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OOMPARISON OF MICRO NElTI'RALIZATION TEST 

WITH HEMADSORPTION-INHIBITION TEST, AND 

IHHUNOFLUORESCENCE TECHNIQUE FOR 

DETECTING MUHPS ANTIBODIES 

Roustai , M.H.* 

ABSTRACT. The microneutralization test was successfu-
lly adapted to the detection and titration of mumps virus 
antibodies in human sera. A total of 913 serum samples 
obtained from the students of south of Tehran were tes
ted • Six hundred and fourteen (67.3%) sera were found 
to be positive with titers from t~ to ~32' In another 
attemp 149 sera collected from male student, in year 
1986, were tested. The results of this test were OUlpmred 

with those of hemadsorption-inhibition test an indirect 
immunofluorescent technique. There was not a good cor
relation between the results of the three techniques. 
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VIRUS/HEMADSORPTION REACTION 
INTRODUCTION 

The virus of mumps was isolated in 1934 by Johnson 
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and Goodpasture from 4 of 6 specimens of saliva from pa

tients with epidemic parotitis (1). It may be propagated 

in vitro in several cell cultures. The virus belongs to 

the paramyxoviruses and agglutinates red blood cells of 

fowl, man, guineapig and other species. 

Various tests are available for the detection ofp~ 

vious mumps infection, through which the attempt is made 

to determine an individual's state of immunity to mumps. 

This assessment of immunity is desirable because of re

lative frequency of adult mumps, and the occurrence of 

such complications as meningoencephalitis, pancreatitis, 

and orchitis. Tests have been evaluated by the extent to 

which they are correlated with history of mumps, with 

individual susceptibility as measured by subsequent in

fection, and with one another (2). 

Microneutralization test for determination and mea

suring mumps antibodies was developed by Kenny et al.(3) 

and has been used extensively. Cells infected with mumps 

virus can adsorb RBC from different species and this re

action may be inhibited by application of anti - mumps 

serum. (4) 

The indirect immunofluorescence technique was 

successfully adapted to the detection and titration 

also 

of 

mumps virus antibodies in human Sera (5). The most impor

tant function of a test is to distinguish between indivi

duals who are truly susceptible and those who are immune 

as a result of inapparent or forgotten infections, among 

persons, who give no history of mumps. Previous studie~ 

demonstrate that the neutrlization test is the one best 

correlated with history (2). In this paper the correla -

tion of the results of hemadsorption inhibition test 
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(HADI) ,and indirect immunofluorescence techniques was 

examined with those of microneutralization test. 

HATERIALS AND HETHODS 

Sera. Serum samples were obtained from 501 and 412school 

girls and boys respectively. The students were seven to 

twenty years old and studied at primay, intermediate,and 

high schools located in south of Tehran. These sera were 

used for micro neutralization test (MNT). In addition 149 

sera were collected from daughter students, aged 16-20 

years, and used for comparison of the tests. AlI serum 

samples were inactivated and stored at -20 o C until tes

ted. 

Cell cultures . Hela and Vero cells were used for micro

neutralization test and fluorescent antigen preparation 

respectively. 

A 75 am2 corning culture flask of Hela cells was ob

tained from the division of virology, Pasteur institute 

of Iran.The cells were grown in Eagle's minimum essential 

medium (MEM) supplemented with 10 per cent inactivated 

fetal bovine serum (FBS), 100~g/ml of streptomycin, 100 

units/ml of penicillin, 50 ~g/ml of kanamycin, and 5 

~g/ml of fungizone. The FBS was reduced to 2 per cent in 

the maintenance medium. The vero cell line of African 

green monkey kidney cells was maintained by weekly pas

sage, using Dulbecco's medium supplemented with 5 percent 

inactivated FBS, 100 ~g/ml of streptomycin, 100 units/ 

ml of penicillin, 50~g/ml of kanamycin,and 5 ;Ug/ml of 

fungizone. Cells were grown in Corning 25 cm 2 cell cul

ture flask. As cell growth approached a nearly confluent 
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monolayer, the growth medium was replaced with the medium 

containing 2% FBS. 

