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SYNOPSIS

A total of 134 sera from Turkish persons without clinical history
of poliomyelitis were tested for poliomyelitis neutralizing antibody
by the tissue-culture neutralization test and 168 similar sera were
tested for complement-fixing antibody. With the neutralization test,
all sera of persons over 10 years old were found to contain antibody
against at least one type of poliovirus. The neutralizing antibody
level, however, decreased after the age of 20 years. Of the 65 sera
which could be tested by both methods, only half were positive in
both.

At the same time, the records of 218 poliomyelitis cases from
Ankara have been analysed; 132 cases were in the 0-5-year age-
group.

The results indicate that poliomyelitis is endemic in Turkey and
that it can still be appropriately called " infantile paralysis ".

Although there is some valuable evidence, such as hieroglyphs and
mummies with sequelae of poliomyelitis,7, 1' 1 to indicate the existence of
poliomyelitis in the Near East and Turkey for some thousands of years,
it is not thought that this disease is now an important public health problem
in those countries.

The aim of this paper is to present the results of a serological survey
of human sera collected in Turkey and an analysis of some 200 cases of
poliomyelitis that occurred in Ankara. Two serological tests-the comple-
ment-fixation and the tissue-culture neutralization tests-were used.

* This work was done in the Rocky Mountain Laboratory by permission of the director, Dr Carl L
Larson.

** The author was sponsored and granted a fellowship by the University of Ankara.
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Materials and Methods

Complement-fixation test

This test was done by a method developed by the author in the Rocky
Mountain Laboratory, and which may be described as follows:

Preparation of antigen. Trypsinized monkey-kidney cells were cultured
at 36°C for 10 days in 200-ml glass bottles containing 10-20 ml of growth
medium. This medium contained 80% HeLa cells maintenance solution
and 20% inactivated horse serum. The layers of cells which formed on
the submerged walls of the bottles were inoculated with approximately
10 000 TCID50 (tissue-culture infective doses) of virus contained in tissue-
culture fluid. Immediately before inoculation of the virus, the growth
medium was replaced by an equal quantity of medium containing the same
ingredients but with only 10% horse serum. After four or five days' further
incubation the cells were completely degenerated and all the fluids were
harvested and pooled. The infectious titre of this fluid was usually about
10-7 or higher. It was centrifuged for 10 minutes at 1000 revolutions per
minute in an International centrifuge equipped with angle head. The super-
nate was dispensed into small vials in 5-ml quantities, inactivated at 58°C
for 30 minutes, and then kept frozen at -25°C until use. If stored in this
way, the antigen could be used for three weeks.

This method was used for preparing antigens against all three types of
poliovirus, represented respectively by the Mahoney, MEF 1, and Saukett
strains.a All lots of antigen were titrated against type-specific monkey
sera, using the block titration method. One unit of antigen contained in
0.1 ml was used in the regular tests.

Sera. The sera were chosen to be representative of different age-groups
and localities in Turkey. They were inactivated before shipment to the
USA, because refrigeration en route was impossible.

Complement. Complement titrations were made by Dr David B.
Lackman in the serology department of the laboratory, using the method
of Mayer et al.5 Dr Lackman supplied us with standardized complement
as needed, and we adjusted the concentration to four 50% haemolytic
units per 0.1-ml amount.

Sheep cells and haemolysin. These two components were also supplied
by the serology department of the laboratory. A 2.5°% cell suspension
was mixed with haemolysin and the mixture incubated at 37°C in a water-
bath for 10 minutes before use. The sensitized cell suspension was distri-
buted in 0.1-ml amounts into each tube, with a final two units of haemolysin
per tube.

a Obtained from the Connaught Laboratories, Toronto, Canada, by the courtesy of the National Founda-
tion for Infantile Paralysis.
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Regular test. Sera were diluted 1:4 in saline containing CaCl2 and MgCl2
and reinactivated at 56°C for 10 minutes. The sera were further diluted
in such a manner as to provide four sets of serial twofold dilutions, starting
at 1: 4 and continuing through 1: 32. The final amount of diluted serum
in each tube was 0.1 ml. The first tube of the first set of dilutions was used
as serum control. To each of the three sets one of the three types of antigen
was added. Antigens were thawed in lukewarm water immediately before
use. Antigen and complement controls were included in each test, as were
type-specific monkey sera controls. 0.1 ml of complement was dispensed
into each tube. After fixation overnight at 4°C, 0.2 ml of sensitized cell
suspension was added. The results of the test were read after incubation at
37°C in a water-bath for 30 minutes. Results were recorded in the usual
way (0, +,++, +++, ++++), and +++ and ++++ were accepted
as positives.

