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Abstract: The Gram-negative, obligate intracellular tick-transmitted pathogen Anaplasma phagocytophilum can cause acute febrile
diseases in humans and domestic animals. The expansion of the tick Ixodes ricinus (Linnaeus, 1758) in northern Europe due to
climate change is of serious concern for animal and human health. The aim of the present study was to investigate the impact of 4.
phagocytophilum infection in moose Alces alces (Linnaeus) calves by evaluating the carcass weights of infected and non-infected an-
imals and examining animal tissues samples for co-infections with either species of Babesia Starcovici, 1893 or bacteria of the genus
Bartonella. The carcasses of 68 free-ranging moose calves were weighed by hunters during the hunting seasons from 2014 to 2017
in two regions in southern Norway and spleen samples were collected. Anaplasma phagocytophilum was detected in moose sampled
from locations infected with ticks with a prevalence of 82% (n = 46). The carcass weights of A. phagocytophilum-infected calves (n =
46) and non-infected (n = 22) calves were compared. Although the average weight of infected calves (45.6kg) was lower than that of
non-infected calves (46.5 kg), the difference was not statistically significant. Three different variants of the bacterium 16S rRNA gene
were identified. The average weight of animals infected with variant I was 49.9kg, whereas that of animals infected with variant I11
was 42.0kg, but the difference was not statistically significant (p = 0.077). Co-infections of A. phagocytophilum with Bartonella spp.
or with Babesia spp. were found in 20 and two calves, respectively. A triple infection was found in two calves. Sequence analysis of
the 18S rRNA gene of Babesia-positive samples revealed the presence of Babesia cf. odocoilei (Emerson et Wright, 1970). Strains of
Bartonella closely related to Bartonella bovis (Bermond, Boulouis, Heller, Laere, Monteil, Chomel, Sander, Dehio et Piemont, 2002)
were identified based on phylogenetic analysis of the g/t4 and rpoB genes. The loss of body mass in moose calves in the tick-infected

site was probably influenced by multiple factors.
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In recent decades, the distribution and abundance of the
tick Ixodes ricinus (Linnacus) have increased in Europe
(Medlock et al. 2013). Tick densities are likely to be strong-
ly influenced by population density fluctuations in vertebrate
host species and other ecological changes such as changes
in land use, forest and wildlife management. This may lead
to a high density of ticks in areas with free-ranging cervids
(Wilson et al. 1988, Medlock et al. 2013, Paul et al. 2016).
A high abundance of potential hosts is an important factor
in tick expansion and in the potential for the spread of tick-
borne diseases (Gilbert 2010). Ticks can transmit different
pathogens and often harbour more than one agent simulta-
neously (Madison-Antenucci et al. 2020).

Anaplasma phagocytophilum is a Gram-negative, ob-
ligate intracellular, tick-transmitted bacterium that may
cause acute febrile tick-borne fever in humans (Strle 2004)
and is also a causative agent of a well-known disease in

domestic animals in several countries in Europe, Asia and
America (Woldehiwet 2010). In domestic sheep, the dis-
ease is characterised by infected neutrophils, high fever,
neutropenia, reduced milk yield, abortion, and reduced fer-
tility (Woldehiwet and Scott 1993). The fever reaction may
vary depending on the age of the animals, the variant of 4.
phagocytophilum involved, host species and immunologi-
cal status of the host (Stuen et al. 2013a). Besides domes-
tic ruminants, 4. phagocytophilum has been identified in
roe deer Capreolus capreolus Linnacus, red deer Cervus
elaphus Linnaeus (Alberdi et al. 2000, Stuen et al. 2013b,
Razanske et al. 2019) and moose Alces alces Linnacus (Pu-
raite et al. 2015a).

One of the most important tick-borne infectious diseas-
es in wild and domestic mammals is babesiosis (Hunfeld et
al. 2008), which is caused by the infection of mammals by
protists of the genus Babesia Starcovici, 1893, which in-
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vade erythrocytes (Beugnet and Moreau 2015). Babesiosis
varies in severity from asymptomatic infections to anaemia
with acute circulatory shock, depending on the host’s im-
munity status and age, species of Babesia and the parasite
load (Zintl et al. 2003).

