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BIKEN JOURNAL 6.45.56 (1963)

Comparison of the Hemagglutination Inhibition
Test for Measles with Serological

Tests and Its Application to a Field Trial*
NOBUHARU KUNITA

17^^u$ Laboratory, Orek" Pubtic IJF"!Ift In31th, !e, 0$aka

TATsuo KITA\vAKi, SHUIi FUNAHASHi
D, pan", grit of Vim!rigy and Dgparlme"t of Preue"tiue Medicine, Refe@FCh

Institute for Microhi@! Di5ea, eJ, Of aka Uni"errity, Osaka

A comparison was carried out between the complement fixation, hemagglutination inhibition
and neutralization tests for measles in sera of subjects in various conditions. The hemag-
gltitination inhibition and IlGutralization tests were more sensitive than the complement fixation
test and 111e antibody liters of the two former were closely related. A booster effect could be observed
with the hemagglutination inhibition and neutralization tests in 9 children who had been vaccinated
with live measles vaccine in a field trial. These serological responses were liardly detectable by
the complement fixation test

The hemagglutination inhibition test was FoulTd to be useful for serological examination in large
scale field trials

KUMAO TOYosHiMA

Pir"$ Labor"!o0, 0mktt Piibti, Heal!/I Initi!1118, 05@k"
(Recei"ed for publica!ion, lit"e 15, 1963)

AND

In 1954, Enders and Peebles isolated and cultivated measles virus in tissue

culture and at the same time they employed the complement fixation (CF) and
neutralization (NT) tests for identification of the measles virus. Other investiga-
tors applied the CF test for serological surveys of measles antibodies in GPidemi-
o10gical studies (Enders at a!., 1957; Ruckle and Rogers, 1957; Black, 1959; Beck,
1959) .

R. .. ntly, Fade^ and Chany ( 1960) d, ^orib. d th, ham^gglutinati. it (HA) and
hemagglutination inhibition (Hl) tests for measles virus using simian red cells.

SUNl\, TARY

INTRODUCTION

* This study was partly supported by a Grant from tl}e Measles Vaccine Research Association
ABBREVlt\TIONS : CF : Complement Fixation, NT : Neutralization, Hl: Hemagglutination
Inhibiti. n, HAnin^ H. inagglutinin, PBS^ Ph. ,phat" Buffer"d Saline (Mj15, pH 7.2), TCD. .^ 50%
or Tissue Culture infective DOSis
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KUNITA, KITAWAKl, FUNAHASHI AND TOYOSHIMA

The Hl test was applied for the examination of measles antibody and was compared
with two other serological methods by several investigators (Black and Rosen,
1962; Cutchins, 1962). Though the CF test for. measles antibodies was found to
be less sensitive than the NT and Hl tests (Cutchins, 1962), it was still valuable for
screening for antibodies against measles.

Recently it became easy to obtain high potency antigen for the Hl test by
selection of tissue culture cells for' hemagglutinin production and by ether-Tween
80 treatm, nt (Northy, 1962 ; Fun^hachi and Kimw^ki, 1963). With this high

the Hl test could readily be applied in a serological survey ofpotency antigen,
measles.

This paper reports a comparison of the Hl test with other serological tests with
regard to their sensitivity and reliability with sera obtained from persons who had
various histories of measles and the application of the Hl test in a field trial carried
out in Japan in 1962 in accordance with the WHO measles live vaccine project.
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I . Ply"s

The Toyoshima strain of incusles virus adapted to FL cells was employe or neutra Iza ion
and complement fixation tests. The strain adapted to KB cells \\, as used for the hemagg unnation
inhibition test, since more hemaggluiinin could be obtained from infected KB cells than Tom in ecte
FL cells.

