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ABSTRACT
OBJECTIVE: The study was aimed at the discovery of the possible presence of the human Hardjo leptospiro-
sis in Slovakia. 
BACKGROUND: Throughout the world, there is a considerable number of publications confi rming the presence 
of this zoonotic infection in domestic animals. On the contrary, scarcely more than a dozen of reports dealing 
with this occupational disease in humans was published till now. Moreover, the results of them are not convinc-
ing in all cases.
MATERIAL AND METHODS: Patients´ and dairy cattle serum samples with detected antibodies against the Lep-
tospira strains belonging to four different serovars of the serogroup Sejroe known to be present in Slovakia (i. 
e. Sejroe, Istrica, Saxkoebing, Polonica) and also reacting with serovar Hardjo strains were examined by using 
the serum-agglutinin absorption tests in order to determine the etiological agent of the illness on serovar level.  
RESULTS: The Hardjo infection was unequivocally confi rmed approximately in 1/5 of patients´sera and in 3/5 
of dairy cattle sera.
CONCLUSION: The AATs are useful tools for detection of Hardjo leptospirosis what is a necessary condition for 
determination of appropriate epidemiological measures related to this occupational disease. As our knowledge, this 
methodological approach was not used by other authors till now (Tab. 4, Fig. 1, Ref. 19). Text in PDF www.elis.sk.
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Introduction

The exact determination of which serovar of agents causes lep-
tospirosis is a basic requirement from the point of epidemiological 
and epizootological view and a basic condition for determination 
of appropriate control measures.

This principle is also valid for an important zoonosis caused 
by leptospires of the Hardjo serovar belonging to the Sejroe se-
rogroup. In men the illness has mostly occupational character in 
dairy farm workers and is known as milkers´ disease or dairy farm 
fever. The maintenance hosts of the infectious agent causing this 
disease are especially cattle and sheep but the infection also oc-
curs in pigs and horses.

There exists a considerable number of earlier reports on the 
detection of this disease in domestic animals above all in cattle 
throughout the world including some European countries such as 
Italy, Great Britain, The Netherlands, Germany, Portugal, Swit-
zerland, Hungary, Poland and Spain. 

On the contrary, all over the world scarcely more than a dozen 
of publications dealing with the infection in humans was published 

till now. The reason of this situation probably is that dairy work-
ers are not easily infected with leptospires of the Hardjo serovar 
(1). In Europe, references concerning human Hardjo disease are 
known from The United Kingdom (2), Republic of Ireland (3), 
Italy (4), The Netherlands (5) and Austria (6). The diagnosis on 
serovar level in patients affl icted with this disease was mostly 
based on the results of MAT, ELISA and only rarely on PCR or 
culture of the agent. Therefore the data are not suffi ciently con-
vincing in all cases.

Till now, the infection was detected neither in animals nor in 
human beings in the Slovak Republic, where however, Leptospira 
strains of four other serovars belonging to the Sejroe serogroup, 
i.e. Sejroe (reference strain M 84), Istrica (Bratislava), Saxkoe-
bing (Mus 24) and Polonica (493 Poland) are known to be pres-
ent. Because the diseases caused by leptospires of these serovars 
cannot be distinguished on serovar level using merely MAT, these 
illnesses are, in the authors´ laboratory, generally termed Sejroe 
group infections (designated sensu lato for this study). By reason of 
eventual discovery of Hardjo infection in Slovakia, the laboratory 
completed the usual MAT battery of the four mentioned Leptospira 
strains of the serogroup Sejroe also by the strain Hardjoprajitno.

Some years ago, sera of four rmilkers were successively sent 
to the authors´ laboratory for diagnosing leptospirosis. They re-
acted not only with leptospires of the four mentioned serovars 
belonging to the Sejroe serogroup but also strongly agglutinated 
the strain Hardjoprajitno. Consequently, in intention to determine 
the causal Leptospira serovar these sera were more profoundly 
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studied using serum agglutinin-absorption tests (AATs) which 
already revealed to be useful in the past. The present study deals 
with the obtained results. 