Deer ked Lipoptena cervi Linnaeus, 1758 (common
haematophagous parasites that feed primarily on cervids)
is considered a potential vector for bacteria of the genus
Bartonella Strong, O'Connor, Winkler et Steigerwalt, 1915
(see Hornok et al. 2011, Duodu et al. 2013). In the last
few decades, L. cervi has shown a remarkable increase in
abundance and is currently rapidly expanding its range
northwards in Finland, Sweden and Norway (Vilimaki et
al. 2010).

Bartonella spp. are facultative intracellular, aerobic
Gram-negative bacilli (Birtles and Raoult 1996) transmit-
ted from host to host by a diverse range of haematogenous
arthropod vectors; they are considered to be emerging
pathogens in humans and animals (Boulouis et al. 2005).
They have been isolated or detected in a wide range of wild
and domestic mammals, and infections are often chronic or
asymptomatic in their reservoir hosts (Chomel et al. 2009,
Okaro et al. 2017).

The aim of the present study was to investigate the
impact of 4. phagocytophilum infection on moose calves
by evaluating the carcass weights of infected and non-in-
fected animals. The calf weights were registered by the
hunters. Strains of 4. phagocytophilum were identified to
detect possible differences in their infectivity for calves
of different weights. A further objective was to investi-
gate and analyse co-infections with species of Babesia
and Bartonella.

MATERIALS AND METHODS

Sampling

The carcasses of 68 free-ranging moose calves were weighed
and spleen samples collected by hunters during the hunting sea-
son (October — December) from 2014 to 2017 in two areas of
southern Norway. One study area (n = 56 animals) was located
in six municipalities (Arendal, Froland, Grimstad, Nome, Tve-
destrand and Vegarshei) within the distribution zone of Ixodes
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ricinus, where ticks are abundant during spring-autumn, whereas
the other area in Qystre Slidre municipality (n = 12) is where ticks
are either absent or rarely observed.

After evisceration, a piece of spleen about 5 x 5cm was taken
from each carcass and placed in a separate plastic bag, with the
site, date, weight and sex written on the bag, which was then put
in a freezer. Later, the frozen samples were taken to the labo-
ratory. They were thawed upon arrival at the laboratory before
DNA extraction. In addition, the spleens of four calves found
dead (Froland municipality), with acute pneumonia diagnosed by
visual autopsy by a veterinarian in 2017, were also included for
analyses of vector-borne infections.

DNA extraction and molecular analyses

DNA was extracted from approximately 10 mg of each spleen
(the piece used for DNA extraction was taken from the inner tis-
sue layer) with the Genomic DNA Purification Kit (Thermo Fish-
er Scientific, Vilnius, Lithuania), according to the manufacturer’s
recommendations. DNA was dissolved in 100 pl of sterile deion-
ised water and stored at -20 °C until PCR analysis. All samples
were screened for the presence of DNA of Anaplasma phagocy-
tophilum, Babesia spp. and Bartonella spp.

A real-time PCR was used to amplify a 98 bp product from 4.
phagocytophilum (msp2 gene) and 214 bp product from Babesia
spp. (18S rDNA), as previously described (Razanske et al. 2019).
To amplify larger fragments for species and strain identification,
nested PCRs targeting the 16S rRNA gene (546 bp) of 4. phago-
cytophilum (Massung et al. 1998) and the 18S rRNA gene (380
bp) of Babesia spp. (Armstrong et al. 1998, Rar et al. 2005) were
performed. For detection of Bartonella spp., conventional and
nested PCR amplifications of partial g/t4 (379 bp) (Norman et al.
1995), rpoB (825 bp) (Renesto et el. 2001) genes and the 16S-23S
rDNA ITS region (~900 bp) (Jensen et al. 2000, Kaewmongkol et
al. 2011) were used (Table 1). All reactions were repeated three
times. Detailed PCR protocols are presented in Table S1.