2. TjJJ"e tunnye

FL cells were suspended in growth medium consisting of Earle s balance sa Is so u ion sup-
piemented with 0.5 per cent Iactalbumin hydrolysate (LE) and 15 per cent bovine scrum and dis-
tributed in I inI ajiquots in test tubes. One or two days later they were use or t e neutra iza to
test. For maintenance or the cells, LE supplemented \\, ith 3 per cent bovine serum (I ) was em-
ployed

3. Antigen for the newlyajizatio" IeJ!

XiATERIALS A1\:D At ETHODS

The MM of infected FL cultures was replaced with fresh MM when apparent cytopat ic c anges
appeared. About 24 hours later, the infected fluid was harvested, clarified by ow spee centri u-
ation and stored at -20'0 after distribution in small tubes. The infectivity o one tu e rom

each antigen lot was tested and lots containing more than 105 ToDs. Iml were employe or t e
NT test

4. Complement Ixi"g antigen

FL cultures infected with measles virus were harvested when maxima! cytopat it c anges were
observed. The cell-fluid mixtures were sonicated in a 10 Kc sonic OSci! ator or severa minu es.
After low speed centrifugation, they were distributed in test tubes in appropriate vo umes an s ore
at -20'C

5. Preparation of Item@gg!till"in

KB cells were infected with measles virus at an input multiplicity of about I. Six or ays
after infection, the cells and fluid were harvested and stored at -20 C. These materIa s were
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sonicatccl and after low SPCed centrifugation, JINIins were sedimeitted by centriftigatioiT at 36,000
g for I hour. Pellets were Jesuspcnded in 1110 volume of '11/5 PBS (pH 72) aild clanfiecl by low
speed centrifugation. This material was mixed willt Tween 80 (final concentration 2 in Irul) ai, d
then an equal \, o1ume o1 anesthetic ether by \, igorous shakiilg in an ice ballt for 15 In inlites. TITc
aqLienus PITase was collected after centrifugation and 111ciL the residual ether was evaporated Rela-

11\, cly pure, highly active HAniit could be obtained by these procedures.

6. rye"!men! of fern

Fur inc NT anti CF lusts, sera \VCre illactivaietl at 111cir lowest dilution. For 111c Hl test, kanliiT
or' acetone Iteatmcnt and nlonkey, ^etl cell absorpiioiT \VCrc employed. A11 cqua1 \, o1umc or 25 per
cent kaolin in PBS and 4101tl tilltiled scrum were mixed and shaken \, Igorous1.101 20 min. at room
temperature. The mixiurc \\, as spun at 3,000 rpm for 30 min. and the supernataiit \\as itTitcd
willl an equal volume of 5 per ccnt Inarikcy I'cd blood cells (rbc) . t\ticr I 110ur at 37'0 it \\, as ccntri-
ruged anc1 111c SLIPcri, at ant was used 101 the Hl test. For acetone treatmcnt, 0.2 inI or scrunl \\, as
mixcd \\, ill\ 4- inI or acetone and the ntixture was ccntrifugcd. 'The scdiment was washed oncc with
4 inI of acetone and dried in a ticsiccator \vhicl\ was c\, acuatcd by suctioiT with a \, acuun, uru I .
60 min. Dricd material was dissolve"I in 0.8 in I of PBS aild piacccl in a lefti uralor ove - ' I I.
0.1 n, I or packed monkey rbc was added and then titc mitturc was treated as describcd above. U -
less otlicrwise specified, kaolin and monkcy rhc treatment was employed. The final concentrations
of these Ircaied sera were 1:16 in kaolii, ticatmcnt and 1:4 in aceioitc treati, Tent

7. JV, 111rn!trailo, I IeJ!

Sei'jailv 2 fold cli!utions DEScra were nlIxecl\\, iih equal\. o1umes orvirLis coltt ' ' 102 TCD,
0.1 inI and incubatcd at room tempcraitire for 60 min. 0.2 inI of the mix!ure \va I, d '
cach or + FL tubcs containing I inI or freshly cllangcd Mi\J, and lite Inixttires we b .d
35'C. 'Titraiioit o1' antigen was performcd simtiltancously willI 10 101d serial dilut'o F' , I .
wcrc innculatccl willI 0.1 InI at caclt dilution aild obscrvct110r 14 <1a s. Tlic NT tileis or 11 . ..
were calculatecl by Rcccl ai, cl Mticnch's 111enjocl. after caretill inICiosco to ribservai'o I
\vlicii all5ItIbcs in DCulaicd willt 10~I or aittigcn SIlowecl cytupathic changcs

