent of 96 replicate titers for
24 serain Table 2 (serano. 2, 4. 9, 10, 13, 1e, 17,
19, 27, 30, 32, 33, 34, 36, 37, and 40 were not
included in these caleulations) were within one
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Ficvre 1. Hemagglutination patterns of malaria
sensitized stable cells in serially diluted malaria anti-
serd. The antisera were diluted from leit to right
A negative reaction is shown by small cirele, and
esitive reaction is shown by a smooth or irreguln
aat shape,

dilution facior of the respective within serum
geemetric means.

Four replicate titers were obtained for cach of
O serain “Table 2 tsera no, 2, 0, 13,17, 30. 32,
3,30, 37, and 40 were not included in the cal-
culations). For 12 of 30 seia. these replicate
titers were identical: for 14 serq the highest titer
was two times the lowest titer: for 2 sera the
hizhest titer was four tines the lowest titer: and
for the remaining 2 sera the highest titer was
mare than four times the lowest titer,

The hemagglutination patterns of the stable
sensitized cells were casy to read because the
cells retuined their orizinal shape after stabiliza-
tion. tanning, and sensitization (Fig. 1,

N
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DISCUSSION
The  specificity and cross-reaciivity of  he
antigen used in this study and in the THIA fest
vith fresh cells have bheen evaluated with the
ort from other parasitic diveases, syphilitic sera,
and norma! healthy human donors in an carlier
study in this laboratory.” 1t was found that titers
of 16 or greater oceurred in 0.9 of the cases,
Some hatches of hunan tvpe 07 cells gave
better results than others with a given hatch of
antigen. “This occurs with fresh cells and has also
been reported by Hirata and Brandriss for alde-
hyde fixed cells?
Ling has ompared stabilization of human ~0™
cells with several aldehydes and sibsequent sen-
sitization with protein antigens.® o concluded
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that pyruvic aldehyde and clutaraldehyde were
superior reagents tor this purpose,

We have used cach of these two aldehydes
alone with only partial success. The combination
of the two aldehydes, separated by the tanning
procedure, nroved to be asatisfactory method for
stabilizaiion of nudark antizen. Our attempts to
couple malaria antizen to red hlood cells before
or after fixation by various chemical agents such
as bis-dinzotized benzidine.” chromie chloride,!™
carhodiimide.” ditluorodinitrohenzene’ or cvi-
nuric chloride’™ were not saisfactory. With some
ol these reasents ondy partial success wis achieved
and losw titers resulted.

The difficulty encountered i preparing scbile
sen~itized] cells may he due to the comples nature
of malariz antizens. Chavin reported that a saline
extract o Plavmodinm berehei contains, in addi-
tion to some lipids, cight to 10 proteins detei-
mined by precdipitin asay and up to 13 proteins
by polvacrylamide el clectrophoresis ' P kot
Jeai cell-free extract showed 8 precipitin bands by
agar el and 13 bamds by polvacrylimide gl

clectrophoresiz.

It bus been shown dhat aldehydes will react
with Tree amino groups of proteins® Tn wddition
to amino gronps, sulthydryl groups and to some
extent imidazole groups will react with aldehydes.
The ~urfiace of the red blood cells becomes more
anionic cwhens the free aming rroups are bound
by addehyder o they will react vith the jonized
groups of protein antigen. Tt is possible that
aldehydes in addition 1o tannic acid treatment are
responsible for retaining the conplex malarial
antigen on the cells surface in aur experiments.

The aldehyde-fixed ervthrovytes will provide a
population of stable sensitized colls which can be
wed repeatedly until exhausted. This will save
considerable time in the daily operation of labora-
tories that periorm THA tests routinely. Fuither-
more. the stable sensitized cells can he <ent to
other Tahoratorics  around  the  world  without
damage to the cells or o= of antigenicity,

The use of human type 07 cells in the THA
test obviates the need to ahsorb sera for hetero-
uhile antibedies. Variation found in different
aliquots of red blood cell: can be prevented by
the use of one batch of aldehyde-fixed cells,

In this procedure a crude malaria antigen
preparation was used. The time-conzuming and
tedious fractionation by column chromatography
is not necessary to prepare a resctive antigen. wnd

81t

the loss of antigenicity due to fractionation proce-
dures is eliminated.

Since <mall amounts of sera and antigen are
required to perform the micro THA test and large
numbers of sera can be tested in a short period
of time. the technique can be used as a practical
tool m the seraepidemiology of malaria around
the world.
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