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dilutions of reference and test sera were also made in the above
mentioned buffers.

HA test. Titer of haemagglutinin or measles HA antigen was
determined by HA test. Twofold serial dilutions of antigen were
prepared in PBS using microtiter plates of V-shaped wells

(0.025 ml of diluted antigen per well). To each well 0.025 ml of

0.5% rhesus monkey RBCs were added. The plates were gently
shaken and incubated at 37 °C for one hour. The highest dilution
of antigen which gave complete HA was taken as the endpoint and
it contained 1 HA unit (HAU).

HAI test. Serial twofold dilutions of serum samples were
prepared in microtiter plate of V-shaped wells in PBS (0.025 ml
of diluted serum per well). Four HAU of antigen in 0.025 ml was
added to each well. Plates were kept at 22 °C for 45 mins, after
which 0.050 ml of 0.5% rhesus monkey RBCs were added. Plates
were gently shaken, kept at 37 °C for 1 hr. Titers (the highest
serum dilutions which gave a complete inhibition of HA) were
recorded. Controls included sera without antigen at the lowest
dilution, uninfected tissue culture fluid and 0.5% monkey RBCs.

Results
Fixation, tanning and sensitization of SRBCs

Fixation of SRBCs with glutaraldehyde was found to be
better and easier than that with formaldehyde (data not
shown). Hence the former was used throughout the study.

Fixed SRBCs, when tanned with 1:10,000, 1:20,000,
1:40,000 and 1:80,000 dilutions of tannic acid exhibited titer
differences of not more than twofold dilution with reference
anti-measles serum (2 IU/ml). The titers were highest at
1:40,000 dilution of tannic acid in case of fixed SRBCs.

Unfixed SRBCs exhibited highest titers at 1:10,000 dilution of

tannic acid when tanned at 4 °C overnight (Table 1).

Table 1. Effect of dilution of tannic acid for tanning SRBCs

Dilution of
tannic acid

Titers of reference anti-measles serum

Glutaraldehyde  Formaldehyde Unfixed

fixed SRBCs fixed SRBCs SRBCs
1:10,000 1:80 1:40 1:40
1:20,000 1:160 1:20 1:20
1:40,000 1:320 1:80 1:20
1:80,000 1:80 1:20 <15

The other factors affecting the sensitivity of the PHA test
were the concentration of sensitizing measles HA antigen
(Table 2), the period of exposure of tanned SRBCs to the
measles HA antigen and the temperature of sensitization.
The optimal concentration of measles HA antigen for sen-
sitization was 32 HAU for all types of fixed and unfixed

Table 2. Optimum concentration of measles HA antigen for
sensitization of SRBCs

Concentration Titers of reference anti-measles serum
of measles HA
antigen (HAU/ml)

Glutaraldehyde
fixed SRBCs

Formaldehyde
fixed SRBCs

128 1:40 1:20
64 1:80 1:20
32 1:160 1:80
16 1:80 1:20
8 1:20 1.5
4 1:20 <1:5
2 <1:5 <15
1 <1:5 <1:5

SRBCs. The maximum titer of the reference serum was
obtained when the exposure of tanned SRBCs to sensitizing
measles HA antigen proceeded for 30 mins at 56 °C. There
was two- to fourfold fall in titer when fixed cells were
sensitized at 37 °C, 22 °C or 4 °C. Temperature of 56 °C
was unsuitable for sensitizing unfixed SRBCs, as they
tended to lyse very rapidly at this temperature with a change
in colour from reddish to brown. Moreover, the unfixed
SRBCs showed a tendency to clump, giving nonspecific
agglutination. However, when the unfixed SRBCs were
sensitized at 22 °C and used, very low titers were obtained.

Suitability of RBCs belonging io different animals

The sensitivity of PHA test was influenced by the use of
RBCs of different animals. SRBCs (originating from sheep)
were most suitable for use in the PHA test, as maximum titer
of the reference anti-measles serum was obtained with them,
while RBCs from rabbit, horse, fowl or guinea pig gave
much lower titers, and nonspecific agglutination with goose
RBCs was obtained (Table 3).

Table 3. Susceptibility of RBCs belonging to different animals

RBCs from Titers of reference anti-measles serum

Sheep 1:320
Rabbit 1:40
Guinea pig 1:20
Fowl <l:5
Horse 1:40
Goose NSA

NSA — non-specific agglutination.
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after storage of lyophilized SRBCs at -20 °C or +4 °C for
15 days there was no loss in titer. The results of storage for
15 days at 22 °C, 37 °C or 45 °C were also better. However,
exposure of stabilized sensitized SRBCs at 37 °C for 30
days resulted in twofold drop in titer. Lyophilized, sensi-
tized and stabilized SRBCs of the batch B, which were
found to be highly stable, were reconstituted with PBS
containing 0.2% Hepes and its stability was observed for
five days at +4 °C. The results indicated that the reconsti-
tuted SRBCs retained their original titer of 1:320 up to 3
days. On the fourth and fifth day, the titer declined two and
eight times, respectively.