8. Conyfei, left!I\"'10/1 let!

The droj, Iecllniquc Lising plastic trays was employed. 0.02 inI of 2 fold serialI d'I t I
sera \VCrc transferred into plastic trays using a syringe for Ihc micro-CF test (Hirasa\va). E ual
volumes or antigcil containing 2 units and 0.04 in I or coinplcmenI containing 2 full tinits was add I.
After incubatioil in a refrigerator for about 181Toui's. 0.04 in I or 0.125 PCr ccnt shec red blo d H
sensitized with 20 uniis hemolysiil were added. The ntixtures were incubated at 37'C for 30
and then the cells were settle at 4'0 For 30 milt Thc highest scrum dilution showing 50 per cent
hemolysis was takeil as the CF titer

9. Hemn"g!"!that ion innibi!, b" jar!

Tl, is test was carricd out by a modification of Rosen's metllod (1960). Serial2 fold dilutioil
or antigens werc prepared in 0.4 inI of PBS and 0.1 inI of I per cent rbc was addecl. Cells \
settled at 37'C for 3 hours and lite HA titer \\. as expressed as the reci rocal of the h' h t d'I
whicll showed one or two plus agglutination. For Ihc Hl test, 0.2 in10f 2 fold serialI, diluted
was mixed with + units orHAninin 0.2 inI and the mixtures were incubated at 37'0 10 h .
0.1 inI of I per cent rbc was added and ttibes weie reincubated at 37'0 for 3 hours, Th h' h
serum dilutioiT showing coinplctc Inhibitioil or the aggluiinaiion was taken as the Hl tie I 11 .
serum
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RESULTS

Relation beltt!een Ihe Ih??e jinmt!it o10gic@I tes!$ in rel'a of panen!s
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The relation was examined using acute and convalescent sera obtained from
three patients. Results are listed in Figs. Ia, b and c. Serum titers are expressed
as the negative log, to the base 2, of the serum dilutions. As shown in the Figs. ,
Hl and NT antibodies appeared on the same day after the onset of the disease and
gave almost the same titers. However, the CF antibody appeared a little later in
one case and its titer was lower than those of the other two.

Coinpdri$011 between the Ihree jinm"nologica! IeJ!J ill $81'a of chi!dyei!

Sera were collected during a field trial of live vaccine from children under 5
years old who had neutralizing antibody to measles without evident history of this
illness. They were tested by the three jinmunological techniques and the Hl and
CF titers found are summarized in relation to the NT titers (Figs. 2a and b) . In
this case, less than half the specimens showed detectable CF antibodies thoug}T the
NT and Hl antibodies were closely related. The geometric mean value o1 the NT
antibody titers was 70. That of the Hl antibody titers was 6.2 and this was a
little lower than that of former. In most cases NT and Hl antibody titers were
approximately proportional, but in a few cases, the Hl antibody titers were re-
markably lower than the NT antibody titers. It is not certain whether these special
cases were valid observations or whether. they were caused by technical errors.
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CoinporiJon of Ihe Ihree jinmi!rinlogica1 18sls conh ad"!! human sei'a and umbilical cord $87'a

Twenty one sera obtained from human adults and 22 sera from cord bloods
were tested. The former were from people who had suffered from measles about
20 years ago.

All adult sera contained NT antibody though not at high level. These sera
were tested for their Hl titers after kaolin-monkey rbc treatment. The results are
listed in Tables I and 2, together with the results of the CF test. Although the
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NT and Hl titers were well correlated, CF antibodies were hardl detectable with
2 units of antigen. After kaolin treatment of sera, the Hl test was carried out at
serum dilutions of above I : 16 and sera having I : 16 or lesser NT antibodies often
did not inhibit hemagglutination.

The tests on cord sera gave similar results to those \\, ith adult human sera.