In all relevant amplifications, positive DNA of A. phagocy-
tophilum from isolate N22 (KT(070828), DNA of Babesia capre-
oli Enigk et Friedhoff, 1962 from isolate NB41 (KT279880) and
Bartonella spp. DNA from isolate NT21 (MF491738) were used
as positive controls in PCR reactions. Negative controls (distilled
water without DNA) were included in all runs after every five ex-
perimental samples. To minimise the potential for contamination,

Table 1. PCR targets and primers used in this study for detection of Anaplasma phagocytophilum, Babesia spp. and Bartonella spp.

Pathogen Target Oligonucleotide sequences (5°-3”) Reference
g gene Forward Reverse
Anapl 16S Outer primers CACATGCAAGTCGAACGGAT- TTCCGTTAAGAAG-
naplasma — (RNA P TATTC GATCTAATCTCC
phagocy- Massung et al. 1998
tophilum Inner primers AACGGATTATTCTTTATAGAACG- GGCAGTATTAAAAGCAGCTC-
p GATTATTCTTTATAGCTTGCT CAGG
1854 Outer primers GACGGTAGGGTATTGGCCT ATTCACCGGATCCACTCGATC  Rar et al. 2005, 2011
Babesia spp.
. CCAACAAAATAGAACCAAA- Armstrong et al. 1998,
Inner primers ATTACCCAATCCTGACACAGGG GTCCTAC Rar ot al. 2011
ITS Outer primers ACCTCCTTTCTAAGGATGAT CTCTTTCTTCAGATGATGATCC Kaewmongkol et al. 2011b
. Jensen et al. 2000
Bartonella Inner primers CTCTTTCTTCAGATGATGATCC  GCGGTTAAGCTTCCAATCATA 3t B o Sl 011h
SPP- gliA GGGGACCAGCTCATGGTGG AATGCAAAAAGAACAGTAAA  Norman et al. 1995
rpoB CGCATTGGYTTRCTTCGTAT GTRGAYTGATTRGAACGYTG Renesto et al. 2001
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Table 2. Anaplasma phagocytophilum infection and co-infections with Bartonella spp. and Babesia spp. detected in moose calves.

Double infection Double infection

Double infection Triple infection (4.

Alces alces phéiznoi’l; i‘?);r}rzllf;um Bartonella spp. Babesia spp. (‘;10 lﬁll’;?frch (‘;10 p%fi‘?frzc-{_ (Bartone!la spp. ﬁhg‘gfgg eol]ljéuslglg Nogr-lilrxrlglzted
Bartonella spp.)  Babesia spp.) + Babesia spp.) +Babesia spp.)
n n n n n n n n n
68 46 27 5 20 2 1 2 17
67.6% 39.7% 7.4% 29.4% 2.9% 1.4% 2.9% 25.0%
4* 4 2 0 2 0 0 0 0

*- Samples of four calves found dead with acute pneumonia signs. Carcass weight was not recorded.

DNA extractions, PCR, nested PCR and agarose gel electropho-
resis were performed in separate rooms and filter tips were used
in these processes.

The PCR amplification products were separated by gel elec-
trophoresis in 0.5 x TAE buffer (Thermo Fisher Scientific) using
1.5% agarose at 100 V for 60 min, stained with ethidium bromide
and visualised under UV light. The summarised results of nested
and conventional PCR are provided in Table S2. A sample whose
amplification has been confirmed at least two times is considered
positive. Amplicons obtained from amplification were purified
using the GeneJET Gel Extraction Kit (Thermo Fisher Scientific)
following the manufacturer’s instructions. Purified PCR prod-
ucts were sent to a sequencing service (Macrogen, Amsterdam,
Netherlands). The obtained sequences of species of Babesia, Bar-
tonella and A. phagocytophilum were compared with sequences
available from the GenBank database (www.ncbi.nlm.nih.gov)
using the BLASTn tool of the National Center for Biotechnology
Information. Phylogenetic analyses were conducted using MEGA
X software (Kumar et al. 2018).

