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Prevalence of Salmonella Agglutinins among the
Population of a Non-epidemic and an Epidemic Area

in South-western Finland
E. KAARSALO1

Although very few of the salmonellae are encountered in Finland, epidemics of salmo-
nellosis are not infrequent. The purpose of the study reported in this paper was to establish
to what extent the Widal reaction might facilitate the diagnosis of typhoid and enteric
fever.

Sera were collected in two areas of south-western Finland: from the population of a
non-epidemic area, andfrom that of an epidemic area during an epidemic and two years
later.

In the non-epidemic area, Salmonella agglutinins were rarely encountered, but they were
abundant in the epidemic area, as expected. Two years after the epidemic, only slightly
raised 0 agglutinin titres were observed. In persons vaccinated at least 12 months before
the start of the study, the 0 agglutinin titre was not increased, butH agglutinins werefound
in high titre 11-15 years after vaccination.

The author concludes that the Widal reaction may be of considerable diagnostic
assistance, particularly in the light of the patient's past history of Salmonella infection and
prophylaxis and of his place of residence. Even in the absence of information on these
factors, the occurrence of 0 agglutinins is ofdiagnostic importance.

Agglutinin titres are known to vary according to
the prevalence in a territory of infections caused by
the salmonellae or due to vacccination against these
infections. In the present investigation, the pre-
valence of Salmonella agglutinins was studied in the
populations of an epidemic and a non-epidemic
area in south-western Finland, in the light of the
effect of previously sustained salmonellosis and of
the effect of vaccination.

TECHNIQUE

The following antigens were used for determina-
tion of serum agglutinins in the form of alcohol-
killed suspensions from agar plates of:

Species Representing

Salm. typhimurium 0 antigen group B (somatic 1,
4, 5, 12)

Salm. montevideo 0 antigen group C (somatic 6, 7)
Salm. enteritidis 0 antigen group D (somatic 1,

9, 12)
Salm. typhi Vi 1 Vi antigen

I Department of Medical Microbiology (Head: Pro-
fessor Eero Mustakallio, M.D.), University of Turku,
Finland.

The following were in the form of formolized
broth suspensions:

Species Representing

Salm. choleraesuis,
rough variant Flagellar antigen c

Salm. hvittingfoss Flagellar antigen b
Salm. typhi Flagellar antigen d
Salm. montevideo Flagellar antigen g, m, s
Salm. dublin Flagellar antigen g, p
Salm. kentucky Flagellar antigen i
Salm. senftenberg

var. puerto-rico Flagellar antigen 1, 2

In the preliminary test, using 0 suspension, the
serum dilution was 1:20, with an additional serum
dilution of 1: 10 for samples from the epidemic
area. If agglutination was noted in dilution 1: 20,
titration was carried out in geometrical progression
from I: 40 to 1: 1280. Incubation was, in accord-
ance with Faarup (1937), for 20 hours at 50°C.
With H suspension, the initial dilutions were 1 :10
and 1: 80. When required, titration was effected
in geometrical progression from 1: 100 to 1: 51 200.
The incubation period was 2 hours af 37°C (Faarup,
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1937). The total volume of the agglutinating
mixture was 1 ml.

Readings were taken with the naked eye within
10 minutes after removal of the tubes from the
water-bath. Artificial light and a dark background
were used.
Two years after starting the investigation, all the

available subjects examined were sent a question-
naire containing three questions: (1) Had the ad-
dressee been vaccinated against salmonellosis?
(2) Had he ever had typhoid fever or paratyphoid
fever? (3) Had he ever had any unidentified febrile
disease or febrile diarrhoea? For affirmative answers,
dates were requested.

In Finland, Salmonella vaccines prepared from
Salm. typhi, Salm. paratyphi B, and Salm. typhi-
murium strains are used. When Salmonella vaccina-
tion is spoken of in the present paper, the vaccines
mentioned are concerned.

