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Influenza in Croatia: 1950-65
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The National Influenza Centre for the Republic
of Croatia (one of the six republics that constitute
Yugoslavia) was established in 1949 within the
framework of the Medical Faculty of the University
of Zagreb and the Institute of Public Health of the
Republic of Croatia as a co-operating unit of the
World Influenza Centre. The work of the National
Influenza Centre in Zagreb comprises

laboratory (serological and virological) testing
of patients with clinical diagnoses of influenza and
respiratory infections,
comparison of laboratory findings with reports

on morbidity and mortality from influenza,
studies of the immunological characteristics of

isolated strains of the influenza virus, and
exchange of information and material with the

World Influenza Centre in London and WHO
Headquarters in Geneva.

Analysis of the immunobiological situation in
Croatia, on the basis of the National Influenza
Centre's data, made it possible to study the occur-
rence, course and duration of the influenza epidemics
between 1950 and 1965. From 1953 onwards the
results of immunobiological studies were compared
with data obtained from weekly reports from which
it was also possible to obtain an indication of the
intensity of the epidemic. Positive serological
findings of acute influenza infections in the first and
the last patients in a particular epidemic correspon-
ded chronologically to the beginning and the end
of the epidemic as recorded in the weekly reports.

Material and methods
Paired sera (acute and convalescent) from at least

200 patients with respiratory infections in various
hospitals in Croatia are each year regularly examined
by the complement-fixation (CF) test with the
soluble S antigen prepared from A and B influenza
strains.
During epidemics the Centre organizes field work

and collects blood samples and throat swabs (for
isolation of virus) in various collectives, particularly
in the region of Zagreb. Sera collected during
epidemics are analysed by the CF test and the

haemagglutination-inhibition (HI) test. For the HI
test, strain-specific V antigens prepared from the
reference A and B influenza strains and from strains
isolated during epidemics in the territory surveyed
are used.
The isolation of virus from the throat swabs is

made on chicken embryos and the isolated virus
is identified by the cross haemagglutination-inhibi-
tion method with the anti-V sera of immunized
roosters.

Laboratory techniques for serological reactions,
isolation of virus, and preparation of immune sera
are carried out in accordance with published re-
commendations.a
The laboratory diagnosis of influenza is based

on the characteristic (fourfold or higher) increase of
the antibody titre in the paired sera or on the isola-
tion of virus.

Since 1953 there has been compulsory reporting
of influenza cases in Yugoslavia. The reports, pre-
pared according toWHO recommendations,a contain
information on the number of patients in a parti-
cillar week (days of the month: 1-7, 8-14, 15-21,
and 22 to the end of the month), the intensity of the
disease, the number of cases accompanied by pneu-
monia and the number of deaths. In each commune
there is a health institution where information is
collected from all physicians in the territory and
then sent to the Institute of Public Health of the
Republic of Croatia.

Results
Incidence of influenza in Croatia. By a continuous

analysis of the immunological situation, based on
serological findings in patients with respiratory
infection, it has been shown that, since 1949, cases
of influenza have occurred at fairly regular intervals
(Table 1); generally they occur during cold months.
Epidemics caused by type A virus appeared at
1-3-year intervals, whereas those caused by type B
virus recurred at somewhat longer intervals, namely,
3-5 years.

a WHO Expert Committee on Influenza (1953) WF
HIth Org. techn. Rep. Ser., 64.

1853c



NOTES

TABLE 1. OCCURRENCE OF INFLUENZA IN CROATIA IN 1950-85 ON BASIS
OF VIROLOGICAL EXAMINATIONS

Type of influenza in
Year _ _ _ _ _ _ _ _ _

Year___ -Jan. Feb. | Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1951 B B Al Al

1952

1953 Al Al

1954

1955 B B B

1958 Al Al

1957 A2 A2 A2 A2

1958 A2 A2 A2 A2

1959 B B A2 A2

1980 A2 A2 A2

1961

1962 B B A2 A2

1963

1964 A2 A2 A2

1985 B B B

Acute influenza infections were serologically
proved only in patients developing infection between
January and April, except in the 1957 pandemic,
which was caused by a new antigenic variant of the
A-type virus, namely, A 2/Asia/57. That year acute
infections with A 2 virus were serologically verified
in patients who developed infection between the end
of August 1957 and April 1958.