Tissue-culture neutralization test

This test was carried out essentially according to the method described
by Salk, Youngner & Ward,10 the only differences being the use of a 1: 200
suspension of monkey-kidney cells instead of a 1:100 suspension and of
1.25 ml of 2.8 % sodium bicarbonate solution per litre of medium A (serum
virus diluent) instead of the 2.5 ml used by Salk and his colleagues. The
details of the technique will therefore not be given.

Sera. The sera to be tested were diluted to 1: 8 and inactivated at
56°C in a water-bath for 30 minutes, and then twofold dilutions, from
1: 8 to 1: 250, were prepared in Pyrex Wassermann tubes. Four sets of
dilutions were prepared, and the first set was used for toxicity controls and
the second, third, and fourth rows were used for viruses of types 1, 2, and 3
respectively.

The viruses in this test were the same as those mentioned above for
complement-fixation test, with 100-200 TCID50 added per tube. Regular
virus titrations, monkey type-specific serum controls, and low and high
titre human serum controls were included each time in the test.

Virus serum mixtures were kept for one hour at room temperature for
neutralization of the viruses. At the end of this neutralization period a
1: 200 dilution of packed trypsinized monkey-kidney cells suspension was
added to each tube, which was well stoppered and incubated at 36°C for
seven days. Final readings were made when the cell control tubes showed
a pH of 6.8 or below. a

In these tests, 0.25 ml of each ingredient was used.

Results

The results of the serological tests indicate that both complement-
fixing and neutralizing antibodies against all three polio virus types were
common among the Turkish people.
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TABLE II. RESULTS OF NEUTRALIZATION TEST ON 134 SERA
FROM TURKEY*

Age-group (years) Total

0-1 ~~~~~~~~~~~~~~atall
0-1 2-4 5-9 10-14 15-19 20-29 30 + ages

Number of sera tested 14 11 17 14 14 30 34 134

number 0 2 2 0 0 1 1 5
Sera positive I_i
for type 1 fotp1% 0 18 121 0 0 0 3 4

number 1 0 1 2j 7
Sera positive 2 2
for type 2 0 1 0 6 I

% 7 0 12 14 O 0 6 5

number 3 2 0 0 0 1 0 6
Sera positive
for type 3

% 21 18 0 0 0 3 0 4

number 2 12 3 1 0 0 2 110
Sera positive
for types 1 + 2

% 14 18 18 7 0 0 6 7

I number 1 0, 0 0 2 1 1
Sera positive
for types 1 +3I % 7 0 0 0 14 3 3 4

number 1 1 1 6' 1 1 3' 14
Sera positive
for types 2+ 3

%o 77 9 6 43 7 3 9 o10
I

number 4 1 8 5 11 27 25 81
Sera positive
for types l +2 + 3

r% 29 9 47 36 79 90 74 60

Ng anumber 2 3 1 o0 0 0 6

Qo 14 27 6 0 0 0 0 4

Sera positive for type number 7 5 13 6 1 3 28 29 1il
(alone and combined l
withtypes2,3, or both) ' 0% 50 46 76 43 93 193 85 83

Sera positive for type 2 number 8| 4 14 14 12 128 32 112
(alone and combined - I
with types 1, 3, or both) % 57 36 82 100 86 93 94 84

Sera positive for type 3 number 9 4 9 11 14 30 29 106
(alone and combined'

| withtypes 1, 2, or both) % 64 36 153 79 100 100 85 79

* Poliomyelitis cases excluded.
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The complement-fixation test was carried out on 168 of 237 sera and
the neutralization test on 134 sera; only 65 sera could be tested by both
methods.