Application of PHA test

After standardizing the PHA test, it was applied to detect
the level of antibodies in serum samples obtained from 192
infants aged between 6 to 9 months and healthy 99 rhesus
monkeys. Simultaneously, these sera were also titrated by
HAI test. The correlation between titers of individual mon-
key sera obtained by PHA and HAI tests is presented in
Figs. 1 and 2. Out of 99 monkey serum samples tested 45
samples were found positive for measles antibodies by PHA
test, whereas only 30 samples were found positive by HAI
test. In case of 192 serum samples of infants, 143 serum
samples were negative by HAI test as compared to 63
samples by PHA test proving a higher sensitivity of the PHA
test. The antibody level in the negative serum samples could
be detected only up to 1:8 because of the limitation of the
filter paper technique. The titer in 127 infant serum samples
ranged from 1:8 to 1:512 by PHA test in contrast to 49
samples exhibiting antibody titer in the range of 1:8 to 256
by HAI test. The correlation coefficient between the two
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Relationship between antibody titers of 99 monkey sera estimated
by HAT and PHA tests
Reciprocals of titers indicated on the abscissa and ordinate. Numbers of
serum samples shown at points. - correlation coefficient.

r 0.908
512 .
2
256 S
1281 2/.3
64 S, 1 A
T 32 24
o Q¢
181 7 A% .10
30
8 o
g}/ 65
07758 8 16 37 64 128 256 512
HA
Fig. 2

Relationship between antibody titers of 192 sera of infants estimated
by HAI and PHA tests
For legend see Fig. 1.

methods was 0,966 in case of monkey sera and 0.909 in
infants sera. Chi square (Xz) test applied on 127 PHA and
49 HATl titers of positive infant serum samples, and similarly
on 45 PHA and 30 HAI titers of positive monkey serum
samples revealed that the PHA test was more sensitive than
the HAI one. The calculated value of x” was based on one
degree of freedom and found to be significant (p < 0.05).

Discussion

An attempt has been made in this study to develop a quick
and sensitive method for the quantitation of measles-spe-
cific antibodies. Factors influencing the PHA method in-
volved source and the conditions of fixation and sensitiza-
tion. Regarding the fixation procedure, that by glutaralde-
hyde was found to be better and easier than fixation by
formaldehyde.

The optimal dilution of tannic acid for tanning of fixed
RBCs overnight at 4 °C was found to be 1:40,000. However,
it was 1:10,000 for unfixed RBCs. Peel (1980) had also
observed maximum titers at 1:40,000 and 1:80,000 dilution
of tannic acid, while standardizing the PHA test for titration
of tetanus antitoxin. The concentration of measles HA anti-
gen for sensitization has a great effect on the final sensitivity
of RBCs. Sensitization of tanned RBCs was best achieved
at 56 °C for 30 mins using 32 HA units of measles HA
antigen.

The validity of the optimal conditions found in this study
was confirmed by the consistency of findings when other
batches of sensitized RBCs were prepared from fresh sam-
ples of RBCs taken from time to time from the same animal.
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The need to use RBCs from a single animal that was
mentioned earlier (Peel, 1980; Galazka and Abgarowicz,
1967y was confirmed in the present ﬂ;ruci\/ Although some
variations in results were observed with RBCs from differ-
ent sheep as expected, yet, sheep RBCs (SRBCs) were
found to be the most susceptible and sensitive for the PHA
test as compared to RBCs of other animals. Fixed RBCs
were used because of their resistance to lysis, stability on
storage and ease of handling. Moreover, a maximum titer of
the reference anti-measles serum was obtained with fixed
RBCs, but not with unfixed RBCs. This was due to the
sensilization of fixed RBCs at 56 °C which withstood 11‘11:&;
temperature. Hence, when SRBCs were processed under the
optimal conditions, maximum sensitivity and reproducibil-
ity of results was achieved. After standardization of the PHA
technigque using glutaraldehyde-fixed, tanned and sensitized
SRBCs, it was essential to see the stability of all the reagents
ing mch step of the test. It was evident that fixed
i RBCs could be stored at -70 vithout any
365 0 titer up to 120 days. On lw other hand,
sensitivity of the sensitized SRBCs decreased 2 - 8§
s at 44 "Cor =20 °C after storage for 15 or more days.
Our results are in accordance with the earlier
Hubert ef al. (1963), who has made similar observations
using various bacterial antigens for sensitization of RBCs
and storing theny up to 180 days at -70 ©
could be used up to 15 days when stored at =70 °C without
any decrease in sensitivity and reproducibility of the test.
When unlyophilized sensitized SRBCs were stored at -
70 °C or ', ane cycele of freezing and thawing was
unavoidable before testing. The results obtained clearly
indicate that two cycles of freezing and thawing after re-
maoval from =70 °C or -20 “C did not a lm‘ the susceptibility
and sensitivity of the sensitized SRBCs. To increase further
the stability of sensitized SRBCs, it was considered impor-
tant to lyophilize them in the presence of stabilizers. The
lyophilization, using above mentioned combination of sta-
hitizers increased the stability of SRBCs even when tested
after storage for 120 days at =20 °C, +4 °C or 22 °C. How-
ever, the use of stabilizers as lactose, I J-sorbitod, 1
Lealanine and NRS helped in retaining the titer of sensitized
SRIBCs at +4 "C oor 20 °C for lm?,) days, These results
confirm the carlier findings of Cook (1965 and Gupta ¢ al.
{1987y who emphasized the use of stabilizers in the lyophili-
zed preparations of sensitized SRBCS. Our lyophilized sen-
sitized SRBCs of batch B3 reconstituted could be used up to
3 days without any decline in titer.
The second part of the study was to compare the sensi-
ivity and correlation of the PHA with the HA T test for assay
<§)f measles-specific antibodies. It was observed that titers
obtained by the PHA test were higher than those by the HAT
test. Similar results were reported by Sakata and Sugiura
(1988). I'rom our results with the PHA and MAT tests it s

L-histidine,

findings of

clear that the PHA method is quite specific and sensitive for
quantitating measles-specific antibodies,

Therefore, the PHA method can be adopted and is rec-
ommended in the day-to-day routine work in laboratories
engaged in the sero-epidemiological studies of measles.
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