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In Europe, Anaplasma phagocytophilum infections in livestock
have been reported in several countries, particularly in northern
and central Europe, where the climate is temperate or cold. In
these regions, the infection is most commonly observed in graz-
ing animals, such as cattle and sheep, during the summer months.
The prevalence of A. phagocytophilum infection in livestock can
also vary within countries depending on the farming practices
and management of the animals. Different studies report vary-
ing rates of infection in different countries and regions. In Eu-
rope, seroprevalence in livestock has been reported to range from
0% to 55%, with higher rates observed in regions with high tick
densities. Molecular methods detect 0% to 85.71% (in animals
with clinical symptoms) and 23.94% (using random selection) of
A. phagocytophilum genetic material in farm animals. As the in-
fections of Anaplasma spp. bacterium are often asymptomatic or
clinical symptoms are not specific in some cases, we hypothesise
that there are more anaplasmosis cases in Europe than expected.
In this review we analysed scientific data excluding clinical cases,
even though there are multiple cases described in different coun-
tries in the region of our review.
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INTRODUCTION

sheep, roe deer, and migrant birds. Although there
are several scientific papers regarding the preva-

As a result of climatic changes, tick-borne infec-
tions are an emerging problem in temperate and
cold regions of Europe. Anaplasma spp. is bacteria
spread by common ticks. Ixodes ricinus has been
identified as the primary vector of this infection
in Europe (Kiewra et al.,, 2014; Ravagnan et al,,
2018). Their carriers in Europe are wild rodents,
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lence of A. phagocytophilium in farm animals,
the results are inconsistent. Since anaplasmosis
infection in livestock can cause significant eco-
nomic impact, it needs to be researched to raise
the accuracy in diagnosis, continue the epidemio-
logical surveillance, and thus implement strate-
gies of control and prevention of this disease. In
this review we analyse and summarise scientific
work on this issue from 1996 to 2023.
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METHODS

In this review article, we collected 25 scientific
articles on A. phagocytophilum infections in live-
stock: horses, cows, and sheep. Moreover, we
found three articles on A. phagocytophilum pres-
ence in Ixodes ricinus ticks collected in Europe.
Most studies (five) were conducted in Slovakia,
four in the Czech Republic, three studies in Swe-
den, France, and Norway each, two studies in
Italy, Poland and Germany each, and one from
Denmark, Switzerland, Netherlands, and Bel-
gium each. No articles on A. phagocytophilum
infections in livestock were found in Baltic coun-
tries, although there are several research articles
on anaplasmosis in companion animals like dogs

in the Baltic region (Berzina et al., 2013; Radzi-
jevskaja et al., 2008; Stuen et al., 2005). The ear-
liest article included in this review comes from
1998 (Pusterla et al., 1998) and the latest one
from 2023 (Traversa et al., 2023). Case report ar-
ticles were not included in this review. The infor-
mation was systematised and visualized graphi-
cally using MS Excel 2023.

RESULTS

Out of 25 studies, 11 were conducted using se-
rological methods and 14 using PCR (Table 1);
one of the studies used both serology and PCR
testing (Drazovska et al, 2021). Positive re-
sults by percentage were compared between

Table 1. Scientific articles on the subject A. phagocytophilum in livestock, in chronological order