Cultures were made of faecal samples in selenite
broth, and bacteriological examination was carried
out using the technique described by Gr6nroos
(1953).
The results of the positive agglutination reactions

are given as percentages in the tables. For compari-
son, the significance of the results was assessed by
the x2 test (Fisher & Yates, 1957). To indicate the
significance of the deviations, the values in the tables
are marked with one or two asterisks indicating:

*: 0.01 < P < 0.55
P < 0.01

RESULTS

Sera from non-epidemic area

Of the Wassermann specimens routinely submitted
by the Turku County Hospital, 422 were tested for
agglutinins. Specimens sent by the Epidemic
Hospital were not examined so as to avoid the sera
of patients hospitalized for suspected salmonellosis.
In other respects the material was not selected in
any way.
Completed questionnaires were received from

224 persons. It appeared that 49 had been vaccinated
against salmonellosis, 12 had had salmonellosis,
and 27 had had an unidentified febrile disease or

febrile diarrhoea. Negative answers to all three
questions were given by 136 correspondents, and
the results of the tests on their sera are given in
Table 1. The prevalence of 0 and H agglutinins,
classified according to their titre level, is shown in
Table 2.

TABLE 1
PREVALENCE OF AGGLUTININS IN 136 SERA FROM

ANAMNESTICALLY NEGATIVE,
UNVACCINATED INDIVIDUALS FROM THE

NON-EPIDEMIC AREA

Salmonella Percentage positive in dilution:

1:20 1:40 1:80 1:160
or higher

Somatic group B 14.7 2.9 0.7 0

Somatic group C 2.2 0 0 0

Somatic group D 3.7 0.7 0 0

vi 0 0 0 0

1:10 1:80 1:100 1:200
or higher

Flagellar b 7.4 0.7 0 0

Flagellar c 0.7 0 0 0

Flagellar d 2.9 0 0 0

Flagellar g,m,s 2.9 0 0 0

Flagellar g,p 7.4 0.7 0 0

Flagellar i 24.3 2.2 0 0

Flagellar 1,2 9.6 4.4 0.7 0

In the anamnestically negative persons, the fre-
quency of 0 agglutinins in serum dilutions 1:40 or
greater and of H agglutinins in serum dilutions
1: 80 or greater was very low. In the unselected
material (Table 3), the frequency of high titres was
also low and no significant differences were noted.

TABLE 2
PREVALENCE OF 0 AND H AGGLUTININS,
CLASSIFIED ACCORDING TO TITRE LEVEL,

IN ANAMNESTICALLY NEGATIVE,
UNVACCINATED SUBJECTS FROM THE NON-EPIDEMIC

AREA

Agglutinin Titre Number ] Percentage

0 < 1: 40 132 97.1 1.4

= 1: 40 3 2.2 1.3

>1:40 1 0.7±0.7

H < 1:80 125 91.9 2.3

=1:80 10 7.4±2.2

> 1: 80 1 0.7 0.7
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TABLE 3
PREVALENCE OF AGGLUTININS IN 208 SERA

FROM PERSONS FROM THE NON-EPIDEMIC AREA a

Salmonella Percentage positive in dilution:
antigen

1:20 1:40 1:80 1:160
or higher

Somatic group B 15.4 2.4 1.0 0

Somatic group C 0 0 0 0

Somatic group D 1.5 0 0 0

Vi 1.0 1.0 0.5 0

1:10 1:80 1:100 1:200
or higher

Flagellar b 8.2 2.9 1.5 0

Flagellar c 0 0 0 0

Flagellar d 4.3 0.5 0 0

Flagellar g,m,s 2.9 0 0 0

Flagellar g,p 5.8 0 0 0

Flagellar 16.9 1.9 1.0 0

Flagellar 1,2 6.3 2.4 1.9 1.5

a Compared with Table 1.

Each subject of the series in which agglutinins
were observed in the specimens was asked to submit
three faecal samples at two-day intervals. Samples
were received from 88 persons. All the samples of
87 of these were negative for salmoneilae and
shigellae, but Salm. paratyphi B was isolated from
two samples from a woman, a baker by profession,
whose third sample was negative. The dilution
1: 10 contained b agglutinins, while none of the
other agglutinins studied was observed. According
to the questionnaire, she had not been vaccinated
against salmonellosis, and to her knowledge she
had never had typhoid or paratyphoid fever. Occa-
sionally she had had fever and diarrhoea, but she had
never consulted a doctor for these disorders.
A Vi agglutinin titre of 1: 80 was recorded in only

one person, who, unfortunately, could not be traced
for further examination.