Evidence was obtained of an increase in antibody
titre against influenza B in patients who, in 1951
or 1962, developed infection in January and Feb-
ruary and in those who in 1959 became infected in
February and March. On the other hand, patients
who became infected between the end of February
and the end of March in 1951 or 1962, and those
who became infected in April and May 1959, gave
evidence of an increase in the antibody titre against
influenza A. It was therefore concluded that the
influenza epidemics in 1951, 1959 and 1962 were

caused first by the B virus and then by the A virus.
Morbidity rates during the epidemics in 1953-65,

according to information in the weekly reports,
varied from 16.7 to 112.0 per 1000 inhabitants (see
the figure). In this period there were two epidemics
with a strikingly high morbidity rate: the 1957-58
epidemic, with an over-all morbidity rate of 112.0%

TABLE 2. VIROLOGICAL ANALYSIS OF INFLUENZA
EPIDEMICS IN CROATIA: 1950-5

Type of virus
| Antigenic relationship

Peid

Al A2 IB of Isolated virus

1950-51 S S Al/Sweden/3/50 (Scandina-
via 50)

1951-52

1952-53 Si AI/England/1/53 (Scandina-
via 53)

1953-54

1954-55 SI B/England/9I54
1955-56 Si Al/England/1153 (Scandina-

via 53)
1958-57
1957-58 Si A2/Singapore/Il57
1958-59 S S

1959-60 S

1960-81
196142 Si S A2/Singapore/l157
1962-83
19634 Si A2/England/12/84
1964465 5

a S established by serological tests;
I established by isolation of virus.
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MORBIDITY RATES OF INFLUENZA IN CROATIA IN 1953-85

A2 92.2

20l 192. A2 A2173.2
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s% Al B A2
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and a peak of 92.2% in October, and the 1964
epidemic, with an over-all rate of 87.2% and a peak
of 73.2% in March.

Antigenic characteristics of isolated viruses. The
antigenic structure of the influenza viruses isolated
between 1950 and 1965 has been shown to change
from epidemic to epidemic.
By comparing the antigenic characteristics of the

influenza strains isolated in Croatia with those of
the strains isolated in other countries, it has been
found that, in antigenic structure, the types and
subtypes found in Croatia corrrespond to those
reported in other counties in the same period b
(Table 2). During the epidemics in 1951, 1959,
1962 and 1964, serological tests indicated that the
B virus was the cause of infection. However, since
no viruses were isolated it was impossible to analyse
and compare the antigenic structures of the strains
that caused these epidemics.

b The antigenic relation between the strains was deter-
mined at the World Influenza Centre, London.

Influenza in 1965. At the beginning of 1965,
epidemics of influenza A broke out in Leningrad
and other towns in the North-west of the Soviet
Union. The epidemic in Moscow and, particularly,
that in Leningrad were nearly as widespread and
severe as the epidemic of 1957.c The question was
raised whether the 1965 epidemic was likely to
affect Croatia.
To answer this question analyses had to be made,

first of the antigenic characteristics of the influenza
strains causing the 1965 epidemics and, secondly,
of the immunogenic condition of the population
in Croatia.
By the cross-HI test, the antigenic structure of the

A2 strain isolated during the epidemic in Lenin-
grad in 1965 d was compared with that of the strains
A2/Zagreb/62 and A2/Zagreb/64 isolated during

c Zdanov, V. M. et al. (1966) Bull. Wld Hlth Org., 34,
877.