Virus. Attenuated mumps virus strain, Hoshino, received 

from Razi Institute was used for MNT, preparation of flu

orescent antigen, and mumps specific antiserum. 

Preparation of rabbit antiserum against mumps virus.Spe

cific antiserum was prepared by inoculation of two heal

th~ rabbits, using the mumps virus. The test animaIs as 

weIl as a control were first bled. 2.5 ml of the virus 

suspension, with the titer of 103. 6;0.025 ml in micro 

test, was them inoculated via the marginal vein of the 

ear and an additiona1 dose intramuscularly for each test 

rabbit. 

Second inoculations were given seven days later.The 

control rabbit was inoculated with growth medium. AlI 

animaIs were bled From the heart on 14th and 21 rst days 

after first inoculation. Blood samples were allowed to 

clot at room temperature. After breaking up the clot and 

freeing it From the vessel wall, the entire specimens 

were refrigerated overnight at 4°C. The samples were then 

centrifuged at 2000 r.D.m. for 15 minutes at 4°C., and 

the supernatant antiserum removed (6). 

Each serum was mixed with equal volume of Hela cell 

suspension containing 3 x 105 cells/ml, and left at 4°C 

overnight. The sera were then separated by centriugation, 

and stored at -20°C until tested. 

Microneutralization test with specific and control sera. 

This was perform ed in sterile 96 - weil (C ostar, Cam bridge, M ass) 

plates with flat botto ms, perfilled with 0.025 ml of the growth 

m ediu m. For each sa m pIe to be tested, 0.025 ml heat-inactivated 

(56°C.30 min) serum wasadded toan edge will witha 0.025 ml 
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diluting the serum from 1/2 ta 1/128 . 

Thus, with one instrument bath addition and dilution 

of the serum could be accomplished. For each serum, three 

parallel rows of dilutions were made. The third row was 

used for serum toxici ty control. Consequently 4 sera were 

tested in one plate (1,2). Each weIl of the first two 

serum dilution series then received an equal volume(0.025 

ml) of challenge virus diluted in growth medium ta give 

approximately 100 median tissue dulture infective doses 

in 0.025 ml at 6 days. Each weIl of the remaining serum 

dilution series received 0.025 ml of growth medium and 

served as the serum control 

Another plate was used for the remaining sera, in

cluding a commercial antiserum against mumps virus. In 

the third plate, a virus titration of four paralel rows 

of dilutions from 1/1 ta 1/16384 and two rows of unifec

ted cells were included. After an incubation period of 

1 hours at 37°C each weIl of the test received 0.1 ml of 

Hela cell suspension in growth medium adjusted ta contain 

2 x 105 viable cells per ml. Each plate was then sealed 

perfectly and incubated at 37°C. The tests were read at 

6 days for CPE by using an inverted microscope, and then 

0.025 ml fa a 0.5% guinea pig erythrocyte suspension in 

PBS was added ta each weIl and allowed ta adsorb at room 

temperature for 5-10 minutes followed by washing withPBS 

for two times. The plates were then observed microscopi

cally for presence or absence of hemadsorption. The neu

tralizing antibody titer of each serum was calculated by 

the Spearman karber method. 

Microneutralization test with the serum samples. The 

above mentioned method was used for measuring the mumps 
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antibodies in the sera. 

Hemadsorption - inhibition test (HAOI) . Monolayer cul

tures of Hela cells in the 96-well plates were infected 

with 100 TCI050 of mumps virus in 0.025 ml. Five days 

later, the cultures were used for the test. Uninfected 

cultures were used as controls. The media were removed 

from aIl cultures and the cell sheets were washed once 

with normal saline. A 0.025 ml portion of the serum to 

be tested was added to each infected culture. Control cul-

tures received normal serum and rabbit hyperimmune serum 

with titer of 1/32 respectively. After incubation at room 

temperature for 30 minutes, 0.025 32 ml of a 0.5% guinea 

pig erythrocyte suspension in normal saline was added to 

each weIl and allowed to adsorb at room temperature for 

5 minutes followed by washing with normal saline. The 

plates were inspected for hemadsorption microscopically. 