Sera from epidemic area
Paratyphoid B fever seems to occur frequently at

Loimaa, in south-western Finland. An epidemic,
spread by milk, broke out in the autumn of 1955,
and 438 people contracted the disease. A river with

numerous dwelling-houses on either gently sloping
bank flows through the Loimaa district. The
epidemic started owing to a farmer's wife, who
tended the cattle, using river water in her home for
various purposes. The wife and her son fell ill, and
the infection spread rapidly with the milk from the
farm.
The prevalence of agglutinins in the samples of

the unselected material from the epidemic area is
shown in Table 4. In this series, 46 subjects (11.6 %)
had bacteriologically diagnosed paratyphoid B
fever; 61 (15.4%) reported that they had had the
disease. A high frequency of agglutinins B, b, and
1, 2, corresponding to the pathological agent, was
verified, as expected. Negative replies to all three
parts of the questionnaire were received from
149 people. The prevalence of agglutinins noted in
their sera is shown in Table 5. Agglutinins corres-
ponding to Salm. paratyphi B antigens were signifi-
cantly more frequent than among the anamnesti-
cally negative persons of the non-epidemic area.
On comparison of the two series, the difference
between b agglutinins in dilution 1: 10 was signifi-

TABLE 4
PREVALENCE OF AGGLUTININS IN 395 SERA FROM
PERSONS FROM THE EPIDEMIC AREA DURING

THE EPIDEMIC a

Salmonella antigen Percentage positive in dilution:

1:10 1:20 1:40 1:80 1:160

or higher

Somatic group B 27.1 21.0 4.6 2.5 0.5

Somatic group C 9.5 1.3 0 0 0

Somatic group D 1.8 1.8 0.3 0 0

Vi 0 0 0 0 0

1:10 1:80 1 :100 1:200 1: 400
or higher

Flagellar b 32.8* 17.5** 14.4** 11.9** 8.4**

Flagellar c 1.8 0.8 0.3 0 0

Flagellar d 5.3 3.3 2.5 1.0 0.8

Flagellar g,m,s 4.8 2.3 1.5 0.8 0

Flagellar g,p 11.7 7.1 3.8 2.3 0.3

Flagellar 36.2 7.1 3.8 0.8 0

Flagellar 1,2 23.6 9.4 7.7 4.8 2.5

a Compared with Table 5. For explanation of asterisks, see
the text.
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cant, and that between 1,2 agglutinins in dilution
1: 10 almost significant.
Thanks to the understanding and invaluable help

of the County Medical Officer, sera of 204 of the
persons previously examined were obtained for
testing two years later. The results are given in
Table 6. In this series, 33 (16.2%) had had bacterio-
logically diagnosed paratyphoid B fever. On com-
parison of the frequency of H agglutinins in the
samples of the anamnestically negative population
of the epidemic area and the mentioned 204 persons,
it was observed that the frequency was significantly
higher in the low serum dilutions of the latter, owing
to previous salmonellosis and to vaccination.
Similarly, the frequency of B agglutinins was
significantly higher, and that ofD agglutinins almost
significantly higher.

In Table 7, the occurrence of H agglutinins b,
i and 1,2 in the sera of the anamnestically negative
population of the epidemic area, two years after
the epidemic, is compared with that in the population
of the non-epidemic area. It was observed that, in
the former, the frequency of these agglutinins was

TABLE 5
PREVALENCE OF AGGLUTININS IN 149 SERA FROM

ANAMNESTICALLY NEGATIVE, UNVACCINATED
INDIVIDUALS IN THE EPIDEMIC AREA DURING THE

EPIDEMIC a

TABLE 6
PREVALENCE OF AGGLUTININS IN 204 SERA FROM
PERSONS FROM THE EPIDEMIC AREA TWO YEARS

AFTER THE EPIDEMIC a

Salmonella antigen J Percentage positive in dilution:

1:10 1:20 1:40 1:80 1:160
or higher

Somatic group B 38.2** 12.7 0 0 0

Somatic group C 6.9 2.9 0.5 0 0

Somatic group D 5.9 2.0 0.5 0 0

vi 0 0 0 0 0

1:10 1:80 1 :100 1: 200 1:400
or higher

Flagellar b 38.7** 9.3 2.5 1.0 1.0

Flagellar c 0.5 0.5 0 0 0

Flagellar d 26.0** 5.9* 2.5 1.5 0.5

Flagellar g,m,s 0 0 0 0 0

Flagellar g,p 8.3 1.0 1.0 0 0

Flagellar 50.0** 6.4 2.0 0 0

Flagellar 1,2 29.0* 5.4 2.0 0.5 0

a Compared with Table 5. For explanation of asterisks,
see the text.

Salmonella antigen Percentage positive in dilution:

1:10 1: 20 1: 40 1: 80 1:160
or higher

Somatic group B 23.5 13.4 4.7 2.0 0.7

Somatic group C 10.1 0.7 0 0 0

Somatic group D 1.3 1.3 0 0 0

vi 0 0 0 0 0

1:10 1: 80 1 :100 1 : 200 1: 400
or higher

Flagellar b 21.5** 8.0 5.4 4.0 1.3

Flagellar c 2.0 1.3 0.7 0 0

Flagellar d 2.0 0.7 0.7 0.7 0.7

Flagellar g,m,s 2.7 0.7 0.7 0.7 0

Flagellar g,p 11.4 6.0 2.7 2.0 0.7

Flagellar 33.6 4.7 2.7 0.7 0

Flagellar 1,2 18.2* 4.7 2.7 2.0 0.7

a Compared with Table 1. For explanation of asterisks,
see the text.

higher in serum dilution 1 : 10; the differences were
significant. Co-agglutination was probably the cause
of the significant difference in the occurrence of i
agglutinins in dilution 1 : 10.
The subjects who had had bacteriologically

diagnosed paratyphoid B fever two years previously
revealed, as seen from Table 8, a higher frequency
of the H agglutinins corresponding to the bacterium
responsible for the disease than that of the anamnesti-
cally negative, even in high serum dilutions. No
difference was observed in the frequency of0 aggluti-
nins.

Sera of persons vaccinated against salmonellosis
The series examined were from 102 people vacci-

nated against salmonellosis but otherwise anamnesti-
cally negative. Table 9 shows the occurrence of
flagellar and somatic agglutinins noted in the
different serum dilutions. When the results were
compared with those of the anamnestically negative
from the non-epidemic area, it was observed that no
significant differences occurred when somatic anti-
gens were used. When flagellar antigens were used,
the vaccinated persons in the group 1-5 years after
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TABLE 7
PREVALENCE OF AGGLUTININS TWO YEARS AFTER THE

EPIDEMIC IN 81 SERA FROM ANAMNESTICALLY
NEGATIVE, UNVACCINATED INDIVIDUALS

OF THE EPIDEMIC AREA a

Salmonella antigen f Percentage positive in dilution:

1:10 1:20 1:40 1:80 1:160
or higher

Somatic group B 38.3 11.2 1.2 1.2 0

Somatic group C 4.9 2.5 1.2 0 0

Somatic group D 3.7 1.2 0 0 0

vi 0 0 0 0 0

1:10 1:80 1:100 1:200 1:400
or higher

Flagellar b 21.0** 2.5 0 0 0

Flagellar c 0 0 0 0 0

Flagellar d 9.9 0 0 0 0

Flagellar g,m,s 6,2 0 0 0 0

Flagellar g,p 9.9 2.5 2.5 0 0

Flagellar I 45.7** 6.2 2.5 0 0

Flagellar 1,2 27.2** 3.7 1.2 0 0

a Compared with Table 1. For explanation of asterisks,
see the text.