Material and methods

Microscopic agglutination test (MAT) and Leptospira strains 
In the fi rst i.e. screening phase of MAT (initial dilution with the 

added antigen = 1 : 100) the usual battery of Leptospira strains was 
used. The battery encompassed pathogenic and saprophytic strains 
representing serological groups Icterohaemorrhagiae, Grippoty-
phosa, Sejroe, Javanica, Pomona, Canicola, Australis, Tarassovi, 
Bataviae, Ballum, Autumnalis, Pyrogenes, Andamana and Sema-
ranga. The sera which strongly agglutinated the four mentioned 
strains of the serogroup Sejroe and also the strain Hardjoprajitno 
(Leptospira interrogans genetic subtype Hardjopratitno) were in 
the second, i.e. quantitative phase of the test diluted in geometrical 
progression and examined with these strains in order to determine 
their antibody levels.  Later also the strain Grossbeeren of serovar 
Hardjo (L. borgpeterseni genetic subtype Hardjobovis) kindly pro-
vided by BGVV Berlin was added to MAT. Both serovar Hardjo 
strains reacted in serological tests identically what is in agreement 
with the older data (7).

Agglutinin-absorption test (AAT)
The AAT was performed with sera in the usual way as de-

scribed before (8). For distinguishing among the causal serovars 
of leptospirosis the 10 % criterion of the Subcommittee on the 
Taxonomy of Leptospira (9) was applied reversely, i.e. in opposite 
arrangement: For the causal Leptospira strain of the disease was 

considered that after absorption by which less than 10% of antibody 
titre of the unabsorbed patient´s serum remained in repeated tests.

Patient’s sera
For examination by AATs were used only sera positive in MAT 

at a titre ≥ 1 : 6400 with at least one of the mentioned Leptospira 
strains of the Sejroe serogroup, inclusive the Hardjoprajitno and/
or Hardjobovis strains; the latter two ones must have been positive 
either at the mentioned titre or, rarely, no less than to 25 % of it.   

The study started with examination by AATs of the sera of 
the four mentioned milkers coming from distant dairy farms (1st 
group of persons). Three of them presented illness – two mani-
fested meningitis and the third only a feverish disease. The fourth 
person may have got over a very mild or even an asymptomatic 
infection as her seropositivity was detected accidentally in con-
sequence of a preventive serological examination of workers on 
the dairy farm where the last mentioned woman worked. After-
wards sera of other 16 patients (2nd group) with Sejroe disease 
(sensu lato) from dairy farms also situated in different regions of 
the country sent to the author’s laboratory for usual diagnostics of 
leptospirosis were examined at a later time by the same method.

Out of the total of 20 human serum samples examined by 
AATs, 10 were taken from men and 10 from women.  Fifteen of 
them came from the west region of Slovakia, 2 from the midland, 
3 from the east part of the country (Fig. 1). Fifteen of them were 
villagers, fi ve lived in small towns. As for their profession, 6 were 
milk-maids, one milk-man, 5 pensioners, one animal-tender, one 
forester, one baker, one lathe-worker, one land-surveyor (geod-
esist), one pupil, one working man and one unemployed. 

Fig. 1. Regional distribution of patients´and cows´sera on serovar level in Slovakia.
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Dairy cattle sera
Out of some dozens by MAT examined animal sera in the au-

thors´ laboratory, 52 revealed antibodies against Sejroe group lep-
tospires. Sera of only 15 among them were suitable for AATs, their 
antibody titres reaching at least ≥ 1 : 3200 against the mentioned 
strains of the Sejroe group serovars including the serovar Hardjo. 
The sera came from 7 dairy farms situated in diverse parts of Slo-
vakia. The majority of the sera, i. e. twelve, were taken from dairy 
cattle on the farms where the four Hardjo patients were detected. 
The rest of them were collected on dairy farms where no human 
leptospirosis was recorded at that time. Evaluation of the results 
obtained by AATs was identical with that of the patients´ sera.