It is evident from Table I that percentages of positive sera are very
high for both neutralizing antibodies and complement-fixing antibodies.
For neutralizing antibody, the average titres have been calculated only
for sera showing a titre of less than 1/512. The sera of persons with a
history of a poliomyelitis attack or with suspected poliomyelitis have
been excluded.

Dilutions of 1: 63.8, 1: 70.6, and 1: 44.16 have been calculated as the
average titres for type 1, type 2, and type 3 neutralizing antibodies respec-
tively. The scatter of the distribution of titres around the means was found
to range within ± 1.49 standard deviation of the dilution factor for
type 1 and + 1.57 for type 2 and ± 1.56 for type 3 antibodies.
A complete tabulation of percentages of the neutralization test results

for polioviruses of types 1, 2, and 3 or their combinations in specific age-
groups is given in Table II. It is interesting to see that percentages
of negatives for neutralizing antibodies for all three types are 14 at 0-1 years,

FIG. 1. AVERAGE TITRES OF POLIOMYELITIS NEUTRALIZING
ANTIBODIES IN SERA FROM TURKEY, BY AGE-GROUP *

A= Type 1
* Negatives included
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27 at 2-4 years, and 6 at 5-9 years, and that there are no negatives in the
age-groups 10 years and over.

Fig. 1 indicates that the neutralizing antibody level increases rapidly
in the 0-5 and 6-10 age-groups, and decreases in the age-groups 20-35
and over against all three types of poliovirus.

FIG. 2. PERCENTAGES OF TURKISH SERA POSITIVE OR NEGATIVE FOR
POLIOMYELITIS NEUTRALIZING ANTIBODIES, BY AGE-GROUP

100 A 100

80 B 80

*60 60

C0 -

: A4

0 L

0 1 4 9 14 19 29 30+
Ag. (years) WHO 6293

A = Positive for at least one type (types 1, 2, and 3 alone or in combination)
B = Positive for types 1, 2 and 3
C = Positive for two types
D = Positive for one type only
E = Negative for all types

Percentages of sera positive (or negative) for neutralizing antibodies
against at least one type of virus and combinations of types are summarized
in Fig. 2. It is interesting that the curve of negatives reaches zero at the
10-14 age-group and that of positives against only one type reaches zero at
the 15-19 age-group. On the other hand positives against all three types
increase very rapidly after the 10-14 age-group. The curve representing
positive sera against at least one type shows a strikingly high percentage
in the 0-1 age-group, followed by a limited drop in the 0-4 age-group,
then reaching 95% in the 5-9 age-group and 100% in the 10-14 age-group.
The drop in the 2-4 age-group is probably due either to chance or to the
drop in antibody levels acquired from the mother; however, the small
amounts of sera tested did not allow of further speculation.

The percentages for both complement-fixing and neutralizing anti-
bodies against each of the three polioviruses are shown in Table III.
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Owing to the shortage of materials and time, it was not possible to
test all the sera with. both methods; the neutralization test was carried
out on both younger and older age-groups and the complement-fixation
test largely on the older groups. As shown in Table III, the percentages
of sera positive for each type were found to vary considerably from one
age-group to another in both tests.

The percentage of sera showing a reaction of ++ or higher among all
sera tested for complement-fixation was calculated for each type and
found to be 97% for type 1, 70% for type 2, and 70% for type 3. On
the other hand, as seen in Table III, in which only sera reacting ± ± +
or ++ + + are taken as positive, 73 % were found positive for type 1, 58%
for type 2, and 72% for type 3.

In the neutralization test, among all sera showing at least a + reaction,
87% reacted +++ or ±+++ to type 1, 92% to type 2, and 88% to
type 3.

TABLE IV. COMPARISON OF TISSUE-CULTURE NEUTRALIZATION TEST AND
COMPLEMENT-FIXATION TEST FOR POLIOMYELITIS ON 65 SERA

Type Type 1 Type 2 Type 3

TCNT TCNT TCNT TCNT TCNT TCNT TCNT TCNT TCNT TCNT TCNT TCNT
Test + - + - + - + + - + -

CFT+ CFT- CFT-| FT± CFT+C FT- CFT-j CFT+ CFT+ CFT- CFT-| CFT+

Number

tested 30 3 26 630 3 29 3 41 1 18~ 5

TCNT = Tissue-culture neutralization test CFT = Complement-fixation test

As mentioned above, 65 sera were tested by both methods; the results
are given in Table IV. Only 500% of these sera were found positive in both
tests, and a large proportion were found positive for the neutralization
test but negative for the complement-fixation test. All the sera negative
for all three types of virus in the neutralization test were also negative
in the complement-fixation test; while Table IV shows some reactions
negative in the neutralization test and positive in the complement-fixation
test, these are the results of group reactions.

