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Influenza Virus Isolations at the Government of India
Influenza Centre, Coonoor, during 1950-60

N. VEERARAGHAVAN, M.B.,B.S., D.Sc.'

In 1950, responding to an invitation by the World Health Organization to all its Member
States to establish regional laboratories for the .study, in collaboration with the World
Influenza Centre, of the distribution and antigenic pattern of influenza viruses, the Govern-
ment ofIndia set up an Influenza Centre at the Pasteur Institute ofSouthern India, Coonoor.
The author presents a study ofthe antigenic pattern and variation ofthe influenza virus straitns
isolated at the Government of India Influenza Centre during 1950-60. Of the 152 strains
isolated, 135 were type A viruses (23 belonging to the Al/Liverpool/50 subtype, 5 to All
Eire/55, 10 to AJ/Ned/56 and 97 to A2/Asia/57), 15 were type B viruses, and 2 were type
C viruses. Two striking facts that emergedfrom this study were the absence of the Scan-
dinavian strains from the area in which the viruses were isolated and the total disappear-
ance ofold strains after a new one had appeared.

INTRODUCTION

India is known to have been visited by the in-
fluenza pandemics of 1781, 1889 and 1918, apart
from that of 1957. The first of these is supposed to
have originated there in September 1781. According
to the report of the Sanitary Commissioner to the
Government of India for 1918, the pandemic of that
year affected 70 millions, i.e., 30% of the population
at risk. The case-fatality rate varied in different areas
from 1% to 50%, with an average of 10%, while
20% of the deaths occurred in the age-group 20-40
years. There were 7 million deaths in the area under
survey, which represented only half of India. Des-
pite its obvious importance as a public health prob-
lem, the information available on the behaviour
of sporadic and epidemic influenza, as distinct from
the pandemic type, is scanty.

Feeling that many of the problems concerning
influenza could be solved only by international
collaboration, the World Health Organization set
up the World Influenza Centre in London, England,
and the Strain Study Centre for the Americas in
Brooklyn, N.Y., USA, and invited all Member
States of the Organization to co-operate in the inter-
national programme by setting up regional labora-
tories that would serve as listening posts. The main
functions of these laboratories were to study the
problem of influenza in the area continuously, to
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isolate strains of virus and determine their antigenic
pattern, and to warn the World Influenza Centre
if a new variant of the virus appeared.
As part of this programme and with the assistance

of the Government of India, an influenza centre
was organized at the Pasteur Institute of Southern
India, Coonoor, in 1950 under the late Dr I. G. K.
Menon and designated the Government of India
Influenza Centre. Dr Menon was responsible for
developing the Centre as the main laboratory for
work on influenza in the country and directed its
activities with distinction till his premature death in
May 1959. The major part of the findings reported
in this paper represent the work of the late Dr
Menon and his team. These have been presented
regularly in the Scientific Reports of the Institute.
The isolations of influenza virus strains during the

years 1950-60 and the antigenic characteristics of
these strains are presented in this report. The
isolations were mainly from the Nilgiris district,
with the exception of a few strains isolated from
other areas during the 1957 pandemic. The strains
received from other workers for identification are
not included.

MATERIAL AND METHODS

Organization of work

The first problem that faced the Centre at its
inception in 1950 was that of collecting reliable
information on the incidence of the disease in the
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area. It was felt that data based entirely on clinical
diagnosis unsupported by laboratory findings might
be of no value. It was therefore decided to collect
epidemiological information from the Nilgiris
district and correlate the data with the laboratory
findings. Four institutions from three townships
were selected for the purpose. Data on the number
of cases of influenza seen every month, as well as on
the total number of all cases attended to in out-
patient departments for the same periods, were
gathered. It was found that a marked increase in
the number of cases diagnosed clinically as influenza
was generally associated with the isolation of virus,
indicating that the collection of epidemiological
data based entirely on clinical findings was of some
value.
The method of approach followed from 1950 to

the beginning of 1959 was to concentrate on the
isolation of virus whenever the epidemiological data
mentioned above showed a marked increase in
clinically diagnosed cases of influenza, the aim being
to establish the identity of the virus responsible for
the outbreak.

