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LEPTOSPIROSIS IN DANISH WILD MAMMALS " 
K. L. FENNESTAD>: and C. BORG-PETERSEN, Statens Seruminstitut, Copenhagen, Denma:k 

Atsfrnct: Leptospirosis i~ man and animals has been studied in Denmark since 1934. 
Strains of the following ten serotypes have been isolated: ic~erolrrret trorr I~(~~iae,  poi, 
catricolu, ~ c / / N I ? I ,  brar isla~~a,  pottrotlo, ~ripporyplrosa, sejrue, sn.rkoehitlg, and hara\,iae. 
Twenty-eight of the 44 species of wild land manimals living in Denmark have been 
examined culturally. Leptospires of eight serotypes were isolated from 14 species. 
Leptospires were demonstrated microscopically in the urine and/or kidneys of 31 
bats belonging to fcur species. Ttese leptospires could not be cultured it1 vitro or 
transmitted to animals other than bats. Serological evidence of present or past 
leptospirosis was found in four species of I.ct~ortrorplra. Car t~ i \ *ora  and U t ~ g ~ r l a t a  not 
examined culturally. 

Our findings indicate that the following species are maintaining hosts for leptospires 
of identified serotypes in Denmark: Sorex aratreus (po i ) ,  Erinaceus etrropaeus 
(bratislava ) ,  Microrus arvalis (grippotyphosa), Rarrus t ~ o r ~ * e ~ i c t r s  (icterohaemorrha- 
giae), Mlrs t~~uscctlus (sejroe), Apodettrlts u ~ r a r i u s  (pomona),  and Apodetrius f1at.i- 
collis (saxkoebing). M u s  tt~rtsc.rrlus is probably also a maintenance host for leptospires 
of the ballutl~ serotype. Three bat species, Myoris datch~trrotrii, Pipisrrellus pipistrellus, 
and Npcralus t~ocrrrla, with a high carrier rate ( 15-20% ),  may be maintenance hosts 
for unknown serotypes of a unique group of leptospires. Batu~.icre and catlicola lepto- 
spires have not yet been isolated from wild animals in Denmark. 

The significance of leptospirosis in wild mammals for the epidemiology of 
leptospirosis in man and domestic animals is discussed. 

INTRODUCTION 

The present review of leptospirosis in 
Danish wild mammals leaves much to be 
desired with respect to completeness. 
First, the mammals in Greenland and the 
Faroe Islands have not been examined. 
Secondly, the sea mammals and 12 of the 
44 wild land mammal species occurring 
in the Scandinavian part of Denmark 
are not included in the review, because 
either no or  only very few (less than 
four) specimens of any of these species 
have been examined. Admittedly, also 
some of the species included have been 
only inadequately studied. Thirdly, the 
main purpose of the studies performed 
has been to detect host animals in order 
to get a better understanding of the epi- 
demiology of leptospirosis in man and 

domestic animals. Consequently, we have 
been interested primarily in the isolation 
and identification of leptospires, and less 
inteersted in purely serological examina- 
tions of wild animals and in their lepto- 
spiral diseases as such. 

The first study of leptospirosis in 
Danish wild mammals was made in 1934 
by Zuelzer." She found Leptospira ictero- 
Iraert~orrlru~iae in about 25% of 91 
brown rats. When these findings were 
reported and adequate diagnostic facili- 
ties were established, it was soon recog- 
nized that human infections by ictero- 
Iraetr~orrlrogiae and catricola leptospires 
were in no way uncommon in our 
country, and that the incidence of these 
infections in the Danish dog population 
was high. 

Paper presented at the 2nd International Conference on Wildlife Diseages, Brighton, England, 
1971. 

F Author's address: Statens Seruminsrilut. Arnaper Boulevard 80 .  DK-2300 Copenhagen S.. Denmark. 
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Examination of wild animals other 
than rats began in 1939, after a third 
serotype of leptospires. the sejroe type, 
had been discovered in man,' and the 
epidemiological evidence pointed t o  mice, 
rather than to  rats, as  the most probable 
source cf  the sejrcc infections. Eventu- 
ally, leptospires of the sejroe serotype 
were found to be carried by the house 
mouse (Mils  t~r~ i sc~ i l i r s ) , '  whereas the 
serologically closely related smskoehirrg 
leptospires were isolated from the yellow- 
necked field mouse (Apociettiits fIat.ic.01- 
/is)." The common vole, Microfus ar\.alis, 
which Schuffner and Bohlander'" had 
found to be a carrier of prippot.vplrosa 
leptcspires in Holland, was found to 
carry this serotype also in Denmark;" 
and in 1943 leptospires of the hallutli 
serotype were isolated from a house 
mouse in Southern Jutland." 

