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Biological Characteristics of Influenza Virus Strains
Isolated at the Government of India Influenza Centre,

Coonoor, during 1950-60*

N. VEERARAGHAVAN, M.B.,B.S., D.Sc.' & M. W. KIRTIKAR, M.Sc.2

The isolation of influenza virus strains of different types from the same or closely
adjacent localities in the Nilgiris district of India in 1959-60 led the authors to investigate
the biological characteristics of those strains and to compare them with strains isolated in
previous years at the Government ofIndia Influenza Centre at Coonoor. The haemagglutina-
tion with erythrocytes ofdifferent animal species, the sensitivity to inhibitors in normal sera,
the effect ofheat and the effect of ether are reported on in this paper.

INTRODUCTION

The influenza virus isolations at the Government
of India Influenza Centre at Coonoor during the
years 1950-60 have been reported by Veeraraghavan.3
As stated therein, intensive studies have been in
progress since 1959 to determine the types of
influenza viruses prevalent in the Nilgiris district
throughout the year. Thirty-five strains of virus
(23 of type A2, 10 of type B and 2 of type C) were
isolated during 1959 and 21 strains (20 of type A2
and 1 of type B) in 1960. The occurrence of the
different types of strains in the same or nearby
localities at short intervals led us to investigate the
biological characteristics of these strains and to
compare them with representative strains isolated
earlier at the Centre.
The biological properties studied were (a) reaction

to erythrocytes from different species of animals,
(b) sensitivity to inhibitors present in normal sera,
(c) effect of heat, and (d) effect of ether.
The results of these investigations are summarized

below.

* This work was carried out with the financial assist-
ance of the Government of India.

1 Director, Pasteur Institute of Southern India, Coonoor;
and Observer, Government of India Influenza Centre,
Coonoor, India.

' Research Assistant, Pasteur Institute of Southern India,
Coonoor, India.

3 See the article on page 679 of this issue.

MATERIALS AND METHODS

Virus strains
The strains of influenza virus used and their

antigenic relationship to the standard strains are
given in Table 1. The standard strains used in this
study are also given in Table 1.

Virus material
Eggs were inoculated allantoically with 0.25 ml of

a 10-2 dilution of the virus in nutrient broth con-
taining penicillin and streptomycin and harvested
after 42 hours' incubation at 35°-36°C and subse-
quent chilling. Clear allantoic fluid was collected.
All material was stored at -20°C.

Except in the case of the standard strains, the
second to fourth egg passage levels of the viruses
were, as a rule, used in this study.

Haemagglutination (HA) test
The method employed was the same as that

described by Veeraraghavan elsewhere in this issue.3

Haemagglutination-inhibition (HAI) test
Sera collected from different species of animals

were tested against the virus strains as follows:
(a) untreated, (b) de-activated at 56°C for 30 minutes,
and (c) treated with potassium periodate. Twofold
dilutions of the treated and untreated sera were used
in the test.
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TABLE I
INFLUENZA VIRUS STRAINS STUDIED

Virus Antigenically related to

Coonoor Isolations

Al/Coonoor/1/50 Al/Liverpool/50
Al/Coonoor/6/51 of

Al/Coonoor/2/52 Uniquea

Al/Coonoor/3/52 Al/Liverpool/50
A1/Coonoor/2/53 is

Al/Coonoor/7/54 of

Al/Coonoor/1/55 A1/Eire/55

Al/Coonoor/11/56 AI/Ned/56
Al/Coonoor/1/57

A2/Coonoor/15/57 A2/Asia/57
A2/Coonoor/24/57 to

A2/Coonoor/6/58 of

A2/Coonoor/12/58 to

A2/Coonoor/2/59 to

A2/Coonoor/3/59 to

A2/Coonoor/5/59 to

A2/Coonoor/7/59 of

A2/Coonoor/18/59 to

A2/Coonoor/19/59 is

A2/Coonoor/23/59 to

A2/Coonoor/28/59 to

A2/Coonoor/4/60 it

B/Coonoor/1/51 B/Crawley/46
B/Coonoor/2/511 i

B/Coonoor/2/59 It

B/Coonoor/15/59
B/Coonoor/20/59
B/Coonoor/26/59
B/Coonoor/29/59
B/Coonoor/5/60

Standard strains

PR8
Liverpool
PAR
WIC
Lee
Sendai

a Characterized as unique by World Influenza Centre, London.