Since 1959, with the co-operation of the medical
officers, an attempt has been made to study the
incidence of the disease in the district by carrying
out virus isolations throughout the year. As part
of this programme, 114 throat gargles from suspected
cases of influenza and other respiratory infections
were examined in 1959 and 263 in 1960.

Techniques adopted
The methods adopted for the isolation, typing

and antigenic analysis of the strains were generally
those recommended by the World Influenza Centre,
London, and are given below.

Isolation of virus. Throat gargles from patients
were collected in suitable sterile containers in 10 ml
of sterile normal saline and 3 ml of broth were added
immediately to each specimen. Penicillin and
streptomycin were also added. Specimens were
transported in ice to the laboratory without delay
and stored at -20°C.

Thirteen-day-old embryonated eggs were inocula-
ted amniotically, according to the method described
by Beveridge & Bumet (1946), with 0.25 ml of the
material and incubated at 35-36°C for 96 hours.
They were then chilled at 4°C for 4 hours, and the
amniotic fluid was collected and tested for the pre-
sence of virus by the haemagglutination test, using
fowl and guinea-pig cells. When a haemagglutinating
agent was recovered it was adapted to allantoic

growth. A specimen was considered negative if
haemagglutinins were not demonstrated after two
serial amniotic passages.

Haemagglutination (HA) test. Fowl red blood
cells were generally used for the test. Blood was
aseptically drawn, either by bleeding from the wing
vein or by cardiac puncture, and promptly mixed
with an equal volume of modified Alsever's solution
(Whitman, 1947). The mixture was kept at 4°C for
at least 24 hours before use. The red cells were
washed thrice with sterile normal saline and finally
centrifuged down at 3000 revolutions per minute
(r.p.m.) for 5 minutes. A 0.5% suspension by volume'
was made from the packed cells in normal saline
and checked in a photoelectric colorimeter before use.
This was used for the day's test, while the stock in
Alsever's solution was kept for a week. Preliminary
tests, using lipoid material such as Wassermann
antigen, were carried out on the cells of the birds,
and only those birds whose cells were insensitive to
lipoid agglutination were used as the source of cells.
In all quantitative work, cells from the same group
of birds were employed.

All tests were carried out in glass tubes 50 mm
long and 10 mm in internal diameter. The tubes
were suspended in the racks by means of the lips,
so that readings could be easily taken by passing a
mirror under them. Plastic plates were not used
owing to the difficulty experienced in thorough
mixing and the irregular results obtained.
For the test the allantoic fluid virus was diluted

serially in twofold steps in saline and 0.25 ml of
each dilution was mixed with an equal volume of
0.5% erythrocyte suspension. The mixtures were
shaken well and kept at room temperature (19-27°C).
Readings were taken at the end of one hour and titres
expressed as reciprocals of the highest dilution of
the virus giving positive haemagglutination.

Complement-fixation (CF) test. The CF test used
for typing viruses was the same as that described
by Hoyle (1948), infected allantoic fluid being used
as the antigen instead of mouse lungs.

Haemagglutination-inhibition (HAI) test. For
studies on antigenic analysis the HAI test was
employed.

Preliminary work indicated that fowl serum was
far more satisfactory than rabbit or ferret serum
because of its very low content of Chu inhibitor.
The fowl was therefore selected for preparing the
antisera used in the antigenic analysis of the strains.
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Fowls were immunized by one intraperitoneal
injection of 10 ml, followed by one or two intra-
venous injections of 5 ml each, of recently harvested,
bacteriologically sterile, virus-infected allantoic fluid
pool. Sera were collected by bleeding 10-15 ml at a
time from the wing veins 10 days after the first and
7 days after the second and third inoculations, and
were then put into ampoules and stored at -20°C.
On the day of the test the sera were deactivated by
heating at 56°C for 30 minutes (Menon et al., 1953).
After the appearance of the Asian virus, sera were
treated with potassium periodate as follows: one
volume of serum was added to two volumes of M/90
potassium periodate and the mixture was kept over-
night at 4°C. The action of the periodate was
stopped by adding two volumes of a 1 % solution
of neutral glycerol in saline.