Many authors have previously reported that the complement-fixation
test gives type-specific results with monkey sera only and that group
reactions are common with human sera. The author has shared in the work
which was done in the Rocky Mountain Laboratory for testing the sera
obtained from people of the Pribilof Islands in Alaska, in which an epidemic

23
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of poliomyelitis due to type 3 virus occurred in 1954. The sera obtained
from cases and contacts were found positive for type 3 neutralizing anti-
bodies only. Twelve of them were tested for complement-fixing anti-
bodies and the results, which are indications of group reactions, are shown
in Table V.

TABLE V. GROUP REACTIONS IN COMPLEMENT-FIXATION TESTS
ON 12 SERA FROM PRIBILOF ISLANDS, ALASKA

Number Complement-fixation titre Neutralization titre
Method used of sera

tested
type 1 type 2 type 3 type 1 type 2 type 3

Sera tested with live 1 64 N.D. > 128 0 0 128

virus antigen 2 64 N.D. >128 0 0 512

1 64 N. D. >128 0 0 2048

Sera tested with in- 1 tr tr >32 0 0 512

activated antigen 1 8 8 >32 0 0 2048

1 8 16 >32 0 0 2048

2 8 8 >32 0 0 8192

3 0 0 0 0 0 0

N.D. = Not done tr = Trace fixation

All the sera having type 3 antibodies reacted with types 1 and 2 antigen
in lower titres, especially with inactivated antigens. The sera were not
tested for higher titres. Similar results were obtained with 37 sera from
American children who were being tested for the Salk vaccine evaluation
programme. Five of them were found negative for both the tests, and none
of them was found positive for the complement-fixation test but negative
for the neutralization test. Different monkey sera, which were prepared
in this laboratory or elsewhere, were all, with one exception, found type-
specific in the complement-fixation test without having group reactions.

According to Melnick and collaborators,4 complement-fixing polio-
myelitis antibodies can last about one year. This fact may partly explain
why the percentages of positives for complement-fixing antibodies and their
titres are so low. But the question arises why there should be positive
reactions with the complement-fixation test in the higher age-groups, which
should be mostly negative. The answer may well be that maintenance of
complement-fixing antibodies at a high level occurs through repeated expo-
sures to virus which is constantly present in the environment in endemic
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areas; although, of course, reinfections with definite clinical manifestations
of illness are not to be expected in a population with a high level of circulat-
ing antibody. Alternatively, the complement-fixing antibodies may be
residual antibodies from infection in childhood; if that is the case, one
has to assume that they last several years rather than one or two. In this
connexion, we have been able to test a limited number of sera with unpurified
antigens and sera from people with an uncertain medical history, but our
results are inconclusive.

Table VI has been prepared to compare type 2 (Lansing) antibodies
in the blood of people living under different conditions in two cities and
two countries-Cairo and Charleston, S.C., and Israel and Turkey, respec-
tively. There is only a very limited resemblance between conditions in
those places; and it is evident that there is a great difference between the
people living in Charleston and the people of Turkey, Israel, and Cairo.
The average percentage of positives for type 2 antibodies in the age-group
2-4 years in Turkey is about twice that of the corresponding group in
Charleston and almost equal to that of Cairo, while the figure for Israel
falls between the two. The big variations in the age-groups 0-2 years are
probably due to the relatively small numbers of sera tested.

Analysis of Poliomyelitis Cases

The author has been supplied with short records of poliomyelitis cases
admitted to three clinics in Ankara. Of the 218 patients for whom records
were obtained, 132 were 0-5 years of age and the rest of them were over
5 years old or adult patients with old poliomyelitis sequelae, who were
admitted to the Orthopaedic Clinic of the Ankara University School of
Medicine for surgical or orthopaedic treatment.