Test | Posi- | Positi
Author Species | Method Year €8 (,)Sl ostitve Country
group | tive %
horse 26 18 69.23%
PCR 1996 Sweden
cattle 6 85.71%
Pusterla et al., 1998 cattle PCR  1996-1997 70 12 17.14% Switzerland
Egenvall et al., 1998 horse serology 1997-1998 2018 336  16.70% Sweden
lambs  serology 2001 361 129  35.70%
Stuen et al., 2002 Norway
sheep serology 2001 388 141  36.30%
horse 40 2 5.00%
Hulinska et al., 2004 — — PCR 2004 Czech Republic
cattle 55 3 5.45%
Zeman & Pecha, 2008  sheep serology 2004 41 13 31.70%  Czech Republic
Leblond et al., 2005 horse serology 2005 424 48 11.30% France
Stuen et al., 2005 cattle PCR 2005 12 8.33% Norway
. . cattle PCR 178 0.00% .
Vichovd et al., 2014 2006-2009 Slovakia
sheep PCR 147 0.00%
Maurizi et al., 2009 horse serology 2009 408 55 13.50% France
Hansen et al., 2010 horse serology 2010 390 87 22.30% Denmark
Teod ki et al.,
O ey hose PCR 2013 512 9 L§0% Poland
Grova et al., 2011 sheep serology 2011 1208 664  55.00% Norway
76 2 2.63% Poland
Slivinska et al., 2016 horse PCR 2013 39 2.56% Slovakia
100 0 0.00% Ukraine
Ebani, 2019 horse serology 2013 479 109 22.75% Italy
PCR 200 0 0.00% )
Dréazovska et al., 2021 horse — 2014 Slovakia
serology 200 85 42.50%
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Table 1. (Continued)

Test | Posi- | Positive

Author Species | Method Year ) Country

group | tive %
Andersson et al., 2017 cattle PCR 2017 71 17 23.94% Sweden
Lagrée et al., 2018 cattle PCR 2018 289 57 20.00%  France, Germany

. serology 3849 1036  26.90%

Schifer et al., 2022 horse ————— 2022 Germany
PCR 1246 190 15.20%

Traversa et al., 2023 horse  serology 2023 150 12 8.00% Italy

serologically- and PCR-tested groups. Fur-
thermore, the results in different animal
groups — equine, bovine, and ovine — were ana-
lysed separately. Most studies (13) were con-
ducted on horse anaplasmosis (Fig. 1), seven on
bovine (Fig. 2), and four on sheep anaplasmosis
(Fig. 3). In the horse group, seven studies used
the PCR method and seven serology method. In
the ovine group, only one study used the PCR
method, and in the bovine group all seven stud-
ies used the PCR method.

The largest test groups were studied by
Schifer and colleagues (Schifer et al., 2022) and
this study also compares PCR (190/1246 posi-
tive) and serological (1036/3849 positive) me-
thods in A. phagocytophilum diagnostic in hors-

es from Germany. The second largest test group
was collected by Egenvall et al. (Egenvall et al.,
2001). In 1996-1997 in Sweden, horses were
tested for anaplasmosis serologically (33/2018
positive). Another large study, which was con-
ducted in Norway (Greva et al., 2011) and con-
sisted of 1208 samples taken from sheep, shows
55% seropositivity.

The smallest test groups were collected by
Egenvall et al. (Engvall et al., 1996) in Sweden
and consisted of seven cows with clinical symp-
toms, and six out of seven were proven to be
A. phagocytophilum positive by PCR testing. An-
other smaller research consisted of 12 samples
from cows in Norway (Stuen et al., 2002) where
only one sample was PCR positive.

2030 80.00%
69.23%
Swed
2025 Sweden 70.00%
2020
60.00%
2015
0,
S0l 50.00%
2005 40.00%
26.90%
2000 - o Germany 30.00%
. (] . 0
1995 Sweden 11.30% ttaly 15.20% 20.00%
France 13.50% Germany Rt
1990 5% France 8%
Czech 1.80% 2.56% 2.63% Ttaly 10.00%
: Poland Slovakia 0% TItaly 0% R
1985 Republic 1% Ukraine Y Slovakia
Poland
1980 0.00%

Fig. 1. A. phagocytophilum equine infections detected between 1996 and 2023, detected using

serological and molecular testing methods
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2011 55% Norway
Slovakia
2003-2009
0.00%
Czech Republic
2004 31.70%
2001 36.05% Norway
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%

Fig. 2. A. phagocytophilum ovine infections detected between 2001 and 2011 using serological
and molecular testing methods