Indirect immunofluorescence (IIF). One 25 cm 2 Corning 

culture flask of the vero cells was inoculated with one 

ml of virus suspension containing 100 TCI050 per 0.025 

ml. One culture was also used for control cells and in

oculated with maintenance medium. After 7 days of incu -

bat ion when 70% of inoculated cells showed CPE, the 

control and infected cells were collected separately. On 

each slide were made 10 circles in two rows. The upper 

row was used for the infected cells and the lower row for 

control ones. Smears of the cells were made on the sliœs, 

fixed in acetone and pre seved at -20°C until used as 

antigen. The smears of each slide were covered with the 

serum dilutions to be tested. After 30 minutes at room 

remperature, the slides were washed three times with PBS 

at PH 7.2 and incubated for an additional 30 minutes with 
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an appropriate dilution of fluorescein-labeled antiserum. 

The slides were washed again three times, covered with 

90% glycerine and examined under fluorescent microscope. 

RESULTS 

Table 1 showes the composition of study population 

by sex, and age. The age of students ranged from 7 to 20 

years. The geometric mean antibody titers of mumps neut

ralizing antibodies obtained from MNT are given in Table 

2. As are showen in this table among 913 serum sampI es 

tested 299 (32. 7~~) had no neutralizing antibodies against 

the virus and 614 (67.3%) were found to be positive,with 

titers from 1/2 to 1/32 . The percentage of sampI es ha

ving neutralizing antibodies varied from 78.5 for age 13 

to 59.2 for age 7. However, the presence of mumps neut

ralizing antibodies, was in general similar in bath sexes. 

The percentage of positive sera obtained from girls and 

boys was 67.7 and 66.7 respectively. 

The highest percent age of positive sera(7~~)obtained 

from females was recorded for age 13, and the lowest per

cent age of positive ones (50%) was recorded for age gITUP 

18-20 . In order to investigate the above result more 

accurately, 67 serum samples from dughter student aged 

16-17 and 58 sera from age group of 18-20, collected two 

years before starting this study, were tested separately. 

The results showed taht 69.5% and 75% of the sera were 

positi ve respecti vely. As far as the sera fran males were 

concerned the lowest positive percentage (48.6%) was 

recorded for age 16 and the highest positive percentage 

(77.8%) obtained from age 13. The geometic me an antibody 
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titers (GMT) were lowest among students of 16 years old 

in both sexes. The highest G.M.T. were 6.3 and 11.7 for 

17 years old female and 7 years old male respectively 

However, as are indicated in table 2, it was the same in 

both total populations. 

Table 1. Distribution of study population by sex and 

age. 

Sex Female Male Total 
0 
.()) ., 

Age 0-
c>- Number Percent Number Percent Number Percent 

7 34 6.7 15 3.6 49 5.3 

8 77 15.3 20 4.8 97 10.6 

9 89 17.7 24 5.8 113 12.4 

10 61 12.1 38 9.2 99 10.8 

11 41 8.1 39 9.4 80 8.7 

12 36 7.1 41 9.9 77 8.4 

13 38 7.5 27 6.5 65 7.1 

14 34 6.7 56 13.5 90 9.8 

15 26 5.1 32 7.7 58 6.3 

16 25 4.9 35 8.4 60 7 

17 22 4.3 37 8.9 59 7 

18-20 18 3.6 48 11.7 66 7.2 

Total 501 100 412 100 913 100 
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Table 2. Results of HNT for mumps neutralizing antibodies by sex and age. 
-

~ 
Female Male Total 

(0_ 15 Age -o...) 
Tested Positive test GMT Tested Positive test GNT Tested Positive test -'C'~ -./ 

(years) /'--' ( No . ) ( No . ) ( ~6 ) ( No . ) ( No. ) ( % ) (No. ) (No. ) ( ~6) 