However, the major part of our  mate- 
rial has been collected since 1954 when a 
collaborative study by the State Serum 
Institute and the Royal Veterinary and 
Agricultural University in Copenhagen 
was initiated. The  primary purpose o f  
that study was to  investigate whether 
leptospires were a major cause of bovine 
abortion in Denmark.  The  incidence of 
leptospirosis in cattle was found to  be 
about 8 % ,  but these infections apparently 
on1 y rarely resulted in abortion,' '!' except 
in a very restricted part of the country, 
the islands of Lolland and Falster. O n  
these two islands a considerable number 
of bovine abortions were caused by 
pot,rotra leptospires,"~" and the striped 
field mouse (Apodetnus ctgrcirius), which 
in o u r  country occurs only o n  these 
islands, was found t o  harbour leptospires 
of this serotype.' 

Fig. 1 shows that Scandinavian Den- 
mark consists of the Jutland peninsula, 
which accounts for about two thirds of 
the total area of o u r  country (16,500 
square miles), and a multitude of islands, 
the larger of which are Zealand, Funen,  
Bornholm. and the twin islands Lolland- 
Falster. The  surface of the country is a 
low rolling plain, most of which is farm- 
land. About 10% is covered by forest 
and 1.5% is fresh-water lakes o r  small 
streams. 

RESULTS 

lnsectivora 

This order is represented in Denmark 
by five species. So  far, no  specimens of 
the pigmy shrew (Sorex I I I ~ I ~ I ~ I N S )  have 
been examined. Table 1 shows that no  
leptospires were isolated from nine moles 
(Talpo eiiropoea). All three identified 
strains froni the common shrew (S, arrr- 
I I ~ I I S )  belonged to the pci serotype, and a 
strain of the same type was isolated from 
one of five water shrews (Ncotrrys 
forlietrs). The majority of the 43 strains 
isolated from 193 hedgehogs (Eritinceiis 
europrierts) belonged to  the hruti.tln\~ci 
serotype, but leptcspires of n o  less than 
five other serotypes were also isolated 
from this species. Only one strain was 
isolated from 19 hedgehogs weighing 
less than 500 g and,  therefore, registered 
as immature. T h e  carrier rate was con- 
siderably higher in male than in female 
hedgehogs: 32 strains were from 113 
males ( 2 8 %  ) and 11 from 8 0  females 
( 1 4 %  ). 

Three bratislava strains were isolated 
froni hedgehogs in which n o  antibodies 
against the infecting strain could be 
demonstrated; these animals may have 
been examined in the acute phase of 
infection. The  remaining 40  culturally 
positive animals showed a positive sero- 
reaction, i .e.  a microscopic agglutinin 
titer of 1: 100 o r  more with live lepto- 
spires of  the infecting serotype. Positive 
seroreactions were found also in 14 cul- 
turally negative animals, with a relztibe 
serotype distribution similar to  that in 
ci~ltural ly positive animals. Thus,  by the 
combined cultural and serological exami- 
nation 45% of the hedgehogs showed 
evidence of present o r  past leptospirosis. 

The  kidneys of the first 93 mature 
hedgehogs trapped were examined histo- 
logically for  interstitial nephritis. Kidney 
lesions were demonstrated in 33 of 44  
animals which were culturally and/or  
serologically positive for leptospirosis, 
but only in 2 of 49 negative animals. In  
mature hedgehogs there was a positive 
correlation between interstitial nephritis 
and evidence of leptospirosis. 
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OCCURRENCE OF MICROTUS ARVALIS 

OCCURRENCE OF APODEMUS AGRARIUS ...... 