Statistical analysis

Statistical analysis was performed to assess the differences in
moose weights. First the Kolmogorov-Smirnov Z test was per-
formed, which showed that the data followed normal distribution
(Z=0.086, p=0.200). This allowed the Student’s t-test to be used
to assess differences in moose weights. The statistical analysis
was performed using IBM SPSS Statistics 19. The decision about
statistically significant differences was accepted at a significance
level of P = 0.05. The influence of infection status and munici-
pality on body mass was evaluated using the univariate General
Linear Model (GLM), with body mass as a dependent variable, A.
phagocytophilum infection (positive/negative) as an independent
variable, and municipality as a random factor.

RESULTS

Detection of agents in moose calves

Of the 68 spleen samples tested, 46 (68%) were positive
for Anaplasma phagocytophilum, 27 (40%) for Bartonel-
la spp., and five (7%) for Babesia spp. Co-infection of A.
phagocytophilum with Bartonella spp. was found in 20
animals. In two calves, co-infection of A. phagocytophi-
lum with Babesia spp. was detected. A triple infection was
found in two calves (Table 2).

Anaplasma phagocytophilum was detected only in
animals sampled from locations infected with ticks with
a prevalence of 82% (46 out of 56). A total of 33 positive
samples for 4. phagocytophilum were sequenced. Sequence
analysis revealed three different 16S rRNA gene variants:
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variants [, II and III (Table 3) with 100% identity to se-
quences deposited in the GenBank database (MK239931,
MH794246, KY404197, MN170724, KM215240,
FJ788513, MK814412, MH122889, MG976767) of dif-
ferent mammalian species (Canis lupus familiaris Linnae-
us, Equus caballus Linnaeus, Capreolus capreolus, Homo
sapiens Linnaeus) and Ixodes ricinus ticks from different
countries (South Korea, Slovenia, Germany, Spain, Po-
land, South Africa). Four calves with pneumonia tested
by PCR were all positive for A. phagocytophilum. Two
harboured 4. phagocytophilum 16S rRNA variant 1 and
two harboured variant III. Sequences of 4. phagocytophi-
lum from this study were deposited in the GenBank data-
base under accession numbers MT221232 (this sequence
is representative of 16 samples sequenced in this study),
MT221233 (representative of one sample) and MT221234
(representative of 16 other samples).

All Babesia-infected animals were from the area where
1 ricinus is present. Sequence analysis (277-296 base
pairs of the 18S rRNA gene) of three amplicons revealed
99.3-100% identity, with GenBank entries attributed to
Babesia odocoilei Emerson et Wright, 1970 (MN563153,
MNS563145, KY242389), B. cf. odocoilei (MK612774,
MK612775, KU351827, KU351828) or Babesia sp. ‘deer
clade’ (MG344773, MG344776) of wild ruminant origin
(Cervus elaphus, Dama dama Linnaeus) from different Eu-
ropean countries (Czech Republic, Germany, Norway, UK)
(Fig. 1). Sequences of Babesia isolates from this study
were deposited in the GenBank database under accession
numbers KT279884, MW759308 and MW7593009.

Bartonella spp. was detected in animals from both
study areas. Glt4 gene sequences differed from each oth-
er in one nucleotide position (C/T) and were closely re-
lated to the strains of Bartonella bovis of Bermond et al.
(2002) (showed a 98—100% sequence similarity) (Fig. 2).
Obtained partial sequences of rpoB gene differed in single
nucleotide positions (A/G) and showed 98-99 % identity to
strains of B. bovis (Fig. 3). Sequences of rpoB of isolates
of Bartonella from this study were deposited in the Gen-
Bank database with accession numbers MW767937 (this
sequence is representative of two samples sequenced in
this study) and MW767938 (representative of six samples),
and sequences for glt4 gene were deposited with accession
numbers MW767939 (representative of three samples) and
MW767940 (representative of five samples).