2018 20% Germany, France
2017 23.94% Sweden
2006-2009 0'0&‘%)Vﬂ(ia
2005  8.33%  Norway
2004 5.45% Czech Republic
1996-1997 17.14% Switzerland
1996 85.71% Sweden
0.00%  10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00%

Fig. 3. A. phagocytophilum bovine infections detected between 1996 and 2018 using molecu-

lar testing

To evaluate the difference between the two
methods (serology and PCR), articles with
fewer than 50 test samples were eliminated
and the remaining 19 studies were compared.
The average PCR positive sample percentage
is 7.92%, while serologically positive samples
reach 21.35% on average in all animal groups
combined. This comparison, together with
Schifer et al. (2022) research, shows a signifi-

cant difference between the two methods: se-
rology test groups consist of more positive sam-
ples than PCR test groups in general.

To compare the results of different studies
across the timeline from 1996 until 2023 by an-
imal species and testing method, we analysed
each animal group individually. The equine
group was the most diverse between the two
testing methods (Fig. 1).
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The largest number of PCR-positive horse
samples were collected in 1996 in Sweden
(Engvall et al., 1996), where 26 horses with
clinical symptoms were tested. This study does
not convey infection rates in Sweden: the test-
ing group was not random as animals had
clinical symptoms. The second largest PCR-
positive group was described in Germany in
2022 (Schafer et al., 2022), where 190 out of
1246 horses were PCR positive (15.20%). Most
of serologically positive samples were collected
also in Germany (Schifer et al., 2022), where
1036 samples out of 3849 were positive. Nega-
tive samples were detected in Ukraine (Slivin-
ska et al.,, 2016) - 0/100 in 2013 by PCR, and
in Slovakia (Drazovska et al., 2021), but in
the same study, 85/200 (42.50%) samples were
seropositive.

The largest number of seropositive samples
were collected in Norway in 2011 (Grova et al.,
2011) - 664/1028 (55%), while the only study
that used the PCR method, in Slovakia, did
not find any positive sheep samples. As for
seropositive samples, 31.05% were collected
in the Czech Republic in 2004, and 36.05% in
Norway (Stuen et al., 2002).

In the bovine group, no serological testing
data was found in the selected region. The larg-
est percentage of PCR-positive animals were de-
tected in Sweden in 1996 (Engvall et al., 1996)
in a study with only seven cows with clinical
symptoms, where six of them tested positive.
More relevant data was collected also in Sweden
in 2017 (Andersson et al., 2017) where 17 cows
out of 71 tested were PCR-positive (23.94%).

As for the information on A. phagocytophi-
lum molecular testing on tick vectors of this
bacteria in European regions, it is insufficient.
There are three studies from the period of
2004-2014 (Table 2).

The largest amount of testing material was
collected in a 2014 study in Netherlands and
Belgium (Jahfari et al., 2014), where 3879 Ix-
oides ricinus ticks of different life stages were
tested using PCR analysis, and only 95 ticks
(2.45%) were PCR-positive for A. phagocytophi-
lum. Between 2006 and 2009, in Slovakia, 1075
I. ricinus ticks were screened and the overall
prevalence of the infection ranged from 1.4%
to 5.5% depending on the region of the country
(Vichova et al., 2014). A smaller study was con-
ducted in the Czech Republic, where 82 ticks
were screened and eight were positive (9.76%)
(Hulinska et al., 2004).

Based on these studies, A. phagocytophilum
in Ixoides ricinus population varies from 1.3%
to 9.76% depending on the country. In 2004,
in the Czech Republic, Hulinska et al. (2004)
tested horses and cows using PCR. They found
that 5% of all samples in the horse group and
5.45% in the cow group were PCR confirmed
for A. phagocytophilum; in comparison, ticks
were 9.76% positive. Similarly, another study
conducted in Slovakia between 2006 and 2009
(Vichova et al, 2014) found 0% PCR-con-
firmed cases in sheep and in cow test groups,
while 1.4% to 5.5% samples were confirmed in
the tick test group. In both cases, a higher per-
centage of A. phagocytophilum infected ticks
than host animals was observed.