4 This strain-A2/Leningrad/65-was obtained from the
World Influenza Centre, London.
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TABLE 3
ANTIGENIC RELATIONSHIPS AMONG A2 INFLUENZA

VIRUSES AS SHOWN BY
HAEMAGGLUTINATION-INHIBITION TESTS a

Serum

Virus A2/ A2/ A2/ A2/
Sing./ Zagreb/ Zagreb/ Lenin./
57 62 64 65

A2lSingaporel57 1 024 128 16 8

A2/Zagreb/62 512 1 024 256 32

A2/Zagreb/64 128 256 512 128

A2/Leningrad/65 128 128 256 256

a The figures are the reciprocals of the Hi antibody titres.

the epidemics in Zagreb in 1962 and 1964 (Table 3).
On the basis of the results it was concluded that
the strain A2/Leningrad/65 was antigenically very
similar to the strain that caused the epidemic of
influenza in Croatia in 1964, but not as closely
related to the strain isolated in 1962. There was a
pronounced difference in antigenic structure between
the A2/Leningrad/65 and A2/Zagreb/64 strains on
the one hand and the A2/Singapore/57 strain on the
other.

In 1964 the influenza epidemic affected the whole
of Croatia. The average morbidity was 8.7%, but
in some communes it was very high; for instanee,
in Vis it was 68%, in Lastovo 42%, in Split 35%,
and in Pag 30%. Since the epidemic affected all
Croatia, it was reasonable to assume that most
people developed specific antibodies against the
strain A2/Zagreb/64, the causative agent of the
1964 epidemic.

In view of the results obtained by the cross-HI
test, indicating that the strain causing the 1965
Leningrad epidemic was antigenically related to the
strain A2/Zagreb/64, and assuming that in 1965
no other antigenic variant of the influenza A virus
was likely to appear, it was concluded that the
epidemic caused by the strain A2/Leningrad/65 or
any related strain was not likely to produce any
large-scale epidemic in Croatia.

In fact, from January to April 1965 only local
outbreaks of moderate intensity were recorded;
mostly, schoolchildren were affected. Serological
tests showed an increase in antibody titres against
influenza B virus. No acute infections due to
influenza A virus were verified serologically in any
patient.

Discussion and conclusions
The periodic occurrence of epidemics caused by

different types or subtypes of virus, as happened in
Croatia, is a generally accepted characteristic of
influenza.e,f Although this phenomenon has not
as yet been fully explained, the opinion prevails
that it is due to a continuous process in which both
the characteristics of the virus and the susceptibility
of the population play an important part. According
to this concept, the immunogenic condition of the
individual and of the surrounding population seem
to be the main factors in the appearance of new
antigenic variants and the regulation of the occur-
rence of influenza in a given area.9,h
On this basis it was possible for us to explain the

periodic appearance of epidemics of influenza in
Croatia. The epidemics caused by the type A virus
broke out at intervals of two or three years from
1950 until 1956; they were caused by strains of the
influenza Al subtype which did not differ much in
antigenic structure. Laboratory tests showed that
the epidemic in 1956 was caused by the Al virus;
as early as the following year, however, a large-
scale epidemic broke out caused by a new antigenic
variant-A2/Asia/57. Each year from 1957 to 1960,
epidemics varying in intensity were recorded, all of
which were caused by strains of the A2 subtype;
during these epidemics no viruses were isolated.
However, on the basis of an analysis of the strains
of influenza A2 virus circulating in other countries
at that time,' it is justifiable to assume that the
epidemics in Croatia also were caused by strains of
influenza A2 which in antigenic structure did not
differ from the strain isolated in 1957. The successive
occurrence of epidemics in 1957-60 could be ex-
plained by the lack of immunity in individuals and
in the surrounding population against the new
antigenic variant of the virus, which was sufficiently
virulent to produce infection and cause epidemics
as long as most of the population had not acquired
immunity against the new virus, which differed
greatly from previous strains.

e Francis, T. (1959). In: Rivers, T. M. & Horsfall,
F. L., ed., Viral and rickettsial infections of man, Philadelphia
& Montreal, Lippincott, p. 633.

f Friedman, E. A. (1964) J. Hyg. Epidem. (Praha), 8, 12.
g Zdanov, V. M. (1960). In: Zdanov, V. M., Solov'ev,

V. D. & Epshtein, F. G., The study of influenza, Washington,
D.C., US Department of Health, Education, and Welfare,
p. 510.