7 34 18 53 5.0 15 11 73.3 11 . 7 49 29 59.2 

8 77 47 61.1 5.8 20 13 65 9.0 97 60 61.8 

9 89 58 65.2 5.3 24 17 71 5.4 113 75 66.4 

10 61 40 65.6 4.8 38 24 63 5.7 99 64 65.0 

11 41 29 70.8 5.9 39 25 64 3.5 80 54 67.5 

12 36 26 72.2 3.9 41 30 73 ~.189 77 56 73.0 

13 38 30 79 4.0 27 21 78 4.134 65 51 78.5 

14 34 27 79.2 3.8 56 39 70 4.5 90 66 73.3 

15 26 19 73 3.9 32 18 56 5.0 58 37 64.0 

16 25 19 76 3.2 35 17 49 3.4 60 36 60.0 

17 22 17 77 .2 6.3 37 25 68 4.8 59 42 71.2 

18-20 18 9 50 4.0 48 35 73 4.5 66 44 66.7 

Total 501 339 67.7 4.8 412 275 66.7 4.8 913 614 67.3 

GNT 

6.94 

6.4 

5.6 

5.0 

4.6 

4.0 

4.0 

4.2 

4.6 

3.3 

5.3 

4.4 

4.8 

1 
~ 
~ 

1 



Comparison of MNT and HAdI for screening of antibodiesto 

mumps virus. Serum samples (149)were tested in MNT and 

HAdI for antibodies to mumps. The results are shown in 

Table 3. In 79 cases antibodies were detected by both 

methods; i,e., neutralizing antibody titers of 2 or more 

and inhibition of RBC adsorption to inoculated cells were 

demonstrable. Twenty-six samples were negative in both 

tests. Seven serum sampI es inhibited adsorption of RBC 

to the cells but were negative in MNT. Finally, of 37 

serum samples with neutralizing antibody titers of 2 or 

more, aIl were negative in HAdI. 

Table 3. Results of MNT and HAdI tests for detection of 

antibodies to mumps virus. 

~ MNT Positive Negative Total 

Positive 79 37 116 

Negative 7 26 33 

Total 86 63 149 

Comparison of MNT an IIF for screening of antibodies to 

mumps virus. Seventy-seven sera were tested in MNT an 

IIF for antibodies to mumps. The results are shown in 

Table 4. In 48 cases antibodies were detected by both 

methods. Five cases were negative in both tests. Four 

sera were positive in IIF and negative in MNT . Finally, 

none of 20 serum samples with neutralizing antibody ti

ter of 2 or more was positive in IIF. 
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Table 4. Results of MNT and IIF method for detection of 

antibodies to mumps virus. 

~ Positive Negative Total 
MNT 

Positive 48 20 68 

Negative 4 5 9 

Total 52 25 77 

DISCUSSION 

The causative agent of mumps is present through out 

the world , and most people ultimately become infected by 

the time they are young. Approximately a third of the 

cases, particularly in infants or children, are asympto

matie (1). Postpubescent children and adults tend to have 

more overt, clinically apparant multiple organ involve -

ment (8). As far as the presence of the disease in Iran 

is concerned rise in the neutralizing antibodies to ~ 

was first demonstrated in sera of two patients with pac-

reatitis in 1973 (9). The virus was isolated form a 

patient's saliva 5 years later (10). 

Following infection with the virus, CF,neutralizing, 

and HI antibodies are formed. Neutralizing antibodies ap

pear several weeks following infection and persist for 

long time albeit at low levels. The neutralizing antibo

dies correlate best with immune status, and the serum 

neutralization test has been claimed to be one of the rrost 

sensitive tpd measuring mumps antilxx:ües(11,12,13,14) . 
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In this study microneutralization test was applied 

for measuting mumps antibodies in the sera of 913 students 

from south of Tehran. If titer of t or greater confers 

some definite immunity (7,15) "67.3% of students tested 

were immune. Because there was no available data on vac

cination status of the students against mumps it was not 

possible ta say if the antibodies were created in res

panse ta natural infection or immunization. It is necessary 

ta do further clinical, epidemiological, and sero-epide

miological surveys inorder ta determine the patterns of 

susceptibility and immunity within a community. 