Table 2. Scientific articles on the subject A. phagocytophilum in detected I. ricinus ticks using PCR

testing, in chronological order

L ricinus lif Test
Author Year ricinus ie e Positive | Positive % Country
stage group
Hulinska et al. 2004 not specified 82 8 9.8% Czech Republic
Vickova et al. 2006-2009  not specified 1075 - 1.4-5.5% Slovakia
mature and
Netherlands,
Jahfari et al. 2014 nymphs 3493 20 2.6% e herands
Belgium
larva 386 5 1.3%
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Fig. 4. A map showing the numbers of scientific articles related to the topic of A. phagocy-

tophilum prevalence in livestock in Europe were published from 1996 to 2023 and positive

samples recorded

DISCUSSION

Anaplasma phagocytophilum infections are rela-
tively common in companion animals in tem-
perate and cold regions of Europe, such as Scan-
dinavia, the Baltic countries, and parts of Central
Europe (Berzina et al., 2013; Radzijevskaja et al.,
2008; Stuen, 2007). A. phagocytophilum infec-
tions have also been reported in various live-
stock species, including horses, cattle, sheep, and
goats (Stuen, 2007). Factors that may contribute
to the variation in prevalence include differences
in tick populations and management practices,
as well as differences in the diagnostic methods
used to detect the infection.

Definitive confirmation of anaplasmosis is
problematic, and currently diagnosis is based
on finding a positive antibody titre. This has

several limitations: firstly, with standard test
methods, it may take up to three months fol-
lowing infection for animals to seroconvert,
which means that many early cases will be false
negatives on serology; secondly, animals can se-
roconvert without showing any clinical symp-
toms, and therefore no diagnostic measures are
taken; thirdly, even successfully treated animals
may still remain seropositive for a very long
time thereafter, thus complicating interpreta-
tion of successful resolution (Laamari et al,,
2020; Russell et al., 2021).

Previous studies reported that anti-A.
phagocytophilum IgG antibodies persist for ap-
proximately 300 days after experimental infec-
tion (Ristic et al., 1991) and may persist up to
two years after natural infection (Sellon, Long,
2013) In the acute stage of the disease, PCR is
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recommended as the most sensitive diagnos-
tic tool in routine diagnostics (Engvall et al,,
1996). Some studies reported that after experi-
mental infection, A. phagocytophilum DNA
in horses can be detected over a period of ap-
proximately four months (at least 129 days) in
the blood (Franzén et al., 2009). There is a lack
of information about seroconversion timelines
of different livestock animal species and on
PCR detection intervals.

The summarised information about A. pha-
gocytophilum infection rates in temperate and
cold regions of Europe varies significantly and
also depends on the testing method used; in
general, there are more serologically positive
samples than there are PCR confirmed cases.

Moreover, results of different studies depend
on the test group sizes, and in controlled selec-
tion, smaller test groups tend to result in more
anaplasmosis-positive samples than large and
randomly selected ones (Engvall et al., 1996;
Stuen et al., 2005), which represent epidemio-
logical situation more accurately. Average re-
sults change significantly when smaller-scale
studies (up to 50 test samples) are eliminated
from the calculations. Comparing data from
all the articles (Table 1), PCR positive samples
account for 16.2% on average, while serologi-
cally positive samples add up to 24% on average.
However, only 7.92% PCR-positive and 21.35%
seropositive samples were confirmed in farm
animals that were tested in larger than 50 groups
per study. For this reason, it is necessary to con-
tinue large-scale research to obtain a better per-
spective on the actual epidemiological situation.