Infected allantoic fluids were used as the antigens.
In the case of Indian strains care was taken to see
that they had undergone only 2 or 3 passages since
isolation. Ten-day-old eggs were inoculated with
0.1 ml of a 10-2 dilution of amniotic or allantoic
fluids, incubated for 48 hours at 35-36°C and chilled
at 4°C for not less than 4 hours, and the allantoic
fluids were then harvested. Sterile fluids with suit-
able HA titres were pooled and titrated again.
Thiomersal, in a concentration of 1 in 10 000, was
added as a preservative as it was found not to inter-
fere with the HA properties in the inhibition test.
The thiomersalized antigens were stored at 40C.
For the HAI test twofold dilutions, commencing

with 1 in 8, of the treated sera were prepared in
bulk, separate pipettes being used for each dilution.
Unit volumes of 0.25 ml were transferred from the
dilution tubes to the tubes actually used for the test.
The antigens were then added, each unit volume
containing 8 HA doses, calculated from a titration
carried out on the same day. They were rechecked
by a back titration, carried out at the end of the test,
in which twofold dilutions to give 4, 2, 1 and 1/2 HA
doses of each antigen were treated with the unit
volume of cells. To the mixture of serum and anti-
gen, 0.25 ml of a 0.5% suspension of fowl cells,
prepared according to the method described earlier,
were added. The tubes were shaken and readings
taken exactly after one hour. The titres were ex-
pressed as the reciprocal of the highest dilution
giving complete inhibition of haemagglutination.

Antigenic analysis. Only experiments where a
number of sera and corresponding antigens were
tested by the HAI test on the same day were used
for the calculation of antigenic ratios.

The antigenic ratios were calculated from the
results by means of the formula r = Vrl x r2, where
rl and r2 are obtained by dividing the respective
heterologous titres by the respective homologous
titres. The reciprocals of the calculated ratios were
determined. A high ratio indicated pronounced
dissimilarity, while a value of 1.0 showed complete
identity and an intermediate value such as 1.4
indicated a fair degree of relationship.

RESULTS

Type A viruses
Isolations. The first isolation of influenza virus

in the country was done by the late Dr Menon on
5 August 1950. Between that date and November
1960, 135 strains of type A viruses have been
isolated. Table 1 shows the total number of strains
isolated each year and Table 2 their distribution in
different months. It will be seen from Table 2 that
outbreaks ofinfluenza confirmed by isolations oftype
A-prime (Al) virus occurred in the district during
the following periods: August 1950; August to
November 1951; December 1952; November 1953;
September to November 1954; June 1955; January
to March 1956; and January 1957.
With the appearance of the 1957 pandemic strain

in the country, outbreaks due to the Asian virus
occurred in the district during the following periods:
May, June, September, November and December
1957; January, February, July and October 1958;
May, July, August, October and December 1959;
and January, March, September and October 1960.

Antigenic pattern. The antigenic analysis of the
strains by Menon et al. (1954) showed that the Al
strains isolated in India during the years 1950-54
were related to the Liverpool subtype, isolated from
an outbreak associated with heavy mortality in
December 1950 in Liverpool, England. They found
that the strains isolated in any year were closely
related to each other, but were slightly different
from those isolated in the other years. They also
made the important observation that from the same
outbreak and from patients living in contiguous
houses, strains were obtained that differed appre-
ciably in antigenic as well as biological characteristics
from the standard strain. For instance, the strain
Al/Coonoor/2/52, which was isolated during an
outbreak of influenza due to the Liverpool subtype
virus, has been characterized by the World Influenza
Centre as " unique ". Work at the Coonoor Centre
had indicated the antigenic differences between this
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TABLE 1
INFLUENZA VIRUS ISOLATIONS AT THE COONOOR CENTRE DURING 1950-60

Al strains related to
Year A2 B C Total

A1/Liverpool/501 A1/Eire/55 IA1/Ned/56
1950 3 3

1951 6 2 8

1952 4 4

1953 3 2 5

1954 7 7

1955 1 1

1956 4 9 13

1957 1 31 32

1958 23 23

1959 23 10 2 35

1960 20 1 21

strain and the Liverpool subtype strains isolated
from patients in adjoining houses during the same

outbreak. These findings were confirmed by Isaacs
& Archetti (1954) and K. E. Jensen (personal com-

munication, 1955). Subsequent studies revealed
a close relationship between this distinctive strain
isolated at Coonoor in 1952 and the various strains
isolated in Malaya in 1954 and in England in 1955.