Sera of small mammals
In addition, sera of 44 small terrestrial mammals (the majority 

of them were members of the Mus musculus spp.), caught on the 
farm from which came the person with an asymptomatic Hardjo 
infection), were examined by MAT for the presence of Leptospira 
antibodies.

Results and discussion

Hardjo leptospirosis is an occupational zoonosis of those who 
work with domestic animals, particularly with cattle and sheep – 
the maintenance hosts of this infection.  In spite of this, publica-
tions dealing with the disease in men are scarce worldwide and the 
laboratory diagnosis of the infection not convincing in all cases.

In Slovakia this infection was detected neither in animals nor 
in humans till now. Therefore a study was undertaken to discover 
whether human Hardjo disease occurs also in this country. Because 
the illness cannot be diagnosed on serovar level using merely usual 
MAT,  AATs were used in this study. These tests were already found 
to be helpful to serological discrimination between the serum titre 
against the etiological agent and the co-agglutination(s), i. e. to 
differentiation of the type of illness on serogroup level.  Moreover, 
the method was also available for discrimination between the cause 
of the illness on serovar level within the same serogroup (10–12).

Patient´s sera
The study started with examination by AATs of four dairy-

workers´ sera (1st group of patients) which presented suffi ciently 
high antibody titres to Leptospira strains of the used fi ve serovars 
of the serogroup Sejroe, inclusive serovar Hardjo strain(s). The 
results of AATs proved Hardjo infection in all these examined 

persons. Typical results obtained with the serum of one of these 
patients are in Table 1: In repeated tests, antigens prepared from 
the four reference Leptospira strains of the serogroup Sejroe, for 
MAT usually used during many years in the authors´ laboratory, 
were unable to completely absorb the antibodies while the antigen 
Hardjobovis did it. Virtually the same results were obtained with 
the sera of the other three patients. 

Subsequent examination by the same method of the sera of 
other 16 patients with Sejroe illness (sensu lato) (2nd group) was 
undertaken. The sera were collected on diverse dairy farms, mostly 
those where the human Hardjo infections were diagnosed.

Unequivocal results, when only one of the absorbing fi ve an-
tigens was able to absorb all serum antibodies, were obtained in 
eight cases. They indicated in seven cases including the sera of 
two dairy-maids an illness due to the serovar Istrica and in one 
case a serovar Sejroe infection. 

Such a clear serovar determination was not possible in other 
six sera (including one dairy-man sample) in consequence of a 
complete absorption of serum antibodies by both Istrica and Se-
jroe antigens (hereafter marked as Sejroe or Istrica infections). 
This can be explained by a very close antigenic relationships of 
the strains of both serovars as they have six common main (“ma-
jor”) antigens (in MAT strongly reacting surface agglutinogens) 
and differ only by one main antigen what was determined by fac-
tor analysis performed on with rabbit antisera (13). Apparently, in 
some individual cases such antigenic composition might not allow 
an evident serovar discrimination. 

It is a matter of interest that serum antibodies of another patient 
(a pensioner whose contact with cattle could not be ruled out) were 
entirely and regularly absorbed by leptospires of Hardjo serovar 
but to a lesser extent also by the antigens of the Istrica and Sejroe 
serovars in repeated AATs (Tab. 2). Probably these results indicate 
a Hardjo infection but they do not permit a defi nitive conclusion. 
Therefore this patient was not included in the 1st group of patients.

An unexpected fi nding was that the serum antibodies of the 
last patient were not absorbed in repeated AATs with any of the 
used Leptospira antigens (results not shown). In this case it can-
not be excluded that the illness might have been caused by a strain 
belonging to a serovar of the Sejroe serogroup not detected in the 
country till now.

All four persons of the 1st group with detected Hardjo infec-
tion were dairy farm workers what indicate their professional ex-
position. This is in agreement with the fact that the maintenance 
hosts of Hardjo leptospires are dairy cattle. 