h WHO Expert Committee on Respiratory Virus Disease
(1959) Wld Hlth Org. techn. Rep. Ser., 170.

i Isaacs, A., Hart, R. J. C. & Law, G. (1962) Bull. Wld
Hith Org., 26, 253.
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From 1960 onwards the epidemics have recurred
at two-year intervals. The 1962 and 1964 epidemics
were caused by strains of influenza A2 which in
antigenic structure differed both from the strain
isolated in 1957 and from each other. Epidemics
caused by type B virus broke out at intervals of
three or four years (i.e., in 1951, 1955, 1959, 1962
and 1965). The longer interval between successive
influenza B epidemics both in Croatia and elsewhere
can be explained by the fact that antigenic variations
in the B virus are less frequent and less pronounced
than those in type A virus.

In 1965, when severe epidemics broke out in
several European countries and a decision had to
be made about vaccination, we attempted to predict
the likelihood ofan epidemic ofinfluenzaAin Croatia.
In 1964 the European countries most severely
affected by influenza A were Czechoslovakia, Great
Britain, Greece and Yugoslavia.1 Analysis of the
strains isolated in various parts of the world that
year showed that, except for four strains (one from
England, one from Switzerland and two from
Australia), all belonged to the same antigenic
variant whose prototype was isolated in England-
namely, A2/England/64.k The strain A2/Zagreb/64
isolated during the epidemic in Croatia also belonged
to this antigenic variant.
At the beginning of January 1965, an outbreak

of influenza A was recorded in Leningrad and other
towns in the North-west of the Soviet Union.c li
the same month epidemics broke out in East Ger-
many, Romania and France. In February the
epidemic spread to Sweden, Finland, Norway,
Poland, Hungary, Holland, Austria, Denmark,
Great Britain and Switzerland, and in March to
West Germany and Bulgaria. In most countries
there were dispersed, sporadic epidemics, localized
mostly in schools, the armed forces, or similar
collectives. Larger epidemics were recorded in
Europe that year only in the USSR, France, Sweden,
Norway and Switzerland.' Most of the viruses

i Communicable Disease Center (1964) Influenza sur-
veillance report No. 79, Atlanta, Ga., US Department of
Health, Education, and Welfare.

k Pereira, H. G., Pereira, M. S. & Law, G. (1964) Bull.
Wid Hlth Org., 31, 129.

1 Communicable Disease Center (1965) Influenza-respi-
ratory disease surveillance report No. 81, Atlanta, Ga.,
US Department of Health, Education, and Welfare, p. 16.

isolated in various parts of the world in 1965 re-
acted well to the antiserum prepared from the proto-
type strain isolated in 1964, indicating that the
viruses isolated in 1965 were antigenically closely
related to those isolated in 1964. The exceptions
were the strains A2/Moscow/1019/65 and A2/New
Jersey/3/65; it has not yet been determined whether
these strains differ in their antigenic structure from
other strains or whether simply their reaction to
antibodies was poor.m

It is worth emphasizing that minor localized
epidemics were observed in 1965 in the countries
which in 1964 were affected most (Czechoslovakia,
Great Britain, Greece, and Yugoslavia), whereas
the countries in which the epidemics of influenza
in 1965 were most severe (the USSR, Sweden,
Norway, Switzerland, and France) had no large-
scale epidemics in 1964.

All but a few strains of influenza A isolated in
various parts of the world in 1964 and 1965 were
closely related in antigenic structure, belonging to a
variant which appeared for the first time at the
beginning of 1964.k,m It therefore seems justifiable
to conclude that the epidemics in 1965 were the
results of a natural cyclical process observed in the
occurrence of the so-called postpandemic antigenic
variants of the virus in circulation.f

Since the epidemic of influenza A in 1964 had
affected the entire territory of Croatia, and the
strain causing the epidemic had been proved by the
cross-HI test to be antigenically closely related to
the strain isolated in Leningrad in 1965, it was
concluded that the existing immunogenic condition
of the population of Croatia, even without vaccina-
tion, would be a sufficient barrier to the develop-
ment of a large-scale epidemic.

* *
*
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