FIGURE 1. Distribution of the common vole (Microtus arvalir), maintaining host for grippto- 
typhosa leptospires, and the striped fie!d mouse (Apodemur agrarius), maintaining host for 
pomona leptospires in Denmark. The dots indicate verified human and bovine grippotyphosa 
infections. Pomona infections in domestic and wi ld  animals were found on Lolland-Falster only. 
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TABLE 1. Demonstration of  leptospires in Danish wild mammals. 

N o .  positive 
Order and species* No .  examined Serotype" distribution 

Insectivora 
Sorex ararreus 

Neorrlys fodierzs 

4/49 poi 3, undet. 1 - 
1 /5  poi 1 

Erirzaceus europaeus 43/193 brat. 3 1, pom. 6, poi 2, sej. 2, sax. 1, ict.1 - 
Chiroptera 

Myoiis dauberltoriii 5/26 undet. 5 
Pipistrellus pipistrellus 5/34 undet. 5 
Nyctalrrs rloctirla 20/89 undet. 20 
Eptesicus serotiriris 1/17 undet. 1 

Rodentia 
Cletlrrior~ortiys glareolus 1/239 poi 1 
Microtus ar\.alis 35§/225 grip. 265, sax. 15, undet. 9 

Microtris agrestis 3/68 sax. 2, sej. 1 
Raitus rzon.egiciis 17/82 ict. 17 

Mus rrziisculiis 28/220 sej. 25, sax. 2, bal. 1 - 
Microrllys rrzirrutus 1/64 sej. 1 
Apodrrrlus ugrarius 39/514 pom. 31, sax. 4, sej. 3, undet. 1 - 
Apoder?zids syl\~aticus 6/201 sax. 4, sej. 1, poi 1 
Apoder?zus flavicollis 3 1/243 sax. 31 

Carnivora 
Vlilpes vulpes 1/16 poi 1 
Mitstela errtiirrea 3/37 poi 1, pom. 1, sej. 1 

N o  leptospires demonstrated in 9 Tulpa errropaea. 4 Myolis mlysrucinrrs. v4 Myoris natrereri, 
8 Plecorrrs orrrirtrs, 9 Barhasrellu barhasfellrrs, 46 Scirrrrrs I rrlgaris, 40 Ar1,icoln lerrealris, 5 Ratrirs 
rarrirs, 16 Mirsrela nil.alis, 11 Mrrsrt-la prrrorirrs. 

* *  Abbreviations: bal. = ballum, brat. = bratislava, grip. = grippotyphosa, 
ict. = icterohaemorrhagiae, pom. = pomona, sax. = saxkoebing, sej. = sejroe, 
undet. = undetermined. 

hairline rule = maintaining host for serotype. 
g One double infection. 

Chiroptera 

Twelve species of this order are known 
in Denmark, but two of them (Eptesicus 
r~ilssor~ii and Pipistrellus rzatlzusii) are of 
very rare occurrence. Individuals of eight 
species have been examined. As seen 
from Table 1, leptospires were found (by 
dark-field microscopy of urine and/or 
kidney suspension) in specimens of four 
species. Histological examination of 

silver-impregnated sections of the kidneys 
from three dark-field positive great bats 
revealed leptospires in the lumen of the 
kidney tubules (see Fig. 2 ) .  All attempts 
to isolate leptospires from bat kidneys 
and urine by cultivation in Korthof's 
medium with 10 o r  20% rabbit serum, 
in Ellinghausen's medium, and in other 
media, at temperatures from 20 to  37 C, 
failed. Likewise, inoculation of newborn 
guinea-pigs, hamsters, mice and rabbits, 
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FIGURE 2. Leptospires in the kidney tubules of a great bat (Nyctalus noctula). Warthin-Starry. 

newly hatched chickens, and chick em- 
bryos gave negative results. Three great 
bats which were kept alive for 6, 11, and 
20 weeks excreted leptospires regularly 
with their urine. Intraperitoneal inocula- 
tion of urine from one of these bats into 
24 dark-field negative great bats appar- 
ently resulted in infection and leptospir- 
uria in three cases . 

