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The effect of poliovirus on metabolic ac- 
tivity of cultures of human embryonic tissue 
was observed by Enders, et al. (1) who found 
that infected cultures were less active than 
uninoculated controls in regard to acid forma- 
tion. Later, they observed characteristic cyto- 
pathology in roller tube cultures and adopted 
this method for determination of the presence 
of virus since inhibition of acid formation was 
not always consistent ( 2 ) .  Salk, Youngner 
and Ward (3) developed a colorimetric test 
for assay of poliovirus and antibody in vitro 
using color change of phenol red as an indica- 
tion of presence of virus or antibody. The 
present report describes a similar color test 
for titration of influenza virus and antibody. 
This test offers certain advantages over the 
more cumbersome egg technics currently in 
use. 

&faterials and methods.  Media.  Lactalbu- 
min medium with 5% bovine serum was used 
for growing cells in 32 ounce prescription bot- 
tles and medium 199 without serum was em- 
ployed for virus titrations and neutralization 
tests. Optimum color contrast could be ob- 
tained after 7 days if undiluted 199 was used 
with 2.5 ml of 5% sodium bicarbonate solu- 
tion/100 ml of medium. Penicillin and strep- 
tomycin were added to concentration of 200 
units and 200 pglml, respectively. Cell sus- 
pensions were prepared from kidneys of nor- 
mal rhesus monkeys by methods previously 
described (4 j . Secondary cell suspension was 
prepared from bottle cultures by dispersing 
cells with 1 : 5000 sodium versenate and resus- 
pending them in medium 199 without serum 
to concentration of 280,000 cells/ml. T o  each 
Wassermann tube was added 0.25 ml of cell 
suspension, final volume brought to 0.75 ml 
with medium 199 and the fluids overlaid with 
0.5 ml of heavy mineral oil. Virus pools were 

* This investigation was carried out under sponsor- 
ship of Commission on Influenza of Armed Forces 
Epidemiological Board, and supported by Office of 
Surgeon General, Dept. of Army. 
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prepared in monkey kidney roller tube cul- 
tures and stored at  4°C for a period not ex- 
ceeding 2 weeks when they were replaced with 
fresh pools. Immune seya. Emulsified min- 
eral oil adjuvant vaccines were prepared using 
Arlacel A as emulsifying agent. Antigens con- 
sisted of monkey kidney tissue culture pools 
or allantoic fluid pools of types A, A', B, B', 
and Asian influenza viruses. Normal rhesus 
monkeys or White Leghorn chickens were in- 
oculated with adjuvant vaccines and were ex- 
sanguinated 6-8 weeks later following several 
additional aqueous vaccine inoculations. All 
sera were heated at  56°C for 30 minutes to 
destroy hea t-labile non-specific inhibitors. 
Monkey sera were also treated with 8 rng 
trypsin (Difco 1 : 2 SO) /ml of serum and 
chicken sera with 2 volumes 0.01 M potas- 
sium meta-periodate/volume of serum. 
Hemagglutination and liemagglutination-inlii- 
bition tests were performed according to 
standard methods ( 5 ) .  

Results.  Virus titrations. Serial 10-fold 
dilutions of virus were made in medium 199 
without serum and titrations performed as 
described elsewhere (3).  Eight to 10 repli- 
cate tubesldilution were used. Results of a 
typical titration are presented in Table I. 
In addition, virus titers were compared by 
color test and roller tube methods and, as ob- 
served in Table IT,  the mean color test titer 
was 0.56 logs lower than titers obtained in 
roller tubes. 

Antibody titrations. Serial 2-fold dilutions 
of serum were made and to each dilution an 
equal volume of virus suspension containing 
about 400 TCIDGo of virus/ml was added. 
The mixtures were incubated at room temper- 

TANLE I. Color Test Titrstioii of Influenza Virus 
Irifeetivj ty Strain 575 MK-11 (Type A'). 