Even though some countries in Europe make
a big effort to investigate tick-borne diseases,
including anaplasmosis (Drazovska et al., 2021;
Slivinska et al., 2016; Vichova et al., 2014), there
is little to no information about epidemiolocal
situation of A. phagocytophilum infections in
livestock in the Baltic region, the United King-
dom, and Ireland, as well as in Spain, Portugal,
and all the south-east region of Europe, although
clinical cases are described in most countries
(Goti¢ et al., 2017; Gussmann et al., 2014).

In addition to both serological and mo-
lecular tests in livestock animals, it is also very
important to evaluate A. phagocytophilum
provenance in its most common vector, Ixodes
ricinus ticks. Even though there is a lack of in-
formation from different countries in Europe to
evaluate the actual situation, the available data
shows that A. phagocytophilum infection rates
detected in tick population using the PCR me-
thod are relatively higher than infection rates
in farm animals (Hulinska et al., 2004; Vicho-
va etal., 2014).

CONCLUSIONS

The prevalence of A. phagocytophilum infection
in livestock varies depending on various factors
such as the geographical location, the density of
tick populations, the animal husbandry prac-
tices, and the testing methods used. In general,
there are more serologically positive samples
detected than PCR-confirmed ones.

A. phagocytophilum infection in livestock is
often asymptomatic or results in mild clinical
symptoms, and therefore the true prevalence of
the disease may be underestimated. Addition-
ally, tick-borne diseases are expected to become
more prevalent in the future due to climate
change and other environmental factors, high-
lighting the need for increased surveillance and
control measures.

A. phagocytophilum bacteria circulating in
the vector population (I. ricinus) may be higher
than in the host population. There is limited
data on this subject, and further investigation is
needed to determine if this difference is signifi-
cant and related.

Overall, while A. phagocytophilum infec-
tions in livestock are present in temperate and
cold regions of Europe, the prevalence can vary
widely, and further research is needed to fully
understand the epidemiology of this bacterium
in livestock populations.
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Donata Mikalauskiené, Zoja Mikniené

ANAPLASMA PHAGOCYTOPHILUM PAPLITI-
MO TARP UKINIU GYVUNU VIDUTINIO IR
SALTO KLIMATO EUROPOS REGIONUOSE
APZVALGA

Santrauka
Anaplasma phagocytophilum infekcijos dokumen-
tuotos daugelyje Europos $aliy, daugiausia Siaurés
ir Vidurio Europoje, kur klimatas yra vidutinis arba
Saltas. Siuose regionuose A. phagocytophilium in-
fekcijos daugiausia apraSomos vasaros laikotarpiu
tiriant ganyklinius gyvinus, tokius kaip galvijai bei
avys. Infekcijos daznis tarp tkiniy gyviny gali pri-
klausyti nuo dkininkavimo metodikos ir bandos
valdymo. Skirtingose $alyse atliktais tyrimais nu-
statyti jvairts ligos paplitimo dazniai. Serologinis
A. phagocytophilum paplitimas Europoje siekia iki
55 %. Didesni paplitimo rodikliai nustatomi regio-
nuose, kuriuose didesnis ir erkiy paplitimo tankis.
Molekuliniais metodais pagrjstais moksliniais tyri-
mais nustatytas iki 85,71 % (tiriant gyvtnus su kli-
nikiniais simptomais) ir 23,94 % (taikant atsitiktine
atranka) uzsikrétimo daznis. Anaplasma spp. in-
fekcijos daznai biina besimptomés arba klinikiniai
simptomai yra nespecifiniai, todél keliame hipoteze,
jog Europoje anaplazmozés atvejy gali buti daugiau,
nei $iuo metu yra jvertinta. Sioje apzvalgoje j moks-
liniy tyrimy duomeny analize nejtraukéme kliniki-
niy atvejy, nors misy tyrimo regione apie $ios ligos
atvejus prane$ama net keliose skirtingose valstybése.
Raktazodziai: A. phagocytophilium, anaplasmo-
z¢é, gyvunai, erkiy platinamos ligos, arkliai, galvijai,
avys



	_GoBack