TABLE 2
DISTRIBUTION OF INFLUENZA VIRUS ISOLATIONS IN DIFFERENT MONTHS

Al stralns related to A2 B C

Month Al/Liverpool/50 Al/Eire/55 Al/Ned/56

1950 1951 1952 1953 1954 1955 1956 1956 1957 1957 1958 1959 1960 1951 1953 1959 1960 1959

January 2 1 8 2

February 2 3

March 9 10 1

AprilI

May 7 2

June 1 16

July 11 13 1

August 3 1 1 2

September 3 1 4 6

October 4 1 4 2

November 2 3 2 3 1 1 1

December 4 1 1 5 2
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In July 1955, a strain of virus was isolated from
the throat gargle of a patient which on antigenic
analysis was found to be related to A/Eire/55.

In January 1956, there was a sudden outbreak of
influenza in several areas in the district. The out-
break spread rapidly, attaining peak figures in March,
and subsided by the middle of April. Throat gargles
were collected from five different episodes. It was
found that the strains isolated from patients in the
Pasteur Institute estate and in an orphanage nearby
fell into one group, while those from patients in a
residential school at Coonoor and from patients at
the dispensary at Ootacamund fell into another
group. The World Influenza Centre, to whom
typical strains were sent for examination, reported
that the strains in the first group were related to
A/Eire/55, while those in the second group were
closely related to A/Ned/56. Coonoor thus appeared
to have had an outbreak of influenza lasting over
46 days in which two widely differing A-prime virus
strains were involved. Thus the gradual drift from
the Liverpool subtype over the years was replaced
in 1956 by sharp antigenic deviations in the strains
isolated.
The first isolation made in January 1957 at

Coonoor was found to be related to A/Ned/56.
As reported by Menon (1959), the ship s.s. Rajula,

arriving from Malaya, was quarantined off the port
of Madras on 16 May 1957 with 44 active cases of
influenza on board. The earliest cases in the city
of Madras following the arrival of the steamer were
noticed on 19 May. It was therefore surprising to
find cases occurring in Ootacamund in the Nilgiris
district about 400 miles (640 km) away on 21 May.
The subsequent spread of the infection through the
district was very rapid and, by the middle of June,
the life of the community was disrupted by the high
prevalence of the disease. Thirty-two strains were
isolated during 1957, 31 of which were found to
belong to the Asian subtype. Twenty-three isola-
tions of the Asian virus were made in 1958, 23 in
1959 and 20 in 1960. Menon (1959) has pointed
out that the different strains tested, though antigen-
ically similar, varied considerably among themselves
and from the type strain A2/Singapore/57. The
differences encountered related to the rate of growth,
adaptation to allantoic passage, HA titre in pro-
portion to infectivity, susceptibility to non-specific
inhibitors present in normal human and experi-
mental animal sera, reaction to homologous and
heterologous immune sera and changes in the pro-
perties brought about by the action of ether.

Type B viruses
Isolations. The details regarding the type B

viruses isolated during the years 1950-60 and their
monthly distribution are given in Tables 1 and 2.

It will be seen that the first type B virus to be
isolated at the Centre was. in March 1951. The
second strain was isolated in November 1951, the
third in November 1953, and the fourth in December
1953. There were comparatively few isolations
during this period owing to the fact that many of
the outbreaks which were mild in character were not
reported.
However, since 1959, when the programme of

isolation of influenza viruses throughout the year
was started, the number of isolations of type B
viruses has considerably increased. Strains were
isolated in April, July, August, November and De-
cember 1959 and in January 1960. In all, 11 strains
were isolated during this period.