Statistical analysis
The mean carcass weight for calves from the area where
1 ricinus ticks are abundant was 45.7 kg (o =13.3) (n =56,
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MN563145 Babesia odocoilei
MT350573 Babesia odocoilei
MK612774 Babesia cf. odocoilei
MG344775 Babesia sp. deer clade
MG344773 Babesia sp. deer clade
KU351828 Babesia cf. odocoilei
KU351827 Babesia cf. odocoilei
KY242389 Babesia odocoilei
@ MW759309 Babesia cf. odocoilei
@ KT279884 Babesia cf. odocoilei
@ MW759308 Babesia cf. odocoilei
MG344776 Babesia sp. deer clade
MK612775 Babesia cf. odocoilei
MN563153 Babesia odocoilei
MN563154 Babesia odocoilei
LC363865 Babesia divergens
98|1.C363863 Babesia divergens
LC363866 Babesia divergens
7011.C363858 Babesia divergens
— KF773734 Babesia capreoli
— KF773733 Babesia capreoli
KX857480 Babesia venatorum
MG052939 Babesia venatorum
MG344777 Babesia venatorum
MH351704 Babesia venatorum
MH351705 Babesia venatorum
KU204791 Babesia venatorum
\— KF773735 Babesia capreoli

80

— EF643477 Babesia bovis
991 EF643475 Babesia bovis

0,0199

Fig. 1. Phylogenetic tree of isolates of Babesia Starcovici, 1893 isolated in the present study (®), based on fragments of the 18S rRNA
gene, generated using the Maximum likelihood method in MEGA X software (1,000 replicates; bootstrap values indicated at the
nodes). Babesia bovis (Babes, 1892) was used as outgroup.

MNG615934 Bartonella bovis

69 — KR733183 Bartonella bovis
MNG615936 Bartonella bovis
MN615937 Bartonella bovis
KF199899 Bartonella bovis

11KF199898 Bartonella bovis

KR733184 Bartonella bovis

88 — @ MW767939 Bartonella bovis

@ MW?767940 Bartonella bovis

MNO094884 Bartonella bovis

MNO094883 Bartonella bovis

MNO094882 Bartonella bovis

KM215693 Bartonella chomelii

KM215691 Bartonella chomelii

AY254308 Bartonellachomelii

AJ564632 Bartonella schoenbuchensis

HG977196 Bartonella schoenbuchensis

FN645507 Bartonella schoenbuchensis

MT635399 Bartonella melophagi

MT536936 Bartonella melophagi

AY724768 Bartonellamelophagi

AF293392 Bartonella capreoli

HM167503 Bartonella capreoli

AB703124 Bartonella capreoli

72

55

| DQ452947 Bartonella bacilliformis
100! AY114118 Bartonella baciliformis

0,0199
Fig. 2. Phylogenetic tree of isolates of Bartonella bacteria obtained in this study (®), based on fragments of the g/t4 gene and generated

using the Maximum likelihood method in MEGA X software (1,000 replicates; bootstrap values indicated at the nodes). Bartonella
bacilliformis was used as outgroup.
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KJ909807 Bartonella bovis
AY 166581 Bartonella bovis
72| ' KJ909808 Bartonella bovis
MNG615916 Bartonella bovis
EF432062 Bartonella bovis
MNG615908 Bartonella bovis
KF218224 Bartonella bovis
KR733193 Bartonella bovis
KR733194 Bartonella bovis

96

96

KR733195 Bartonella bovis

r @ MW767937 Bartonella bovis
99! @ MW767938 Bartonella bovis

KJ909803 Bartonella dromedarii
—100{ KJ909800 Bartonella dromedarii
KJ909798 Bartonella dromedarii

71AB703142 Bartonella capreoli

AB703143 Bartonella capreoli

HM167505 Bartonella capreoli

99 | JN646666 Bartonella chomelii

KM215710 Bartonella chomelii

CP019789 Bartonella schoenbuchensis

HG977196 Bartonella schoenbuchensis

AY 167409 Bartonella schoenbuchensis

| AF 165988 Bartonella bacilliformis

0,01

100! HG328244 Bartonella baciliformis

Fig. 3. Phylogenetic tree of isolates of Bartonella bacteria obtained in this study (e), based on fragments of the rpoB gene and generated
using the Maximum likelihood method in MEGA X software (1,000 replicates; bootstrap values indicated at the nodes). Bartonella

bacilliformis was used as outgroup.

ranging from 15.4kg to 66.0 kg), whereas for those from
the area where ticks are known to be absent the mean car-
cass weight was 69.3kg (o = 11.3) (n = 12, ranging from
58.0kg to 91.0 kg).