Since neutralization tests are generally satisfactory 

for determining the immune status and are not considered 

ta be practical as a routine diagnostic procedure, hema

dsorption-inhibition test and the indirect fluorescent 

antibody technique were used ta detect the mumps antibo

dies in this study. Bath tests showed less sensitivity 

and had lower specificity, comparing with MNT.One reason 

for the lower susceptibility of the HAdI can be attribu

ted ta the presence of share antigenic components bet~ 

mumps virus and parainfluenza viruses(16). As a result 

of this antigenic relationship antibodies against para -

influenza viruses may react with mumps antigen. As far as 

IIF is concerned, Brown, et al. used this method for de

tection of mumps antibodies in human sera at the time of 

onset. These antibodies persisted unchanged for at least 

three months and then reduced (5). It is suggested that 

at the time of taking blood samples for this study the 

above antibodies had reached ta a nondetectable level in 

some cases. And it might be the reason for the lower sus

ceptibility of the test. On the other hand low specificity 
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of the test could conceivably represent cross-reactions 

between parainfluenza virus antibodies and mumps 

gens (5). 

Acknowledgement 

anti-

1 should like to thank Dr.R.Nategh, faculty of hea

Ith , Tehran university of medical sciences, for her 

helpful advice and support and Hrs. Tabatabaee, for her 

continouous help. 

REFERENCES 

1- Johnson,C.D., and E.W. Goodpasture. 1934. An investi

gation of the etiology of mumps. J. Exp. Med. 59:1-19. 

2- Vicens, C.N. et al. 1966. Evaluation of tests for the 

measurment of previous mumps infection and analysis of 

mumps experience by blood group. Am. J. of Epid. Vol. 

84 , No.2. 

3- Kenny,M.T. et al. 1970. Microneutralization test for 

the determination of mumps antibody in vero cells.App. 

Mie., Sept. P.371-373. 

4- Henle, W., E.H.Lennette, and N.H.Schmidt (ed.). 1969. 

Mumps virus. In diagnostic procedures for viral and 

rickettsial infections, ch.13. American Public Health 

Association, Inc., New york. 

5- Brown, G.C., et al. 1970. Developemtn and duration of 

mumps fluorescent antibodies in various immunoglœulin 

fractions of human serum. The Jouranl of Immunology, 

Vol.104, No.1. P.86-94. 

6- Hoskins,J.M.(ed.) 1967. Virological procedures.London, 

-99-



Butter worths. 

7- Lener, A.M. 1970. Guide to immunization against mumps. 

The Journal of Inf. Dis.,Vol.122, Nos.1 & 2.116-121. 

8- Belshe, R.B. (ed.) 1984. Mumps virus. In test book 

of human virology, ch. 12 PSG Publishing Company 

Massachusette. 

9- Naficy, K., Nategh,R., and Ghadimi H.1973. Mumps pan

creatitis without parotitis. British Medical Journal 

March. 529-30. 

10- Kiai,F.M. 1978. Acta Medica Iranica. Vol.XXI. P.129-

140. 

11- Buynak,E.B., et al. 1967. Comparison of neutraliza -

tion and hemagglutination inhibition techniques for 

measuring mumps antibody. P.S.E.B., V.125. 

12- Ebrengut,W. et al. 1983. The reactogenicity and im

munogenicity of the urabe Am 9 live mumps vaccine ~ 

persistençe of vaccine induced antibodies in healthy 

young children. J. of Bio. Stan. 11, 105-113. 

13- Grillner,L., and Blomberg J. 1976. Hemolysis-in-gel 

and neutralization tests for determination of anti

bodies to mumps virus. J. of Clin.Mic. July,P.11-15. 

14- Christenson, B., and Bottiger. 1985. Vaccination aga

inst measles, mumps and rubella (MMR): A comparison 

between the antibody responses at the ages of 18 mo

nths and 12 years and between different methods of 

antibody titration. Journal of Bio. Stan. 13,167-172. 

15- Evans,A.S. (ed.) 1983. Mumps In viral infections of 

humans, Plenum Medical Book Company, New york and 

London. 

16- Lennette,E.H. et al. 1963. Serologie responses to 

parainfluenza viruses in patients with mumps virus 

infection J. Lab. and Clin. Med. Volume 61,Number 5. 

-100-