It is interesting to note that type B virus has been
isolated during outbreaks due to A-prime and Asian
viruses. In November 1953, out of six throat gargles
collected from six patients in the same hospital one
morning, Al virus was isolated from three and
type B virus from one. Similarly, in a residential
school at Ketti, nine throat gargles were collected
from children one morning in July 1959. On
examination, nine strains of virus were isolated;
Eight of these were of the Asian subtype while one
proved to be type B virus. These findings suggest
that both type A and type B viruses are prevalent
in the district and sometimes appear during the same
outbreak.

Antigenic pattern. The studies on the antigenic
analysis of the B strains carried out by Menon et al.
(1954) showed that the Indian type B strains are
far removed from the Lee and Paddington strains,
and though closely related to the 1946 Crawley
strain are not identical with it. Although they
showed a certain degree of identity among themselves,
the slow antigenic drift of the later strains from the
standard strains of previous years was apparent.
The 1959 and 1960 isolates are easier to grow and
give better HA titres.

Type C viruses

Our attempts to isolate influenza viruses through-
out the year have resulted in the isolation, from a
small outbreak in a village named Jagathala, of
two strains which resemble type C virus. The
characteristics of these strains were (a) ability to
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grow in the amniotic cavity only, (b) haemagglutina-
tion of fowl red cells at 4°C, (c) sensitivity to normal
rat serum inhibitors and (d) reaction against Taylor
1233 strain antiserum in haemagglutination and
complement-fixation tests.

DISCUSSION

The Nilgiris district is situated in South India,
about 76°E. and 11N., at altitudes varying from
5600 to 7500 feet (1700-2300 m) above mean sea-
level. Though representative of the country as a whole
in respect of factors such as annual rainfall and
nature of population, the district differs from the
surrounding areas in the range of temperature
experienced. Thus the mean temperature for most
of the year is about 60°F (16°C), with minimum
temperatures varying from 29°F to 52°F (-1.7°C-
+11.1 C) and maximum from 66°F to 80°F.
(18.9-26.70C).
Records have been maintained of the maximum

and minimum temperatures and relative humidity.
An analysis of the data indicates that there is no
striking correlation |between the prevalence of the
disease and these factors.

Epidemiological studies during 1950-57 revealed
an increased incidence of the disease in the Nilgiris
district in the second half of the year, particularly
in the months September to December. Between 1950
and the end of 1955, influenza virus was isolated
from 28 cases in the area. Of these, 19 were obtained
during the months September to December. The
exceptions were (a) three strains isolated in August
1950 which were later found to be the newly appear-
ing Liverpool subtype, (b) a comparatively new
type B virus isolated in March 1951 and (c) a new
strain isolated in June 1955 and shown to be related
to A/Eire/55.
The four isolations resembling A/Eire/55 during

January to March 1956, nine isolations resembling
A/Ned/56 in March 1956 and one isolation resem-
bling A/Ned/56 in January 1957 also proved to be
new variants. The totally new Asian strain appeared
in May 1957 and was isolated during different
months in 1957, 1958 and 1959. In 1960, the Asian
virus was isolated in January and March. But, in
spite of repeated efforts involving the examination
of 145 throat gargles, the Asian strain was not
isolated during the months April to August, though
it reappeared in the middle of September and con-
tinued to be isolated during the subsequent months.
According to Menon (1957), these findings suggest

the possibility that the appearance of the disease at

unusual periods of the year may be related to the
emergence of new strains of virus. When a virus
strain is well seeded in the country, resulting in a
partial degree of immunity in the population, it may
require a combination of factors such as over-
crowding and inclement weather for it to cause
outbreaks, generally of a localized pattern. On the
other hand, when a new variant appears, against
which the population has little or no immunity,
it does not need the accessory favouring factors
necessary in the case of well-established strains,
but spreads regardless of climatic or other factors.
Needless to say, its spread will be accelerated if
favourable factors also coexist at the time of its first
appearance.
A study of the occurrence of influenza outbreaks