Serum absorbed 
with Leptospira 
antigens

MAT with Leptospira strains (serovars)
M 84 

(Sejroe)
Bratislava 
(Istrica)

Mus 24 
(Saxkoebing)

493 Poland 
(Polonica)

Grossbeeren 
(Hardjo)*

– 6400 6400 800 1600 12800
M 84 200 200 <100 1600 6400
Bratislava 800 100 <100 800 3200
Mus 24 6400 1600 <100 1600 12800
493 Poland 6400 3200 <100 <100 12800
Grossbeeren 200 <100 <100 <100 100
Serum titres expressed as reciprocals of serum dilutions, * genetic subtype Hardjobovis

Tab. 1. Results of AATs in a patient with Hardjo leptospirosis.
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Concerning the 2nd group of patients, it should be stressed that 
leptospirosis of all of them (except for the one presumed Hardjo 
case mentioned above), inclusive three dairy farm workers, was 
unequivocally caused by Leptospira strains belonging to other than 
the Hardjo serovar of the Sejroe serogroup even though their sera 
also strongly reacted in MAT with Hardjo leptospires. This fi nd-
ing confi rms once more the fact that even a high MAT titre of an 
unabsorbed serum cannot serve as criterion for a determination 
of the causal serovar of the illness. 

All these 16 patients with the exception of three of them were 
villagers. More detailed data especially about their home activities 
were not at our disposal; however, it can be justifi ably supposed 
that all these persons might have been in contact with excreta of 
either small rodents or domestic animals which are in Slovakia the 
maintenance hosts of leptospires belonging to different serovars 
including those of the Sejroe serogroup. 

Sera of small terrestrial mammals
The sera of fourty-four small animals examined by MAT for the 

presence of Leptospira antibodies gave negative results except for 
two which reacted with serovar Grippotyphosa strains. These fi nd-
ings are in accordance with the older results that small terrestrial 
mammals are not the hosts of the serovar Hardjo leptospires (14).

Dairy cattle sera
In connection with the detected human Hardjo disease among 

the dairy-workers on the dairy farms the question raised whether 
this infection can also be fi nd out among dairy cattle. That is why 
suitable sera of 15 dairy-cattle (with suffi ciently high titres of an-
tibodies) were also examined by AATs. In nine of them an evident 
Hardjo infection was confi rmed as their serum antibodies were 
completely absorbed only by the antigen prepared from the strain 

of this serovar (Tab. 3). Eight of these nine sera were taken on the 
farms where the four dairy workers affected by Hardjo infection 
were employed and one serum was sent from the farm F where 
no human overt leptospirosis was recorded at that time (Tab. 4). 
Possibly, this animal indicate that Hardjo infection might also have 
occurred in cows on other dairy farms than were the farms A – D.

In the remaining six animals the discrimination between Hard-
jo, Istrica and Sejroe infections using AATs was unsuccessful since 
their serum antibodies were absorbed with the antigens of more 
than one serovar, i.e. 1 x with Istrica and Sejroe antigens, 1 x with 
Hardjo and Sejroe and 4 x with Hardjo, Istrica and Sejroe antigens 
respectively. Four of these animals also originated in the same dairy 
farms where the Hardjo diseased patients worked. Explanation of 
the results obtained with the sera of all these six animals may be 
analogous to those obtained with patients´ sera.  The described 
fi ndings confi rm that the cow herds in the farms A – D might have 
been infected not only with Leptospira strains of the Hardjo serovar 
but also by leptospires of Istrica or Sejroe serovars; the microbes of 
the two last mentioned serovars are harboured in Slovakia above 
all by their maintenance hosts house mice (Mus musculus spp.) 
but also by cattle which are their incidence reservoirs.

Summing-up, out of all 14 with Hardjo strain reacting cattle 
sera, the AATs results obtained with nine of them confi rmed un-
equivocally the Hardjo infection while in the remaining fi ve  sera 
such a clear discrimination of this infection from those caused by 
Istrica or Sejroe leptospires could not be achieved.