Sera from 64 bats of six species. in- 
cluding nine dark-field positive animals, 
were examined for agglutinins against 
live leptospires of 18 different serotypes. - - 
Only ihre; red-grey bats (Myoris tlntte- 
reri) showed a positive reaction (titer 
1 : 100 with the sa.rkuebirm serotype l .  
Even though no leptospires were isolated 
itr vitro and electron-microscopical exam- 
ination was not performed, and even 
though serological evidence of leptospir- 
osis could not be established in the 
microscopically positive bats, our findings 
indicate that bats are carriers of micro- 
organisms indistinguishable from lepto- 
spires in their 'gross' morphology. move- 
ments, and habitat, but differing from 
known parasitic leptospires in growth 
requirements, pathogenicity, and probably 
also in antigenic composition. 

Rodentia 

This order is represented by 14 species. 
No  specimens of the northern birch 
mouse (Sicista betulitra) and the dormouse 
(Mrtscarditr~ts ar~ellatrarius), both of 
which are of rare and geographically 
restricted occurrence, have been examin- 
ed. Three other species are also of geo- 
graphically restricted occorrence. The 
tllack rat (Rattrts rattrts) occurs only in 
areas adjoining certain harbours. The 
common vole occurs only in Jutland 
south of the Limfjord, with the highest 
density in the southern part of the penin- 
sula. The striped field mouse is common 
on the twin islands of Lolland-Falster but 
does not occur in other parts of Denmark 
(see Fig. 1 ). 

As shown in Table I, leptospires were 
isolated from nine of the 12 species 
examined. Our failure to isolate lepto- 
spires from the red squirrel (Sciur~ts 
vrtl,qarrts) the water vole (Arvirola terres- 
tris), and the black rat may be explained 
by the relatively small number examined. 

Only one of 239 bank voles was found 
to harbour leptospires. All but one of the 
identified strains isolated from the com- 
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mon vole were of the grippotyplrosa sero- 
type. Apparently, the common vole is the 
sole carrier of grippofyphosa leptospires 
in Denmark. Particularly, strains of this 
serotype were not isolated from 68 field 
voles which yielded only two saxkoebitrg 
strains and one sejroe strain. The impres- 
sion that the common vole is the sole 
carrier of grippotyplrosa leptospires in 
Denmark is supported by the fact that all 
diagnosed human cases of grippotyplrosa 
infections occurred in Jutland, and mainly 
in Southern Jutland; this distribution cor- 
responds very well with the geographical 
occurrence of the common vole. Sero- 
logical surveys of cattle have also shown 
that bovine grippotyphosa reactors are 
found in Jutland only. 

All strains isolated from the brown rat  
(R. tror\~egicus) were of the ictero1raen1- 
orrhagiae serotype. The house mouse 
(Mus tirusculus) carried leptospires mainly 
of the sejroe serotype, but a few sax- 
koebitrg and a single ballut~r strain were 
also isolated from this species. Only one 
strain, a sejroe strain, was isolated from 
64 harvest mice. The majority of the 
strains isolated from the striped field 
mouse belonged to the potrrotra serotype. 
As mentioned above, this species occurs 
only on thei slands of Lolland-Falster. 
Examination of wild animals and serolo- 
gical surveys of cattle and swine from 
various parts of Denmark have shown 
that Pot~~otra  infections are found only 
in animals from these two islands. Only 
six out of 201 long-tailed field mice 
harboured leptospires, mainly of the 
saxkoebitrg serotype. All the 31 strains 
isolated from 243 specimens of the 
yellow-necked field mouse were of the 
saskoebitlg type. 

Carnivora 

This order is represented by eight spe- 
cies. So far, the pine marten (Martes 
rilartes) and the stone marten (Martes 
joirrcr) have not been examined, and two 
other species have been examined only 
serologically, as will be mentioned later. 
Table 1 shows that no leptospires were 
isolated from 16 weasels (Mustela rli~~alus) 
and 11 polecats ( M .  putorius). Serological 
examination of these animals revealed 

weakly positive reactions in two weasels 
(titer 1:30 with poi or  sa.rkoebirrg) and 
two polecats (titer 1 : 30 with saxkoebing); 
one polecat was definitely seropositive 
(titer 1 :300 with saxkoebitrg). Three 
strains, of the serotypes poi, potnona, and 
sejroe, were isolated from 37 stoats. Posi- 
tive seroreactions were found only in the 
culturally positive animals. A poi strain 
was isolated from one of 16 foxes exam- 
ined culturally. However, eight culturally 
negative foxes showed serological evi- 
dence of past or  present infection, pre- 
dominantly with the serotype poi. 