TABLE 8
PREVALENCE OF AGGLUTININS IN 207 SERA FROM
PERSONS FROM THE EPIDEMIC AREA WHO, TWO YEARS
PREVIOUSLY, HAD HAD BACTERIOLOGICALLY VERIFIED

PARATYPHOID B FEVERa

Salmonella antigen Percentage positive In dilution:

1:10 1:20 1:40 1:80 1:160
or higher

Somatic group B 32.4 8.2 1.0 0.5 0

Somatic group C 2.4 2.4 0 0 0

Somatic group D 2.4 0.5 0.5 0 0

vi 0 0 0 0 0

1:10 1:80 1 :100 1: 200 1:400
or higher

Flagellar b 44.0** 12.5* 5.8 4.3 3.4

Flagellar c 1.0 0.5 0 0 0

Flagellar d 9.6 4.8 1.4 0.5 0.5

Flagellar g,m,s 1.0 0 0 0 0

Flagellar g,p 2.4 0 0 0 0

Flagellar 31.9 4.3 0.5 0 0

Flagellar 1,2 25.6 10.2 5.8 1.4 0

a Compared with Table 7. For explanation of the asterisks,
see the text.

TABLE 9
PREVALENCE OF AGGLUTININS IN PERSONS VACCINATED

AGAINST SALMONELLOSIS COMPARED WITH THE PREVALENCE IN UNVACCINATED
PERSONS

Percentage positive a

Salmonelna Dilution Years from vaccination
vaccinated 1-5 6-10 11-15 > 15

Somatic 1:20 15 18 40 17 0

1:40 2 2 0 14 0

1:80 0.7 0 0 2 0

Flagellar 1:10 40 94** 100* 62 20

1:80 7 40** 40 14 0

1 :100 0.7 22 0 5 0

1 :200 0 8 0 0 0

1 :400 0 2 0 0 0

Number of sera tested 136 ] 50 [ 5 j 42 5

a For explanation of asterisks, see the text.

8
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vaccination had more agglutinins in serum dilutions
up to 1: 80; the differences were significant. In the
groups 6-10 and 11-15 years after vaccination, the
differences in serum dilution 1: 10 were almost
significant.

Salmonella carriers after the epidemic
From each of the 245 people who had had bacterio-

logically diagnosed paratyphoid B fever during the
Loimaa epidemic of 1955, three faecal samples taken
at two-day intervals were available for examination
two years later, and Salm. paratyphi B was isolated
from the samples of nine persons (3.7% ±1.2 %).
Three of these nine had previously been registered
as permanent carriers. Salm. paratyphi B was
isolated from only one sample out of the three of
the remaining six.
Two years after the epidemic, faecal samples

were also obtained from the 165 persons who, during
the epidemic, had had agglutinins in the serum
dilution I:10 or more, but whose findings on
culture remained negative. Salm. paratyphi B was
isolated from one sample of one person (0.6%±
0.6%).
No agglutinins were observed in the sera of two

of the carriers, five had H agglutinins in dilution
1: 10 only, one in dilution 1: 100 and one in dilu-
tion 1: 400. In two instances 0 agglutinins occurred
in dilution 1: 40. The serum samples of one carrier
were not tested.

DISCUSSION

The antigens employed in the present investigation
correspond to the salmonellae found in Finland up
to the date of this investigation, and are included in
the list published by Gronroos (1953). Of the agglu-
tinins noted in normal sera, those which, according
to Parmala (1958), correspond to the salmonellae
most frequently occurring in Finland predominated.
The present investigation shows that the limit

values for increased titres supporting a diagnosis of
salmonellosis in south-western Finland were 0 titre
1: 40 and H titre 1: 80, provided that the patient's
past history did not include Salmonella infection
or vaccination against the disease. Irrespective of
the past history, great importance must be attached
to any increase in the 0 titre since no such increase
was found in the anamnestically negative population
of the epidemic area or among persons vaccinated
within at least the previous 12 months. In the dilu-
tion 1: 40 not even a Salmonella infection two years
previously affected the 0 titre. For assessment of the
significance of the H titre, on the other hand, the

anamnestic factors mentioned must be given due
consideration.