The HAI test was carried out according to the
method described by Veeraraghavan elsewhere in
this issue.1

Action of heat
This was determined by heating 5-mi quantities of

the infected fluid at 56°C for 30 minutes. The

I See the article on page 679 of this issue.

haemagglutination titres of the virus before and
after heating were determined against 0.5% fowl and
guinea-pig red blood cell suspensions.

Action of ether
The method described by Andrewes & Horstmann

(1949) was followed. Infected allantoic fluid in
2-ml quantities was mixed with 0.4 ml of ethyl ether.
The mixture was put in small screw-capped bottles
sealed with adhesive tape and kept at 4°C overnight.
The ether was allowed to evaporate by keeping the
mixture in an open Petri dish at room temperature
for 10 minutes. The haemagglutination titre of the
virus before and after ether treatment was determined
against 0.5% fowl and guinea-pig red blood cell
suspensions.

RESULTS

Haemagglutination with erythrocytes from different
animal species
The results obtained with 30 strains of virus are

presented in Table 2. These can be summarized as
follows.
One of the strains (Al/Coonoor/2/52), isolated in

1952 and characterized as unique by the World
Influenza Centre, was found to agglutinate all the
erythrocytes tested.

Sheep erythrocytes were agglutinated by the A2
isolates of 1957 and 1958, while there was little or no
agglutination with the 1950 to 1956 Al strains. An
interesting observation was that most of the A2
strains isolated during 1959 and 1960 also did not
agglutinate sheep cells, thus differing from the 1957
and 1958 A2 isolates. With the exception of the
strains Lee, B/Coonoor/l/51 and B/Coonoor/15/59
all the type B strains agglutinated sheep red cells.
Monkey erythrocytes were agglutinated by all

the strains tested.
All the A2 strains isolated since 1957 except

A2/Coonoor/7/59 and A2/Coonoor/18/59 aggluti-
nated horse cells, a property not shared by the earlier
Al isolates.
An interesting observation was that when red cells

from horses immunized against rabies were used
there was no agglutination with the A2 strains tested
with the exception of PAR, WIC, A2/Coonoor/15/57
and A2/Coonoor/28/59. All the B isolates, on the
other hand, excepting B/Coonoor/l/51, agglutinated
the erythrocytes of normal horses as well as of those
immunized against rabies.
The standard type B influenza virus strain and all

the type B strains with the exception of B/Coonoor/
1/51 gave specific agglutination with cow and calf
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TABLE 2
HAEMAGGLUTINATION TITRES OF SOME INFLUENZA VIRUS STRAINS WITH DIFFERENT ANIMAL ERYTHROCYTES

HA titres with cells of:

sFowl Guinea-pig Sheep Monkey Horse 2 b Calf Cow

Al/Coonoor/1/50 64 256 32 128 ... ...

Al/Coonoor/6/51 16 64 ... 256 ... ... ... ...

Al/Coonoor/2/52 64 128 128 256 64 64 8 8

Al/Coonoor/3/52 8 32 2 128 ... ... ... ...

A 1/Coonoor/2/53 2 16 2 8 ... ...

Al/Coonoor/7/54 2 16 2 8 ... ...

A1/Coonoor/l/55 16 64 2 64 ... ... ... ...

A1/Coonoor/11/56 128 256 ... 256 ... ... ... ...

Al/Coonoor/l/57 8 32 2 16 ... ... ... ...

A2/Coonoor/15/57 128 256 128 256 64 64 ... ...

A2/Coonoor/24/57 128 256 128 256 64 ... ... ...

A2/Coonoor/6/58 128 128 64 128 64 ...

A2/Coonoor/12/58 128 256 16 256 64 ... ... ...

A2/Coonoor/2/59 32 64 8 64 32 ...

A2/Coonoor/3/59 64 256 8 128 64 ... ... ...

A2/Coonoor/5/59 32 64 2 64 32 ... ... ...