Similarly, examination of sera from 55 
foxes that were not examined culturally 
revealed past or present infection with 
leptospires in more than 50% of the 
animals (see Table 2) .  

Three of seven badgers and two of 
four otters were seropositive. 

Lagomorpha and Ungulata 

The order Lagottrorplra is represented 
in Denmark only by the hare, while the 
ungulates are represented by the roe deer 
(Capreolus capreolus), the red deer (Cer- 
\,us' elaphus),- the fallow deer (Dattla 
dattra), and the sika deer (Cer\*us trippon). 
Only sera from hare and roe deer have 
been examined. As seen from Table 2, 
both of these two species occasionally 
show evidence of leptospiral infection, in 
the roe deer most often by the saxkoeb- 
iilg serotype. 

Maintaining Hosts and Other Hosts of 
Leptospires 

In Table 1 is indicated which species 
are at  present considered maintaining 
hosts for the leptospiral serotypes isolat- 
ed in Denmark. All other hosts of iden- 
tified serotypes are considered incidental 
hosts. A maintaining host, in the sense 
of Audy,' for a given serotype of lepto- 
spires is an animal species in which 
leptospires of this serotype are carried 
by the infected individuals for a suffi- 
ciently long period of time to ensure a 
continued transmission of the infection 
from generation to generation. Individuals 
of other species may get infected when 
they inadvertently or  deliberately (e.g.: 
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TABLE 2. Serological evidence o f  leptospirosis i n  w i l d  mammals not examined culturally. 

Order and species 

Lagomorpha 

Lepus europaeus 

Carnivora 

Vltlpes 1,ulpes 

Meles tt~eles 

Lutra lutra 

Ungulata 

Capreolus capreolus 

No. 
seropositive* 

No. examined Serotype" distribution 

3/185 poi 1, sax. 1, sej. 1 

325/55 poi 24, sax. 14, sej. 5, ict. 3 

3517 poi 2, sax. 2 

2514 poi 2, sax. 1 

12/315 sax. 9, sej. 2, pom. 1 

Seropositive = agglutinin itter 1 :  100 o rmore. 

* *  Abbreviations: see Table 1. 
8 Some animals with evidence o f  double or  triple infection 

as predators) intrude on the habitat of 
the maintaining host - or if the main- 
taining host intrudes on the habitats of 
other animal species. 

Maintaining hosts for leptospires of 
the ballrrtl~, bataviae, and catricola sero- 
types are not indicated. Ballut~l  lepto- 
spires have been isolated only once from 
a wild house mouse, but have been iso- 
lated repeatedly from pet albino mice, so 
it is probable that the house mouse is a 
maintaining host also for the h n l l u t ~ ~  lep- 
tospires. So far, we have not isolated 
bata~, iae or  ccrt~icola leptospires from wild 
mammals; however, the fact that all 

registered human hata~.iire infections OC- 

curred in Jutland suggests that an animal 
host should be sought in that part of the 
country. Catricola reactors have never 
been encountered among Danish wild 
animals. 

Wildl i fe and the Epidemiology o f  Leptospirosis 
i n  Domestic Animals and Man 

Table 3 represents a survey of lepto- 
spiral infections in domestic animals. The 
prevalence rates are based on various 
serological surveys during the last 16 
years. Naturally, these rates depend on 

TABLE 3. Leptospira infection o f  domestic animals in Denmark. 

Prevalence Infection with serotype* 

Species 7c ict. poi can. bal. brat. porn. grip. sej. sax. bat. 
- -  

Dog 12-25 + s + s s S S S 

Cat ca. 5 s s s s s s  

Swine 5-16 s s s s s s s 

Cattle 8-18 s s s s s + s s s s  

Horse ca. 50 S S S S S ~ S S S S  

* Abbreviations: bat. = bataviae. can. = canicola; for other abbreviations, see Table 1.  
+ = Leptospires isolated. 
s = Serological evidence only. 
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many different factors such as locality, 
year of examination, and the selection of 
animals with regard to age, clinical his- 
tory, etc. The upper rates of prevalence 
for swine and cattle are based on surveys 
carried out in connection with epizootics 
of bovine leptospirosis potnorra in 1957 
and 1961 on Lolland-Falster. In these 
two years the striped field mouse was 
unusirally abundant and many clinical 
cases of bovine leptospirosis p o t ~ ~ o n a  
were diagnosed in the autumns. Serologi- 
cal surveys of mature swine from 
Lolland-Falster carried out annually in 
the month of January since 1962 have 
shown that within a few years the preva- 
lence of por~lor~n infections decreased 
from about 15% to a level of 2-3%. 