It should be borne in mind, however, that the
Widal reactions are estimated with the naked eye,
the accuracy of titration being ± 1 tube, and if the
reactions are assessed by different persons, one may
record results twice as high as those of another
(Schwabacher et al., 1943). Moreover, if a patient is
treated with chloramphenicol, the diagnostic aid to
be expected from Widal testing is reduced. For
instance, Maggia (1955), Baruh (1957) and Havlik
& Potuznik (1958) have observed that patients
treated with chloramphenicol have fewer agglutinins
than those not thus treated. In their experimental
study, Rangam et al. (1957) noted that this was due
to fixation of agglutinins by absorption to the
chloramphenicol.
The definite increase in H agglutinins (similar in

antigenic structure to the causative agent of the
epidemic) in the anamnestically negative persons of
the epidemic area suggests that the occurrence of
subclinical, undiagnosed pathological cases is
comparatively high.
The present study shows that no increase in 0

agglutinins occurred in persons who had previously
had paratyphoid fever, whereas the anamnestic
reaction in the H agglutinins was clearly noted as
late as two years after cure. This concurs with the
well-known opinion that 0 agglutinins are of a
comparatively transient character, while the H
agglutinins persist for years.
No effect of the vaccination on the 0 agglutinins

remained a year after the vaccination-which is
further evidence of their diagnostic value-but the
H agglutinin titre was still increased 11-15 years
after vaccination. The effect of vaccination varies
from one person to another, however, and may also
depend, according to Faarup, (1) on the vaccine
used, (2) on the dose and number of injections, and
(3) on the method of administration.
According to Vogelsang & Wormnes (1958), the

coagglutination noted is comparatively common in
the Widal reactions, and may even cause diagnostic
difficulties.
The number of persons remaining as carriers

(3.7% + 1.2 Y.) agrees with previously published
figures, which usually vary between 2% and 5%.
The low Widal titre of carriers has long been known,
and the Widal reaction may be useful in attempts
to identify carriers, according to Vogelsang (1950)
and Schubert et al. (1959), if the Vi agglutinin titre
is increased.
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RtSUMt

L'on a identifi6 en Finlande peu d'especes du genre
Salmonella; cependant les 6pid6mies de salmonelloses
n'y sont pas rares. Le but de cette etude a e d'etablir
dans quelle mesure le serodiagnostic de Widal peut
faciliter le diagnostic de fievre typhoide ou intestinale.
Le materiel a ete pr6lev6 dans deux zones de la partie

m6ridionale et occidentale de la Finlande; l'une de ces
zones n'a pas connu d'6pid6mies, dans I'autre les pre-
levements ont Wt6 effectu6s au cours d'une epidemie, puis
deux ans apres.
L'on a pr6lev6 sur des sujets en bonne sante apparente

et habitant le sud-ouest de la Finlande 422 echantillons
de serums en vue de la r6action d'agglutination (sero-
diagnostic). L'on a utilise les antigenes suivants: antigenes
somatiques 0 des groupes B, C, D ainsi que Vi; antigenes
flagellaires b; c; d; g,m,s; g,p; i; 1-2. Les agglutinines
observees correspondaient a celles des especes de sal-
monelles rencontr6es en Finlande.
Dans la zone non endemique l'on a exclu les personnes

vaccin6es et celles ayant Wt6 malades; chez les autres, le
taux des agglutinines a ete comparativement bas: le titre
d'agglutinines 0 n'a ete superieur i 1: 40 que dans 0,7%

des serums examines, celui d'agglutinines H sup6rieur
a 1: 80 dans 0,7% egalement de ces serums.

Les agglutinines seriques des habitants de la zone
endemique ont ete examinees avec les memes antigenes.
Pendant une epidemie de paratypholde B, l'on a enregistr6
une augmentation des agglutinines correspondant a la
structure antig6nique du germe en cause, a la fois chez
des sujets non s6lectionn6s habitant cette zone et chez
des sujets n'ayant aucun antecedent de salmonellose.
Deux ans apres 1'epidemie, la frequence des agglutinations
H etait encore nettement augmentee tandis que le titre
des agglutinines 0 ne montrait d'augmentation que par
comparaison avec les titres not6s en zone non endemique.

L'on a pu noter 15 ans apres la vaccination, chez des
personnes vaccinees contre les salmonelloses, une aug-
mentation frequente des agglutinations H, tandis que
l'agglutination 0 ne montrait aucune difference. Parmi
les sujets gueris de salmonelloses, 3,6% sont demeures
porteurs de germes.
Le fait qu'il n'y a, un an apres la vaccination, plus

d'agglutination 0 prouve la valeur diagnostique de
celle-ci.
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