The carcass weights of A. phagocytophilum-infected
calves (n = 46) and non-infected (n = 10) calves from the
tick-infected area were compared. The non-infected calves
had an average weight of 46.5kg (c=14.2), whereas the
average weight of infected calves was 45.6kg (o = 13.3).
The difference was not statistically significant (t = 0.196,
p=0.845).

Infected animals were divided into three groups based on
the 16S rRNA variant of A. phagocytophilum and the aver-
age weight of carcasses in each group was calculated (Table
3). A comparison of weights was only performed with calves
infected with 16S rRNA variants I and III of 4. phagocy-
tophilum, since just one calf was infected with variant II.
The average weight of animals infected with variant I was
49.9kg (o = 10.5), whereas that of animals infected with
variant 11l was 42.0kg (o = 13.8). However, the difference
was not statistically significant (t = 1.84, p = 0.077).

Table 3. 16S rRNA gene variants of Anaplasma phagocytophilum and
average weight of moose calves.

GenBank Variable positions

accession Variant Number of  Average
number 4 95 animals weight
MT221232 I A C 16 499 kg
MT221233 11 - A 1 48.0 kg
MT221234 111 G - 16 42.0 kg

Folia Parasitologica 2021, 68: 023

The influence of infection status and municipality on
body mass evaluated using univariate GLM showed that
status of infection with 4. phagocytophilum does not have
a statistically significant (p = 0.669) influence on moose
mass weight either when municipality status is a random
factor or when municipality status is a fixed factor).

DISCUSSION

The highest prevalence of Anaplasma phagocytophilum
in Ixodes ricinus has been shown to occur in areas with the
highest cervid density (Rosef et al. 2009, Mysterud et al.
2013). The infection rate of A. phagocytophilum in I. rici-
nus in Norway ranges from 0% to 20% (Rosef et al. 2008,
Tveten 2014, Henningsson et al. 2015).

Anaplasma phagocytophilum causes disease and eco-
nomic losses in livestock (Woldehiwet 2006). Tick-borne
fever is considered a major problem in livestock produc-
tion, leading to mortality, with lambs at particular risk (St-
uen and Bergstrom 2001), and reducing the body growth
of lambs (Stuen et al. 2002, Grova et al. 2011). Tick-borne
fever among wild cervids has been diagnosed in a moose
calf and in one roe deer calf from southern Norway, both
of which died from septicaemia with bacteria regarded as
opportunistic pathogens (Jenkins et al. 2001, Stuen et al.
2001). A possible effect of infection with A. phagocytophi-
lum on moose weights has previously been suggested (Pu-
raite et al. 2015a).

The present study showed that four calves with severe
clinical pneumonia diagnosed by autopsy were infected
with two different A. phagocytophilum strains. Lung in-
flammation was found in two calves infected with variant
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I and two other calves infected with variant I11. It appears
possible that both variants can cause secondary lung infec-
tion. Molecular characterisation of strains of 4. phagocy-
tophilum showed that different variants of the 16S rRNA
gene previously detected in various species of animals in
Europe, Asia, Africa and the United States are currently
circulating in the moose population in Norway.

In the present study, no effect of 4. phagocytophilum on
moose calf body mass was identified. The findings showed
that there was no statistically significant difference in body
mass between calves infected with A. phagocytophilum
and those not infected, and the effect of infection status
was not significant when municipality was included either
as a significant random factor or as a fixed factor.

In previous studies conducted in Norway, 4. phagocy-
tophilum DNA has been found in moose (infection rate of
31-70%), roe deer (52—-82%), red deer (51-94%) and sheep
(38%) (Stuen et al. 2013Db, Puraite et al. 2015a, Razanske et
al. 2019, Stigum et al. 2019). Antibodies against 4. phago-
cytophilum and DNA of its different variants have been
shown to persist in sheep, horses, dogs, cattle, moose, roe
deer and red deer (Stuen et al. 2013a, Woldehiwet 2010).
A high prevalence of seropositivity (79%) in moose serum
is reported from tick-infected areas (Milner and van Beest
2013).