Early diagnosis of an acute poliomyelitis case prior to paralysis is very
rare in Turkey, and non-paralytic cases are usually missed and treated
under other names. Therefore, actual treatment for poliomyelitis in phy-
sical therapy clinics may not start until after the onset of paralysis which
leads to a definite diagnosis of poliomyelitis; this, of course, may mean
a delay of weeks or sometimes of months. However, we have records of
patients in the age-group 0-5 years with known dates of acute illness which
permit us to make comparisons with the age distributions of poliomyelitis
cases in other countries. The adult groups of patients having a history of
an acute poliomyelitis attack one to five years prior to their admission
to the particular hospitals are also included in Table VII, because they
are the record of infections in older persons, although they lower the
percentages for the 0-5 age-group. Table VII shows the percentages of
poliomyelitis cases by age-group in Turkey and, for comparison, in other-
parts of the world.
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TABLE VI. TYPE 2 (LANSING) NEUTRALIZING ANTIBODIES IN TURKEY,
ISRAEL, CHARLESTON, AND CAIRO *

Turkey Israel a Charleston b Cairo c

Age-group sera percent- sra percent- percent- sera percent-(years) sera age tsteda ag sera ae sr
gtested tested tested age tested agiiepositive positive positive postv

<1 301 13 Not 25 25 26
1 4 12 75 5912820 given 28 55 46

1 29
59

28 ~~~~~~~~3030 65

2 30 143 35 34 791

3 29 f 69 40 ~ 19( 9
15 87 119 66 543 169 986

4 301 73\ 1531 161 090(
5 130 ~ 77 -I -,

6-9 13 92 60 92 55 37 90

10-14 11 91 60 95 58 30 93

15-29 42 95 84 94 70 7 95

30 1+ 34 94 10 100 90 27 96

* Only Turkish sera were tested with the tissue-culture neutralization test; the other figures
represent mouse neutralization test results.

a Figures taken from Bernkopf & Levine 1
b Figures taken from Melnick, Paul & Walton
c Figures taken from Paul et al.'

Discussion

Every year in Turkey a few cases of poliomyelitis are reported; the
10 years' average was 12 for the years between 1939 and 1949, and 12 cases
were reported in 1950, 27 in 1951, 71 cases in 1952 and 32 cases in 1953.
The available data have been summarized in Table VIII, together with those
for certain other countries for comparison. It is clear that the figures for
Turkey are very small for a country having a population of 25 000 000.

There is a belief that poliomyelitis is not a public health problem in
this country; this arises from the fact that no epidemic of poliomyelitis is
known to have occurred in Turkey. The situation is similar in the near or
neighbouring countries, such as Yugoslavia 6 or the USSR.12

Yearly reporting of poliomyelitis cases was around 13-15 cases in Egypt
until the work of Paul et al. in 1952.8 They were able to find 450 cases in
Cairo, and the following year some 550 cases were reported, probably
owing to better reporting. Yekutiel et al.3 clearly demonstrated the differ-
ence in the occurrence of poliomyelitis between the native and the immigrant
population in Israel.

Although poliomyelitis is a notifiable disease in Turkey, failure of
physicians to report cases of the disease is a common occurrence. As
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TABLE Vil. PARALYTIC POLIOMYELITIS REPORTED OVER A FIVE-YEAR
PERIOD IN TURKEY AND ELSEWHERE*

Total 1949 1950 1951 1952 1953
population Cou ntryIII
(millions) cases deathsl cases|deaths cases deaths cases deaths cases deaths

24.5 Turkey 13a 3 12 1 27 1 71 9 32 2

6.0 Austria 784 105 160 29 414 66 200 39 529 49

21.0 Egypt 13 9 8 1 18 12 260b 23 551 b 32

6.5 Greece 278 1 1 374c 13 291 16 55 3 140 4

1.6 Israel 130 1604d 202 918 177 874 163 637 124

45.0 Italy 2270 265 2035 203 2867 233 2708 246 4995

2.0 Lebanon 5 3 5 58 24

20.0 Yugoslavia 169 20 104 16 299 18 128 10 603 25

* Figures taken from Freyche, Payne & Lederrey 3

No information available
a This figure represents the average for the 10-year period 1940-1949.
b There were no epidemics in Egypt in 1952 and 1953, the higher figures for those years simply

indicating better reporting following the work of Paul et al.'
c A poliomyelitis epidemic occurred in Athens.
d An epidemic occurred among recent Jewish immigrants.