Attempts to isolate leptospires by inoculation of cattle urine 
in Korthof´s or EMJH media were realized with a certain delay on 
the farms where human Hardjo infections occurred and perhaps 
therefore without success.

After the fi rst Hardjo patients had been diagnosed the fi ndings 
were reported to the State Veterinary and Food Administration. 

Serum absorbed 
with Leptospira 
antigens

MAT with Leptospira strains (serovars)
M 84

(Sejroe)
Bratislava
(Istrica)

Mus 24
(Saxkoebing)

493 Poland
(Polonica)

Grossbeeren
(Hardjo)

– 6400 3200 1600 1600 3200
M 84 <100 <100 <100 <100 100 - 400
Bratislava 100 <100 <100 <100 200 - 800
Mus 24 3200 3200 <100 200 3200
493 Poland 3200 3200 <100 <100 3200
Grossbeeren <100 <100 <100 <100 <100
As in Table 1

Tab. 2. Results of AATs in a patient with a presumed Hardjo leptospirosis.

Serum absorbed 
with Leptospira 
antigens

MAT with Leptospira strains (serovars)
M 84

(Sejroe)
Bratislava
(Istrica)

Mus 24
(Saxkoebing)

493 Poland
(Polonica)

Grossbeeren
(Hardjo)

– 3200 1600 3200 3200 6400
M 84 <100 1600 800 800 1600
Bratislava <100 <100 1600 800 3200
Mus 24 800 1600 <100 <100 6400
493 Poland 400 400 <100 <100 1600
Grossbeeren <100 <100 100 <100 <100
As in Table 1

Tab. 3. Results of AATs in a cow affected by Hardjo infection.
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The epizootologist of this offi ce ordered to realize on the relative 
farms clinical examination of the cattle and to collect the blood 
specimens; a part of them was fi nally examined in the authors´ 
laboratory. No clinical signs of leptospirosis were found in herds 
of examined animals even though the Hardjo infection causes preg-
nant failures or reduced conception rates in infected cows (15). 
On the other hand, there was also described the possibility that the 
clinical manifestation of this infection in cattle may often go un-
noticed (16 – 18). Perhaps the serologically identical Leptospira 
strains of this serovar may possess different biological properties.  
Existence of two different strains of the Hardjo serovar from the 
point of view of their pathogenicity was suggested many years ago. 
According to some authors, there can exist strains which cause 
severe meningeal form in humans and abortion in cattle while 
other strains brought on a milder fl u-like illness in men and only 
mastitis in cattle. This fi nding was not confi rmed in experimentally 
infected grivet monkeys (19). 

Conclusion

The present study brought about the knowledge that AATs 
may be used for diagnostics of human Sejroe leptospirosis (sensu 
lato) on serovar level. This is in agreement with our former fi nd-
ings obtained by using AATs for such a diagnostics of leptospiral 
diseases caused by leptospires of other serogroups (10 – 12). To 
the best of our knowledge, this methodical approach was not used 
by other authors till now. Probably, because the realization of a 
serum absorption is a little delicate procedure requiring suffi cient 
experience of the laboratory worker. In the present study, the 
method allowed to distinguish in men not only Hardjo infections 
but also those of Istrica and Sejroe from each other. Unequivo-
cal results on serovar level were achieved approximately in 2/3 
of examined human and in 3/5 of dairy cattle specimens (i.e. 12 
out of 19 human and 9 out of 15 cattle sera respectively). In the 
rest of the sera the effort was not successful apparently because 
of the close antigenic relations of leptospires of these serovars or 

due to a slightly different antibody formation both in individual 
patients and animals. In spite of this, AATs may be a useful tool 
for detection of a Hardjo infection and in consequence of this for 
determination of appropriate epidemiological and epizootological 
measures especially on farms where dairy workers are in contact 
with dairy cattle.
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