Table I. Relationship between Hl, NT and CF Antibody Titers in Human Adult Sera

Antibody Tilers*
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Name

Kilohoro

Odo

Shibulani

Sogo

Higoki

Kawomoio

Nokano

Sakai

Udo

Maisushiio

Ikeda

Kilogowa

Ueno

Bondo

Kilooka

Nozoki

Shimozoki

Koboyoshi

Yoshido

Hirose

Solo

Age

21

21

21

21

22

23

24

24

24

24

24

24

26

26

26

26

27

29

29

32

35

Hl

4

<4

4

6

4

4

4

<4

7

4

4

5

4

6

5

6

5

4

4

<4

<4

NT

4.5

3.75

5.25

5.5

3.75

3.0

5.5

3.67

5.5

4.25

4.5

4.5

4.25

Antibody liters ore expressed OS the reciprocal of log

Sei'o10gical re. $*on ref of tnniul!y Jeronegaii"e children to uriccin@/1011 runh labe allenun!ed ai? Mr

Specimens converted from seronegative to seropositive during the field trial
\\, ere selected for the comparison of the three serological tests. In this trials, three
live vaccines, the Edmonston strain, Suuiyama strain and Toyoshima strain were
employed with or without concomitant use of y-glol)unn. First these 6 groups
were treated separately, but no remarkable difference was observed between them
with regard to their distributions and in their aeometric mean titers. The results

were, next treated as two groups : namely with and \\, ithout y-globulin injection,
and the relations of the Hl titer and CF titer to the NT titer were plotted (Figs.
3a and b, 4a and b).

CF

<2

<2

2

<2

6

2

<2

<2

2

<2

2

<2

<2

<2

\2

2

2

<2

<2

<2

<2

*

5.25

4.5

4.25

475

4.0

4.5

3.75



Table 2

HI TEST OF A1EASLES r\\D ITS APPLICATION

Relationship between Hl, NT and CF Antibody Titers in Umbilical Cord Sera

An libody Titers*

NT
NG of Serum

<2<4

<22 4

<243

<2<44

25 5

<26 5

<23047

<24.58 5

<23.75<49

26.2510 6

24 4.511

\212 <4 3.75

213 4.754

<25.2514 5

<215 4 4.75

.216 6.06

317 3 4.5

218 4 754

I , 219 3.75

20 5 4.75 I -, 2

21 *:. 4 2.75 <'2

22 6 I 5.25 I 3

* Antibody liters ore expressed OS Ihe reciprocal of 1092

Hl

3.75

4.25

55

4.75

4.5

CF

51

10

9

8

7

26

L5

8'4

3

2

30. Hl-NT

,,

^

on .... . .
~ ............. ......

.:: . . ;:; . . ,.

12345678910 12345679810

Log= NT tiler Log: NT liter

Fig. 3. Comparison of Hl, CF and NT Antibody Levels after Live Vaccine Given
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10
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8

2:7

6
T
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8'4

40- Hl. NT

L
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12345678910

Logg NT titer

Fig. 4. Comparison of Hl, CF and NT Antibody Levels after Live Vaccine Given
with y. Globulin

No great difference was found between these two groups. Thus the geometric
mean titers of those inoculated with vaccine alone were 7.6 (NT), 8.1 (Hl) and
5.2 (CF), and thus, of inn, urnt, d recoin" and y-gl. bunn unre 7.1,7.6 and 4.9
respectively. The titers of NT and Hl antibodies again were well correlated.
Although most sera gave a positive CF reaction, the antibody titers were con-
siderably lower than those in the two other tests and a few specimens did not react
with 2 units of CF antigen.

Recogni/ion of Ihe 6003/8r great of nag attenuated men51eJ a@ccine

In the field trial, 40 cases had antibodies before vaccination. Thirty two of
these cases were found in vaccinated and 8 in placebo groups. Nine children out
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Table 3. Serologicol and Clincol Response in Seropositive Children One Month offer
VCccinolion with Live Measles Vaccine

Antibody

I pre-v. .. in. Ii. " I
c idren I CF I HI I NT

I G-304

I M. 2

2M. 6

2yrs. 2mos

13.2.
2. I.