mentioned above, non-paralytic cases are also rarely diagnosed. In addition,
there are many thousands of villages in which few or no medical services
are available. The death-rates of children, and particularly infant death-
rates, in those villages are very high. Of the children who die from undiag-
nosed diseases, some are probably the victims of poliomyelitis. Beggars
constitute an unsolved problem in the larger cities in Turkey and, in fact,
in all the cities throughout the Middle East and Mediterranean area; many
of them are cripples, some undoubtedly having been affected with polio-
myelitis in earlier years.

We were not able to examine large numbers of sera in the age-group
0-5 years to determine the actual rates of infection with the three types of
poliovirus. And, indeed, many questions concerning the value of circulating
antibodies in infants in protecting them from infection with poliovirus still
await an answer. Do these antibodies in fact play an important role in
children who escape paralytic poliomyelitis? Is there a difference in the
virulence of the strains of poliovirus prevalent in the better and the less
developed countries; and, if so, are the presumably less virulent viruses in
Turkey important in determining the course and epidemiology of polio-
myelitis there? Again, do yet other, unknown, factors make for the preven-
tion of paralysis in countries where the disease is thought to be endemic?
Much research is still needed to answer these questions. The author is
making a serological survey, similar to the one described here, for Dhahran,
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Saudi Arabia, where much the same situation as in Turkey has been
observed. In Greece and Thailand poliomyelitis epidemics have recently
been reported which also raise numerous problems, for it is not easy to
explain how such epidemics occurred in those countries, where the way of
life has changed little in recent years and where there has been no significant
rise in the standard of living to bring about an improvement in the state
of hygiene.

To sum up, we may say from the results given above that poliomyelitis
is endemic in Turkey and that is can still be appropriately called " infantile
paralysis"; its endemicity seems to be similar to that shown by other
investigators to prevail in Egypt, Malta and Israel.
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RESUME

L'auteur a cherche a deceler les anticorps poliomyelitiques dans les serums d'habi-
tants de la Turquie n'ayant jamais presente de sympt6mes de poliomyelite, afin d'etablir
dans quelle mesure la maladie etait endemique dans le pays. On a soumis 134 serums
au test de neutralisation sur culture de tissu et 168 a l'epreuve de fixation du complement.
Un pourcentage tres eleve de serums ont reagi positivement soit a l'un soit a l'autre test.
Le niveau des anticorps pour les trois types de virus augmente rapidement dans les
groupes d'age de 0-5 ans et de 6-10 ans, et decroit dans le groupe de 20-35 ans.

Par ailleurs, les fiches medicales de 218 cas de poliomyelite traites dans les h6pitaux
d'Ankara ont ete analyses par l'auteur et classes par groupe d'age, afin de comparer la
repartition par age des cas cliniques et celle des sujets serologiquement positifs n'ayant
pas presente de symptomes cliniques.

En Turquie, la moyenne annuelle des cas declares au cours de la periode 1939-49 et
en 1950 a et de 12. Compare a celui d'autres pays, ce chiffre est tres bas. On n'a jamais
signale d'epid6mie en Turquie. I1 faut relever cependant que dans ce pays, les cas non
paralytiques sont rarement diagnostiques. Dans les villages oil les soins medicaux sont
precaires ou nuls et oiu la mortalite infantile est elevee, il est probable que des cas mortels
de poliomyelite ne sont pas reconnus comme tels. D'autre part les sequelles de la polio-
myelite sont une des causes d'infirmite qui ont reduit it la mendicite un groupe de popu-
lation qui pose un probleme medico-social dans les grandes villes de Turquie et du bassin
mediterraneen. L'auteur conclut que la poliomyelite est endemique en Turquie, bien
qu'elle n'y constitue pas un probleme de sant6 publique. L'endemicite est a peu pres
de la meme intensit6 qu'en Egypte, ia Malte et en Israel.
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