A2/Coonoor/7/59 64 128 2 64 ... ... ... ...

A2/Coonoor/18/59 16 128 2 64 ...

A2/Coonoorl19/59 128 64 32 64 64 |||

A2/Coonoor/23/59 32 64 8 128 16 ...

A2/Coonoor/28/59 128 512 64 256 128 8

A2/Coonoor/4/60 128 128 64 128 32 ... ... ...

B/Coonoor/1/51 16 16 ... 16 ... ... ...

B/Coonoor/2/51 64 64 128 32 64 64 32 32

B/Coonoor/2/59 64 64 64 64 64 64 64 64

B/Coonoor/15/59 16 16 2 16 16 16 16 8

B/Coonoor/20/59 256 128 128 128 128 128 64 64

B/Coonoor/26/59 256 128 8 128 256 256 256 256

B/Coonoor/29/59 256 128 128 128 128 64 64 64

B/Coonoor/5/60 128 128 32 64 64 64 16 16

PR8 64 128 ... 128 ... ... ... ...

Liverpool 16 32 32 32 ... ... ...

PAR 128 512 8 256 128 128 ... ...

WIC 32 64 64 64 16 16 ... ...

Lee 64 64 ... 64 32 32 32 32

Sendai 64 256 ... 128 ... ... ...

... = No agglutination.
a Horse 1 = Normal horse.
bHorse 2 = Horse immunized with antirabies vaccine for 5 years.
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TABLE 3
HAEMAGGLUTINATION INHIBITORS PRESENT IN NORMAL ANIMAL SERA AGAINST SOME INFLUENZA VIRUS STRAINS

HAI titre of normal serum of:

Virus Fowl Guinea-pig Sheep Monkey Rabbit Horse Calf

11 2 13 1 2 3 1 2 3 1 2 3 1 2 3 2 3 2 3

Al/Coonoor/l/50.......16 32 ... 256 256 ... 64 64 64 512 256 ... 16 8 ........

AI/Coonoor/6151 . . ... ... 16 16 .. 256 256 .. 64 32 32 .. .. .. .. .. .. .. .. ..

AI/Coonoor/2152 ...... 8 8 ................................

Al/Coonoorl3/52 . . .. .... 32 64 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..

Al/Coonoor/2I53 . . ... ... 64 64 .. .. .. .. .. .. .. .. . . . . . . . .

AllCoonoor/7/54 . . ... ... 64 64 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..

AI/Coonoor/l/55 . . ... ... 16 16 .. 128 128 .. 8 8 .. .. .. .. .. .. .. .. .. ..

AI/Coonoorl9/56 8 8 ..32 32 32 64 128 64 128 128 128 256 256 128 ... ....1024 1024 64

AI/Coonoor/1/57 ... ..... 8 8 .. ..... ... 16 16 .. 32 32 16 .. .. .. .. .. ..

A2/Coonoor/15/57 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .

A2ICoonoorI24/57 32 512 .. 512 1024 .. 64 64 ..256 256 .. 256 512 ..2048 4096 .. 128, 64 ..

A2/Coonoorl6/58 32 64 .. 512 1024 .. 256 128 .. 128 128 .. 256 512 .. 256 128 .. 256 128 ..

A2/Coonoor/12/58 16 512 .. 64 64 ... .......128 128 .. 256 512 .. 128 64 .. 128 64 ..

A2/Coonoorl2/59 16 512 .. 64 512 .. 64 32 .. 128 128 64 128 128 32 1024 1024 .. 128 128 .

A2lCoonoor/3/59 32 256 .. 128 1024 .. 64 32 ..512 128 .. 256 256 32 1024 1024 .. 64 16 ..

A2/Coonoor/5/59 16 128 .. 256 512 ..256 128 ..256 256 .. 512 512 32 512 512 .. 64 16 ..

A2lCoonoor/7/59 8 8 .. 256 2048 .. 64 32 ..512 512 64 128 128 32 256 256 .. 128 128

A2/Coonoorl18/59 8 8 ..1024 2048 .. 8 8 .. 64 128 .. 512 512 128 256 256 .. 64 64 ..