4. 3.

4G-333 I. 9

4G. 042 I 5

5G. 241

7G-386 ' 4

4G. 133

4G-221 ^

4 I 3.33 <2

1<2I 54.5, <2<2 3 1.0 I <2 I

134,90' 71

<2

1<215
<27 ^ 75I

1317833j
^ <2 I

3. I <2

Titers*

* : Antibody liters ore expressed OS the reciprocal of 1092

Post-Vaccination

CF

1.0 I <2 I 6

6,331 2 7I 2

^ I
6

, :

5 I 6.33

' I ,, I

NT

maximum fever 37.2'C on 8th

and 9th days, little rash on face
8.0 no symptoms

3

7

21

<2 I

5.67 no symptoms
Iever jinoximum 38. 0'c
I I on 22nd dayi

Clinical symptoms

85 I no symptoms
8 I 933 ^ no symptoms

8 I 6-5 I 00 symptoms
8 7.5 I no symptoms

' I 9.33 I no symptoms



of the 32 sho\\, ed a serological response to vaccination \\, hereas none of the 8 placebo
cases did. Results of serolooical tests on paired sera from these cases are listed in
Table 3 tooether with brief notes on the clinical reactions. Seven cases showed

no clinical reaction and the remaining 2 exhibited only dubious clinical symptoms.
In these cases, seroloaical responses could be recognized I^, botlt the NT and Hl
tests, but rarely by the CF test.

HI TEST OF AtEASLES AND ITS APPLICATION

This report brings up nTany technical problems, since efforts \\, ere made to
solve dimculties in the application of measles serological tests. Techniques for
neutralization and complement fixation tests employed were adopted by the
Measles Vaccine Research Association of Japan from a rather. practical reasons.
For example, the neutralization end point was determined on the day when marked
cytopathic changes appeared in all 5 tubes inoculated with a 111 0 dose of the
virus used for neutralization, though the virus titer was determined by 14 days

DISCUSSION
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observation. To maintain the reproducibility and rapidity, of the test, I to 2 day
old FL cultures were employed. When old cultures were employed, not only was
the appearance of cytopathic changes greatly delayed, but accurate microscopic
tests were difficult. Changing the medium accelerated the appearance of cyto-
pathic changes and made observations easier. With regard to the CF test, dif-
ficulties in obtaining CF antigen of high titer forced us to adopt tests using 2 units
of antigens (Meyer at a1. , 1962). However, it \\, ould be better to use 4 units of CF
antiden since the sensitivity of the CF test increased considerably when 4 rather
than 2 units of antigen were used (Fig. 5).
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In our laboratory, the antigen was prepared from infected FL cultures after dis-
rupting the cells by sonication and it contained 8-32 units of CF antigen in 0.1
in I. This antigen was as specific as those prepared by ordinary methods (freezing
-thawing) and showed little or no anticomplemental activity. The first problem in
the Hl test arose when HAnin was employed. It was prepared from infected KB
cells by centrifugal concentration and T\\, een 80-ether treatment. In this procedu-
re, KB cells were used since more HAnin was produced in this culture than in FL
cultures and Tween 80-ether treatment was employed in order to disperse sedi-
merited HAnin and for partial purification. The HAnin titer was increased by
this treatment and the sensitivity of the Hl test also increased when this antigen
w^, empl. y, d (Northy, 1962; Fun^hachi and kithw^ki, 1963). Th. ,perm. ity of
this antigen had born ustobii^hed by Nor"by (1962) and by Fun^hachi and kitaw^ki
( 1963) . The second problem was with regard to the rbc used. Standard antigen
was distributed in tubes in about I in I aliquots and stored at -20'C. Monkey rbc
were tested by this antigen and selected for the Hl test. The storage conditions of
standard antigen was shown by NOTrby to be unsuitable for this antigen. These
conditions were employed here to maintain the sterility of the antigen during the
preparation and because under these conditions activity was retained for several
months. The third problem involved the treatment of the sera for. the Hl test.
Nonspecific inhibitor was removed by kaolin absorption and serum hemagglutinin
to monkey rbcs was TenToved by absorption with monkey rbcs. Nonspecific in-
hibitor was also removed by washing the preparation with cold acetone. For the
Hl test at dilutions of under I :16, this treatment was employed, combined with
absorption with packed monkey rbc. At higher serum concentrations used,
agglutinated rbc were sometimes sedimented, as if the agglutination was completely
inhibited. Although this apparent inhibition could be distio'nuished from real
inhibition by the patterns of the sedimented cells, the differentiation was readily
made it, hen cells were reshaken after the first reading and then resettled for 30-60