Yirus dilution 10-1 lo* 10-6 1 0 - T  
fi core -* 8/8 8/8 8/8 8/93 GJ8 2/8 0/8 

Virus titer: TD,,/0.5 ml 

'E Xumeratos I No. of tubes infected (medium 
red). Denominator = No. of tubes inoculated. 
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ature for 30 minutes and 0.5 nil of each serun-  
viruq nni\ture was transferred to 3 or  4 repli- 
cate tub. Each tube then received 0.25 1111 

f 1 I r ev i o 11 ~ l j y  stand a r d i zed c el 1 $11 s 13 en i ( ) n . 
A4ppropriate controls were incorporated a i  dc- 
scribed previousl>-( 3 1.  In an occasional unin- 
fecterl tube. the pH did not fall to 6.6 or 6.S. 
However. it was observed iiiicroscopically that 
cultures having pH 7.4 or lower rarelj- tli+ 
pIayed cytopathology. These tubes were con- 
sidered negative ().elloit-) while tubes with pH 
higher than 7.4 were considered positive 
( r e d ) .  A repremitative antibody titration i <  
shon.11 in  Tahle 111. 

Irrtliic1irrc' o,i iiuti<g;lcx i-orir-c'riti*atioi? oi l  oiiti- 
bodjl titc'r. Scutralization tests were per- 
formed n-ith tissue culture and egg adapted 
strains in the color test and iM o110 by varying 
both serum and virus concentrations. Types 

TABLE 111. Color Test Titrntioii of I l ~ f l a ( ~ ~ ~ n : t  
Al1til)ody ('ontent of 1 l ~ l l ~ l l i I l ~  ~ ~ O l l k t ~ V  S(11 ; I .  

1 : 2 0  
1 :40 
1 : 8rl 
1 : l f i O  
1 : : ;? I1  

1 : t i40 
1 : 1280 
1 : 2560 

50 "/b iicutraliziiig 
units/0.25 nil 
seriiin 

* Numerator = No. of tubes infected (rnediuni 
red). Denomiliator z No. of tubcs inoculatcd. 

A'. and B' were tested and, as shown in 
Fig. 1. a straight line relation existed: a 2- 
fold change in antibody titer resulted from 
each 10-fold change in antigen concentration. 
Slopes of neutralization curves did not differ 
significantly with virus type or when neutra- 
lized mixtures were assayed in the color test or 
irz oi'o. The curves in  Fig. 1 are from com- 
bined data of egg and color test assays. 
Clarke and Tyrrell(6) assayed neutralized 
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and  H r t i trrs of period;lte treated hyperiniinulle 
~ l l l ~ l < ( ~ l l  b('l':i. 

mixtures of influenza virus and antibody in 
monkey kidney roller tube cultures and in em- 
bryonated eggs and found the slope for the 
neutralization curve in cell culture was essen- 
tially the same as reported here, I n  contrast, 
a less steep slope was reported using in ooo 
assays than we observed. 

Determination of antibody in immune 
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TAET,E IV. Specificity of Hyperimmune Monkey Serx Tested v i th  Homologous and Heterolo- 
gous Virus A4ntigeiis. 

s e ra  Virus strain 
An ti gen 

(inurrnnization) Swine PR8 A 575 A' Cup A' FJT-1 A' Wright A' 3 210 R' 

Pre-vacc ination 
Post-vaccination 

S w iii r 
PR8 A 
57.5 A' 

9 9  

> 9  

1210 E' 
9 9  

9 9  

0 

60 
0 
0 
0 
0 
0 
0 
0 

0 

0 
90 
15 
1 0  
15 
0 
0 
0 

0 

0 
0 

960 
60 
60 
0 
0 
0 

0 

0 
0 

1920 
30 
3 0 

0 
0 
0 

0 

0 
SO 

3 920 
480 
480 

1 0  
0 
0 

0 

0 
10  

1920 
30 
30 

0 
0 
0 

0 

0 
0 
0 
0 
0 

1920 
960 

1920 

All sera 11-ere heated at 56" f o r  30 min. and treated with 8 mg trypsin/nil seruni. Serum 
antibody t j  ters  of all pre-vaccination sera were less than 1 : 10, lowest dilution tested. Values 
shown &PO 5070 neutralizing doses/0.5 nil. 

TABLE V. Color Test Titratioiis of Human Acute tliid Convalescent Sera Using Different 
Types of Influenza Virus :IS Antigens. 

r L 1rus Stralll------ __7 

Patielit Bleeding Swine P R 8  A 575 a' Cup ,4' FX-l A' Wright A' 1216 B' 

E 1s Acute 0 260 0 0 00 60 160 
Conval." 0 480 0 120 480 480 240 

Sclr A 0 260 0 0 80 480 960 
C 80 480 0 120 480 960 960 

Swt A 120 0 0 0 0 40 210 
C 480 120 0 120 45 0 750 240 

TTTei A 0 120 0 0 80 60 0 
C 0 480 60 480 480 2980 0 

War  A 0 60 0 0 n 0 60 
C 0 480 0 0 0 40 60 

2 )  