A2/Coonoor/19/59 16 256 .. 256 1024 .. 64 64 ..256 128 .. 128 128 32 128 256 .. 128 128 ..

A2/Coonoor/23/59 16 128 ..1024 2048 .. 8 8 .. 8 64 .. 256 256 .. 128 128 .. 32 32 ..

A2/Coonoor/28/59 16 32 .. 256 1024 .. 8 8 .. 256 256 16 8 .. 256 256 .. 128 128 ..

A2lCoonoor/4/60 16 128 .. 32 64 .. 64 32 .. 128 256 .. 16 8 .. 64 128 .. 64 64 ..

B/Coonoor/2/51........ 16 8 ..32 16 32 32 32 32 16 16 16........ 32 16..
B/Coonoor/4/51........ 16 8 16 16 8 8 32 32 32 16 16 16........ 16 8..
B/Coonoor/2/59........ 16 8 16 64 32 32 64 32 64 64 128 64........ 16 8

B/Coonoor/15/59........ 64 16 64 128 32 64 128 128 128 128 256 64........ 32 16..
B/Coonoor/20/59........ 16 8 16 32 8 32 64 64 64 64 128 64........ 16 8..
B/Coonoor/26/59........ 32 16 32 32 16 32 32 32 32 32 64 32........ 32 16..
B/Coonoor/29/59........ 64 8 64 64 16 64 128 128 256 128 256 128........ 64 16..
B/Coonoor/5/60........ 64 32 64 128 32 64 128 128 128 128 256 128........ 64 32..

PR8.. .. .. .... .. .. .. .. .. .. .. .. .. .. ........ .. ..

Liverpool .. .. .. 16 16 16 128 64 ..256 512 512 512 256 512 .. ..... 1024 2048 512

PAR.. .... .... .. .. .. .. .. .. .. .. .. .. .. .. .. ......

WIC.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ....

Lee .. .. .. 8 8 8... ..... 32 16 8 32 8 . .. .. .. .. .. ..

Sendai. . ..... .......... ....32 16 16....... 16 8........

1 = Untreated serum diluted 1: 8.
..= No inhibition of the virus.

2 = De-activated at 560C for 30 minutes, diluted 1: 8. 3 = Treated with periodate overnight.
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erythrocytes, while none of the A, Al or A2 strains
tested gave agglutination.
The strain of Sendai virus tested 1 agglutinated

only fowl, guinea-pig and monkey erythrocytes.

Sensitivity to inhibitors of normal animal sera

The results obtained with 30 strains of virus are
presented in Table 3. These can be summarized as
follows.

Fowl serum. The almost complete absence of
serum inhibitors against types A, Al and B was
striking, while inhibitors against avid A2 strains were
comparatively less than those in other normal sera.
The inhibitors were not only heat-stable but even
activated by heat. They were destroyed by treatment
with potassium periodate.

Guinea-pig serum. The sera contained inhibitors
against types A and Al, which were heat-stable and
were destroyed by periodate treatment. They con-
tained no inhibitors against non-avid A2 strains.
The inhibitors against avid A2 strains were activated
by heat but were destroyed by periodate. Those
against type B strains were heat-stable to some
extent and were not affected by periodate treatment.

Sheep serum. Most of the A2 strains were in-
hibited by sheep serum while a majority of A and Al
strains were not. The inhibitors against both types
were thermostable but were destroyed by periodate
treatment. Those against B strains were compara-
tively loAer in titre and were inactivated to some
extent by heat but not by periodate treatment.

Monkey serum. The inhibitors against avid A2
strains were thermostable and could be destroyed by
periodate treatment. The inhibitors against type B
strains could not be removed by periodate treatment.

Rabbit serum. The inhibitors against avid A2
strains were thermostable and were affected to some
extent by periodate treatment. Those against type B
strains were unaffected by heating or periodate
treatment.

Horse serunm. Inhibitors were not present against
type B viruses but were present in high titres against
avid A2 strains. These were destroyed by periodate
treatment. Sera of horses immunized with antirabies
vaccine contained no inhibitors against any of the
strains A, Al, A2 or B.