54

min.

The sensitivity and reliability of the Hl test was first tested with sera from
patients with acute measles and those in the convalescent stage. Hl antibody
appeared and increased in the same way as NT antibody. This close relation
suggests that the Hl test is suitable for routine tests or large scale trials and it
avoids the complexity and difficulties of the NT test for measles. The relation of
the Hl and NT tests was examined further with sera of subjects in different con-
ditions. Sera from children of under school age were tested in the same way as
samples from subjects who had had measles a few years previously. Unexpectedly
many sera which neutralized the virus showed a CF titer of less than I :4 the Hl
antibody titer was closely related to the NT antibody titer. This correlation was
examined with sera of human adults who had had measles 20-30 years previously
and with sera from umbilical cord sera. The CF test using 2 units of antigen is
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unsuitable for detection of measles antibody in these cases, b t th I t'
between the NT and Hl antibodies were again confirmed in the t t , f ' .

The Hl test was first applied to serunT in field trials on live . . a d
and carried out by the lv'Ieasles Vaccine Research Association in acc .d 'th
the WHO plan. Paired sera from children who were initi 11 , . - ,'
tested. A correlation between NT and Hl antibodies wer ' ' fi d.
The levels of NT antibodies were approximate I To ortion I, I t th f
responsible for the difference in the NTjHl ratio in various samples is unknown.
The CF testis regarded as reliable for tests on the ser f b' I h
valescent stage or those \\, ho have recently been vaccinated (Black, 1959 ; Bech,
1959). However, five initially sero-negative children had both NT and Hl anti-
I>odies after vaccination thoutrh the^ did not have CF antibod ,. Four of these
sera were obtained from children who were concomitantl in'ected with - lob 1111.
Such particular cases ITad not been observed in our laborator , and the rubht
possilily have been due to the effect of y-,'lobulin in'ection. The other case was
found in a group inoculated by the inhalation method. This case is most likel
explained by assuming that the serum contained as little as less than I :2 of antibod
before vaccination and that this affected the response to CF antibod . Trials were
conducted to compare vaccines developed in three different Ial>oratories (Okuno
at a/., 1960; Enders at o1. , 1960; Matsumoto at a/., 1962). The distribution of serum
titers on serologically converted sera on three antil)odies and the geometric mean
titers of each antibody did not differ greatly from eaclt other in these three vaccines.

Fourty children of the 344 tcsted had antibod IJefore vaccination thou h
they, had no evident history of measles. Thirty two of these were in the vaccinated
group and 8 \-vere in the placebo oroup. None of the placel)o on^oup showed anti-
body response, but 9 of the 32 vaccinated subjects showed a serolouical res onse to
vaccination. None of these children exhibited an^ remarkable clinical recation,
thouglL one of them had fever on the 22nd day after vaccinatioil and another had
a temperature of 37.0'-37.2'C on the 8th and 9th days after. infection. These cases
may be explained by the IJooster effect of vaccination like tlTose reco nized by
Stockes at a/. (1962) in natural measles and by I\Jatsumoto at at. (1962) after vac-
cination with attenuated virus. Such responses could be detected b the Hl test
as well as the NT test, but hardly ever by the CF test.

The authors are deeply indebted to PIOt. Gaino, Osaka Univ. for aid in obtainin s ccimens
\\!e also wish to thank Nilss Am ano, and Aliss Kobayashi UFOur laborato^ For' their technical assi Ia
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