Among the several factors discussed to have influenced
the lower calf carcass weight are the reduction in food qual-
ity and quantity due to warmer summer temperatures, the
reduced area of forest consisting of early successional stag-
es (Wam et al. 2010), and a negative correlation between
body condition and endoparasite densities (Davidson et al.
2015). Body mass and the reproductive performance index
in the southern and south-eastern regions of Norway have
fallen in the last 20-25 years (Wam et al. 2010, van Beest
et al. 2012). Historical registrations of calf carcass weights
show a decrease from 59kg (n =410) to 49kg (n=170) in
Aust-Agder county between 2000 and 2017 (Meland and
Roer 2018).

The data from the present study showed a lower mean
carcass weight (45.7kg) in the study area (Arendal, Fro-
land, Grimstad, Nome, Tvedestrand and Vegérshei munic-
ipalities) where ticks are abundant. In Qystre Slidre (most
non-infected calves were from this municipality) where
ticks are either absent or rarely observed (Climate change,
impacts and vulnerability in Europe 2016, 2017), the mean
calf weights were 63.6kg (n = 64) in 1999 and 64.2kg (n
= 30) in 2014, which indicates no reduction in calf weight
(Puraite et al. 2015a). For years, local hunters have report-
ed low numbers of moose calves on the island of @land in
Sweden during the autumn hunt, and it has been suggested
that infection with A. phagocytophilum has affected their
health and survival (Malmsten and Dali 2014). Further-
more, dead calves with acute pneumonia infected with 4.
phagocytophilum have been registered (Malmsten 2017).
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In Europe, babesiosis has been reported in humans and
in some domestic and free-living mammals (Herwaldt et
al. 2003), and was first documented in moose in Norway
(Puraite et al. 2015b). Infection with Babesia divergens
M’Fadyean et Stockman, 1911 in cattle is widespread in
the coastal areas of Norway (Hasle et al. 2010). Isolates of
Babesia were detected in four moose calves infected with
A. phagocytophilum and in one calf in which 4. phagocy-
tophilum was not detected (Table 2). Three samples posi-
tive for Babesia spp. were sequenced and all belonged to
Babesia cf. odocoilei.

Various species of Bartonella have been found to be
specifically adapted to distinct mammalian hosts, caus-
ing long-term intraerythrocytic infections, and have been
isolated or detected in a wide range of wild and domestic
animals (Chomel et al. 2009). The present study showed
that bacteria of Bartonella was detected in moose calves
infected with A. phagocytophilum (Table 2) and in non-in-
fected calves. Bartonella sp. were detected with an overall
prevalence of 40% and the identified strains belonged to
a B. bovis clade. In a previous study, two lineages of Bar-
tonella were detected in Norwegian cervids and deer keds
based on analysis of 16S-23S rDNA ITS region and gi/t4
gene sequences. Sacristan et al. (2020) found that preva-
lence with bacteria of Bartonella ranged in moose from
70.6% to 92.9% and strains of Bartonella derived from
moose were closely related to B. bovis. However, two line-
ages of Bartonella were detected in moose in other studies
conducted in Norway (Duodu et al. 2013) and Finland (Ko-
rhonen et al. 2015, Pérez Vera et al. 2016).

It can be concluded that variation in moose calf body
mass observed in the present study was probably influenced
by multiple factors. The spread of infected ticks to new ter-
ritories will result in higher infection of moose that are not
adapted to the bacteria. These factors may play a role in low-
er carcass weights and higher calf mortality. In the present
study, a high prevalence of 4. phagocytophilum was found in
moose calves from tick-infected areas. Three different strains
A. phagocytophilum were detected by sequencing part of the
16S rRNA gene. Although not proven in this study, the pos-
sible effect of infection with A. phagocytophilum on moose
carcass weights should be further investigated. Double and
triple co-infections with A. phagocytophilum, Babesia spp.
and Bartonella spp. were detected.
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