1 Kindly made available by Dr N. Ishida.

TABLE 4
ACTION OF HEAT ON HAEMAGGLUTINATION BY SOME

INFLUENZA VIRUS STRAINS

HA with fowl cells HA with guinea-pig
Viru HAwihfolsels cells

Unheatedl Heated Unheatedi Heated

AlCoonoor/9/56 256 32 256 64

A2/Coonoor/15/57 64 64 64 32

A2/Coonoor/24/57 64 64 128 64

A2/Coonoor/6/58 64 64 128 64

A2/Coonoor/2159 64 64 128 64

B/Coonoor/2/51 64 16 64 16

B/Coonoorl21/59 128 64 64 64

PR8 16 8 16 8

PAR 64 64 64 32

WIC 64 64 64 32

Lee 32 8 32 8

Sendai 64 32 64 32

Calf serum. Inhibitors were present in calf serum
against some Al strains, such as Liverpool and
Shirley (Al/Ned/56), but not against other A or Al
strains. The inhibitors against avid A2 strains were
destroyed by periodate treatment and were partially
removed by heating. Inhibitors against type B
strains were present only in low titres and were
inactivated partially by heat and completely by
periodate treatment.

Sendai virus. The Sendai virus was inhibited by
monkey and horse sera.

General. Thus it will be seen that there were
qualitative and quantitative differences in the in-
hibitor content of normal sera against the strains
tested. In general, the inhibitors against A2 strains
were heat-stable, activated in some cases by heating
and destroyed by periodate treatment. The B strains,
however, were not so sensitive to inhibitors. The
inhibitors to B strains, except those present in calf
serum, were partially destroyed by heat and were
unaffected by periodate treatment.

Action of heat
The effect of heat on haemagglutination by some

of the strains is presented in Table 4.
The results indicate that the strains of A, Al, A2

(non-avid) and B viruses tested were not entirely
thermostable. The avid A2 strains, however, re-
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TABLE 5
EFFECT OF ETHER ON HAEMAGGLUTINATION BY SOME

INFLUENZA VIRUS STRAINS

HA with fowl cells HA with guinea-pigVirusA ih ow els cells

|Untreatedl Treated Untreated| Treated

Al/Coonoor/9/56 256 64 256 1024

A2/Coonoor/15/57 64 512 64 2048

A2/Coonoor/24/57 64 32 128 256

A2/Coonoor/6/58 64 16 128 1024

A2/Coonoor/2/59 64 32 128 512

B/Coonoor/2/51 64 64 64 128

B/Coonoor/21/59 128 64 64 256

PR8 16 8 16 8

PAR 64 512 64 2048

WIC 64 512 64 2048

Lee 32 32 32 64

Sendai 64 32 64 64

tained their ability to agglutinate fowl red cells to
the same degree after heating, but there was a slight
fall in guinea-pig cell agglutination.
The Sendai virus was partially inactivated by heat.

Action of ether

The action of ether on some of the strains is
presented in Table 5.

Ether had a definite, though varied, effect on
haemagglutination by A, Al, A2, B and Sendai
viruses. With strains like PAR, ether treatment
considerably enhanced the titre with fowl as well as
guinea-pig cells; but with other strains there was a
fall in the haemagglutination titre with fowl cells
and a marked rise with guinea-pig cells.

DISCUSSION

Chu (1948) reported the agglutination of red blood
cells of different animal species by influenza virus.
With the advent of the Asian strain, this property of
the virus has been extensively studied by several
workers (Jensen, 1957; San-Pin Wang & Tsu Yang
Lin, 1958; Schmidt & Grossgebauer, 1959).

It was found that the A2 strains studied aggluti-
nated the red cells of all the animals studied except
those of the cow and calf. The type B isolates, except
for one strain isolated in 1951, gave agglutination

with the erythrocytes of all the different animal
species including the cow and calf. Schmidt &
Grossgebauer (1959) reported that most of the
strains studied by them agglutinated bovine cells at
4°C. Our experience has been that, although the
type B isolates could, none of the A, Al or A2 strains
studied were able to agglutinate cow or calf cells at
room temperature or at 4°C. Our results indicate
that the specific agglutination of cow and calf cells at
room temperature could be used as an aid in the
rapid differentiation of type B viruses from those
belonging to type A.
Most of the A2 strains isolated since 1957 agglu-

tinated horse red cells, a property not shared by the
earlier A and Al viruses. An interesting observation
was that when red cells from horses immunized with
antirabies vaccine were used, there was no agglutina-
tion with the A2 strains tested with the exception of
PAR, WIC, A2/Coonoor/15/57 and A2/Coonoor/
28/59.