Failure of pottrot~u infection to become 
permanently established in the swine and 

cattle population on Lolland-Falster, in 
spite of heavy exposure in certain years, 
may be explained by the tradition of 
husbandry in Denmark, which differs 
from that in, e.g., the U.S.A. The Danish 
swine are always raised in small groups 
(usually less than 10) in indoor pens 
without direct contact with cattle. The 
cattle population is almost entirely dairy 
cattle, with minimal contact between 
young and adult animals. 

Twenty to 30 years ago the dog un- 
doubtedly acted as a maintaining host 
for the cat~icola leptospires. Today, 
car~icola infection apparently has virtu- 
ally disappeared from Denmark. A sero- 
logical survey carried out in 1959-60 and 
comprising almost 900 dogs revealed 
only a few weak catlicola reactors, most 
of which were more than 9 years old." 

TABLE 4. Human cases of leptospirosis in Denmark 1934-1970. 

Serotype* distribution 
Period Total 

ict. poi can. bal. brat. grip. 
-- 

sej./sax. bat. undet. 

1934-38 124 97 - 8 - - -  17 - 2 

1939-43 408 82 - 39 - - 11 268 3 5 

(1943) (253) ( 1 7 )  - (24)  - - ( 9 )  (198) ( 2 )  ( 3 )  
1944-48 275 77 3 48 - 4 128 13 2 

1949-53 140 45 5 1 - 4 78 5 2 

1954-58 60 18 1 2 29 8 2 

1959-63 49 28 14 3 4 

3 964-68 34 15 13 2 3 

1969-70 13 10 3 

Total 1103 372 4 100 1 1 21 550 34 20  

Percent 33.7 0.4 9.1 0.1 0.1 1.9 50.0 3.1 1.8 

Abbreviations: see Tables 1 and 3 
- = Serotype not used in serotest. 

Table 4 is a chronological presentation 
of the 5-yearly number of verified human 
cases of leptospirosis in Denmark since 
1934. The incidence of icterolluemorrl1a- 
gioe infections has decreased gradually to 
an average of some four cases annually. 
Cut1ic~olii infections were relatively fre- 
quent during World War 11, but no cases 

have been diagnosed since 1950. The 
high number of human cases of lepto- 
spirosis during the war-and particularly 
in 1943 - was predominantly due to 
sejroe and suxkoebitlfi infections. Most of 
these cases occurred in the rural popula- 
tion and coincided with an exceptionally 
large population of the house mouse, the 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 29 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Journal o f  Wildlife Diseases Vol. 8, October, 1972 351 

maintaining host of the sejroe leptospires. of higher living standards and the in- 
The number of diagnosed sejroe/sax- creased mechanization of agricultural 
koebirrg infections has now decreased to and industrial o~era t ions ,  with the ensu- 
an average of two to three cases annually. ing  redrlction of ihe infection risk, 
The grippotyplrosa and hatrit,iae infections 
all occurred in Jutland, as mentioned At present, a rather stable equilibrium 

above. No cases of these infections were Seems have been attained between 
diagnosed since 1957 and 1964, respec- wildlife carriers of leptospires and lepto- 

H~~~~ cases have never spirosis in man and domestic animals in 
been diagnosed in Denmark (pott~otra I3mmark. This balance may change in 
antigen has been used in serotests since the future, either as a result of changes 
1941 ) .  in human life and the husbandry of - ~, 

-rhe low number of verified human domestic animals, and/or as a result of 
cases in the last 15 years does not reflect (possibly man-mediated) changes in the 
a reduction of leptospiral infections in wild animal populations harbouring lep- 
wild animals, but is probably the result tospires. 
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