in the district during the past ten years indicates
that the pattern does not conform to the two- or
three-year cycle usually regarded as typical of
influenza type A epidemics. During 1950-57,
Wellington had outbreaks in each of the seven years,
while Coonoor had them in five and virus was
isolated from a limited outbreak in one of the
remaining years.
A total of 152 strains of influenza virus was

isolated during the years 1950-60. Of these, 135
belonged to type A, 15 to type B and 2 to type C.
Among the type A viruses, 23 belonged to the
Liverpool subtype, 5 to A/Eire/55, 10 to A/Ned/56
and 97 to the Asian subtype.
The first A-prime virus strain isolated at Coonoor

in August 1950 was found to belong to the then
antigenically new Liverpool subtype. According
to the World Influenza Centre, the new strain made
its appearance in Australia in June 1950, two months
before its isolation at Coonoor. Subsequent studies
indicated that all the reported outbreaks in India
from 1950 to 1954 were caused by strains closely
related to this subtype. However, a gradual antigenic
shift was noted over the course of the years.
An important finding was that during this period

the Scandinavian strains were observed in all the
countries in the world except India and South Africa.

In 1956, Coonoor had an outbreak of influenza
lasting over 46 days in which two widely differing
strains of A-prime virus-namely, A/Eire/55 and
A/Ned/56-were isolated. The latter strain was
also isolated in January 1957.
The pandemic of Asian influenza broke out in

India in May 1957. During 1957 and 1958, the isola-
tions consisted only of the Asian subtype. In 1959,
apart from the Asian virus, type B virus was isolated
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on several occasions and type C virus from one
outbreak.

Since 1959, attempts have been made to study
the prevalence of influenza viruses in the district
by means of isolations carried out throughout the
year. During the short period the work has been
in progress, it has been found that the Asian virus
was mainly prevalent from May to October 1959,
with an occasional type B virus. The isolations in
November and December 1959 were chiefly type B
viruses, with an occasional Asian virus. In December
1959, two strains of type C virus were isolated.
During January to March 1960, the isolations were
predominantly of the Asian subtype. In spite of
processing over 145 throat gargles from cases of
respiratory infections, influenza virus could not be
isolated between April and mid-September 1960,
when the Asian virus reappeared and continued to be
isolated during the subsequent months. Its dis-
appearance for over six months is interesting.

It will be seen from Table 1 that 97 strains of

Asian virus were isolated during the period May 1957
to November 1960, but not a single A-prime virus
was encountered. The total disappearance of the
earlier virus with the arrival of an antigenically
different strain is indeed remarkable.
Our studies have shown that both type A and

type B strains are prevalent in the district and
sometimes appear during the same outbreak, and
that strains differing appreciably in antigenic and
biological characteristics can be obtained in the
same outbreak from patients living in contiguous
houses.

It was found that the various strains of each type
or subtype differed considerably from each other
and from the respective type-strains in their biolo-
gical characteristics and antigenic make-up. The
biological characteristics of representative strains
isolated at the Centre during 1950-60 have been
described by Veeraraghavan & Kirtikar.' The
antigenic analysis of these strains by means of the
antibody-adsorption technique is in progress.
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RtSUMP-
Au Centre de la Grippe pour l'Inde, Institut Pasteur de

l'Inde m6ridionale, Coonoor, les souches de virus grippal
isolees de 1950 a 1960 ont ete etudiees, comparees et
class6es.

Sur 152 souches, 135 appartenaient au type A, 15 au
type B, et 2 au type C. Parmi les virus A, 23 se rattachaient
au sous-type Al/Liverpool/SO, 5 a Al/Eire/55, 10 a
Al/Ned/56 et 97 au sous-type Asia. C'est en 1950-55 que
les premiers se sont manifest6s, en 1955 et 1956 que l'on a

isole les deuxiemes, en 1956 et 1957 le troisieme; le sous-
type Asia a et6 trouve de 1957 a 1960. Les virus de type B
ont ete isoles en 1951, 1953, 1959 et 1960, et les virus C
en 1959.
Aucune souche apparentee aux sous-types scandinaves

n'a ete d6cel&. II est frappant de constater, d'autre part,
que I'apparition d'un nouveau sous-type a coincide avec
la disparition des precedents.
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