All the type B isolates, on the other hand, agglu-
tinated red cells from normal horses as well as those
immunized with antirabies vaccine.

Sheep erythrocytes were agglutinated by most of
the type B viruses and the A2 isolates of 1957 and
1958. There was little or no agglutination with
1950-56 Al strains. An interesting finding was that
the majority of the A2 strains isolated during 1959
and 1960 also did not agglutinate sheep red cells,
thus differing from the 1957 and 1958 isolates.
Only one of the strains (Al/Coonoor/2/52),

isolated in 1952 and characterized as unique by the
World Influenza Centre, agglutinated all the ery-
throcytes tested.
The occurrence of inhibitors against influenza

virus in serum, urine, etc. has long been recognized.
The sensitivity to normal serum inhibitors has been
one of the criteria used for classification as avid or
non-avid (Lippett & Wirth, 1959; Fauconnier, 1959;
Luzyanina et al., 1960).

It was found that the Al strains isolated during
the period 1950-56 varied in their sensitivity to
normal sheep and calf serum inhibitors. The
absence of inhibitors in fowl sera against these
strains was striking.
The avid A2 strains were found to be highly

susceptible to the inhibitors present in guinea-pig
and horse sera and to a very limited extent to those
present in fowl sera. As reported by Lippett &
Wirth (1959) and Luzyanina et al. (1960), it was
observed that the inhibiting activity of guinea-pig

692
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serum against A2 viruses was activated by heat.
The inhibitor was not affected by cholera filtrate
but was destroyed by periodate.

It was found that except for normal horse serum,
all the other animal sera tested contained inhibitors
in low titres against most of the type B strains. With
the exception of those present in calf serum, these
inhibitors appeared to be different in nature from
those acting on A strains inasmuch as they were not
destroyed by periodate. It was also found that
monkey sera inhibited most of the type B strains

tested. These findings are different from those
reported by Fauconnier (1959).

Heating at 56°C for 30 minutes was found to
reduce the haemagglutination titres of all the strains
except those belonging to the avid A2 type. The
action of ether, however, varied. With the non-avid
A2 strains the haemagglutination titres increased
fourfold after ether treatment; with other strains
it was observed that though there was no increase
in fowl cell titres, guinea-pig cell titres increased
considerably.
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Xr%J,L-:SUMt

Une analyse comparative des caracteres des virus
grippaux isoles de 1950 a 1960 a l'Institut Pasteur de
Coonoor, Inde meridionale, a WtE effectuee. Elle a porte
sur l'agglutination des 6rythrocytes de diverses especes
animales, la sensibilite aux inhibiteurs non specifiques du
serum, l'effet de la chaleur et de l'ether.

Toutes les souches A2 isol6es depuis 1957 agglutinaient
les erythrocytes de cheval, ce qui n'etait pas le cas des
souches A et Al isolees anterieurement. Toutefois, les
virus A2 n'agglutinaient pas les erythrocytes de chevaux
vaccines contre la rage, sauf les souches non avides PAR,
WIC et A2/Coonoor/15/57. Les virus A2 isoles en 1959

et 1960 diff6raient des souches A2 pr6eedentes par le fait
qu'ils n'agglutinaient que peu, ou pas, les erythrocytes de
mouton.

L'agglutination des erythrocytes de vache et de veau
semble etre specifique de la plupart des souches B sou-
mises a I'analyse.

Les souches A2 avides differaient des souches A, Al et
A2 non avides par le fait qu'elles 6taient inhibees par le
serum normal d'oiseaux de basse-cour.

Les serums de chevaux immunis6s par le vaccin anti-
rabique ne contenaient pas d'inhibiteurs contre les sou-
ches A, Al, A2 ou B examinees.
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