9 ,  

3 9  

2 )  

9 9  

* Coindescent. 
Sera were heated at 56" for 30 iiiin. and treated n-ith 8 iirg trypsin/iiil serum. Lowest dilu- 

tion tested was 1 :40 and values shown are 50yo neutralizing tloses/0.5 id. 

ntonkcy sera. Cross neutralizations were per- 
formed with immune monkey sera using types 
A: A'. B' and Swine as virus antigens. All 
pre-vaccination sera were free of neutralizing 
activity (Table 1 1 7 ) .  With immune sera, sig- 
nificant levels of clearly type specific antibody 
were obtained with the exception of some in- 
hibition of PR8 virus with the A' sera. 

Determivat ion of antibody in human seya. 
Acute and convalescent serat from patients 
with clinically diagnosed influenza were tested 
with 4 types of virus to detect any significant 
increases in antibody level. Convalescent 
sera were obtained 2 weeks after the acute 
phase bleeding. Four-fold or greater rises in 

t Kindly supplied by Elva Minuse, \+us Labora- 
tory, School of Public Health, University of Michi- 
gan. 

antibody titers were found with A' virus anti- 
gens and especially with strains FM-.I and 
IVright (Table 17).  The response of Patient 
Har was significant with type A virus. Since 
the initial dilution of serum in these titrations 
was 1 : 40, the apparent increases of some titers 
may not be significant. 

H€ma~~llRlutination-inhibitio~ and color tes t  
ant ibody determinations with i.mnzzrne chicken 
s u a .  Cross neutralizations were performed 
using 5 type antigens and 4 periodate treated 
immune sera. Both HI and color tests were 
done with the same virus pools and the same 
series of serum dilutions. Antibody levels 
found with both methods were type specific 
and were increased with homologous type an- 
tigens (Table VI)  . The mean antibody titer 
by the color test method using homologous 
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TABLE VI. Comparison of' Color Test :~nd  HZ Titratioiis of H~periminunc~ Chicken Sera  Using 
Honiologou:: 1 nfluenza Virus Antigens. 

AlItlscrn: 
PRY T'R 3 0 1 Form osa GL 1739 

Virus CT' H l  t C'T 1x1 CT HI CT HI 

* S o .  of ND,,/O.,j nil. t Reciproc;il of highest dilution slioiriiig inhibition. $ Heated  
at 56" f o r  30 iniii., trcntccl v-itli 0.01 ;1i lmta41111i periodate. 

viruses and sera was 16.552 50% neutraliza- 
tion doses 0.5 ml while mean heterologous ti- 
ter was 16 XI>,,, 0.5 ml. The  mean homolo- 
gous 131 titer was 2368 compared to 12 for the 
heterologous titer. A plot of the titers is 
shown in Fig. 2 with regression line deter- 
mined by method of least squares. The  sig- 
nificance of linearity of regression was tested 
by means of analysis of variance. I t  was 
concluded that a t  the 0.10% confidence level 
there is a significant linear relationship over 
and abo\7e any curvilinear factors. 

Conclusions. ,4s with poliovirus, color test 
titrations of influenza virus and antibody rep- 
resent an efficient, economic and accurate re- 
search tool which could be of great LTalue in  
large scale epidemiological surveys and in de- 
tailed antigenic analyses of influenza virus 
strains. Economy of method can be demon- 
strated for about 18,000 11-assermann tube cul- 
tures, using secondary cells, can be prepared 
from kidneys of one 5 lb  rhesus monkey. The 
methods currently employed for quantitative 
neutralization of influenza viruses are often 
time-consuming and cumbersome whereas the 
color test is unique in its simplicity and adap- 
tability. The  data presented also demonstratv 
high degree of serum specificity associatetl 
with this method and indicate that sensitivit!. 

of color test for detection of unneutralized vi- 
rus is comparable to that observed in uvo. 

1. A tissue culture color test 
has been developed for titration of influenza 
virus and antibody using secondary monkey 
kidney cell cultures. 2. Virus titrations with 
the color test are comparable in accuracy with 
those done in roller tube cultures, mean titer 
being 0.56 logs lower in the color test. 3. 
Antibody content of immune sera (animal or 
human) can readily be determined and slopes 
of neutralization curves determined by color 
test are comparable to those found in o m .  4. 
Color test neutralization titers and HI titers of 
the same sera show a significant association. 
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