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Few data are available about the presence and distribution of Anaplasma species in cattle in North African
countries. In this study prevalence, co-infections, risk factors and genetic diversity of Anaplasma species
were evaluated in bovines from Northern Tunisia. A total of 232 cattle from 36 randomly selected farms
in three Tunisian localities were investigated for the presence of Anaplasma species in blood by Real-time
PCR and/or nested PCR. Overall infection rates of Anaplasma spp., Anaplasma marginale, Anaplasma cen-
trale and Anaplasma bovis were 34.9%, 25.4%, 15.1%, and 3.9%, respectively. Anaplasma phagocytophilum
was not detected in cattle. The most common co-infection pattern was an association of A. marginale
and A. centrale (11.2%). Five cattle (2.1%) all reared in the sub-humid bioclimatic area, were co-infected
by the three Anaplasma species. Molecular prevalence of Anaplasma infection varied significantly accord-
ing to locality, bioclimatic area, tick infestation and type of breeding. Animals of the Holstein breed were
less infected by A. marginale and A. centrale than other breeds. Genetic analysis of A. marginale msp4 gene
indicated a high sequence diversity of Tunisian strains, suggesting a multiple introduction of infected cat-
tle from different origins. Phylogenetic studies based on the 16S rRNA gene showed that the most preva-
lent A. centrale strains were closely related to the A. centrale vaccine strain. Moreover, all A. bovis variants
clustered with other A. bovis sequences obtained from domestic and wild ruminant strains. This is the
first molecular investigation on Anaplasma species in Tunisian cattle providing pivotal background for
designing epidemiological studies and to develop control strategies in the country.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Bovine anaplasmosis is a tick-borne rickettsial disease caused
by Anaplasma marginale, Anaplasma centrale, Anaplasma phagocy-
tophilum, and Anaplasma bovis (Dumler et al., 2001; Rar and
Golovljova, 2011). A. marginale, the type species of Anaplasma
genus, infects erythrocytes; it is highly pathogenic and widely dis-
tributed in tropical and subtropical regions (Kocan et al., 2003).

In cattle and wild ruminants, A. marginale causes disease, its
severity increases with the age of the animal, since calves are much
more resistant than adults (Kocan et al., 2003). In cattle aged of
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more than 2 years, A. marginale causes mild or severe disease char-
acterized by persistent fever, lethargy, icterus, weight loss, abor-
tion, milk yield decrease and death of more than 50% of
untreated animals (Kocan et al., 2003). In the Mediterranean area,
A. marginale was recorded in cattle from Morocco (Ait Hamou et al.,
2012), Egypt (El-Ashker et al., 2015), Turkey (Aktas et al., 2011)
and Italy (Carelli et al., 2007; Torina et al., 2008a,b; Zobba et al.,
2014).

A. centrale, an intraerythrocytic species closely related to
A. marginale, is often considered as a subspecies of A. marginale
(Dumler et al., 2001). A. centrale, which is less pathogenic to
A. marginale, causes mild symptoms in cattle and is considered as
a naturally attenuated subspecies (Rar and Golovljova, 2011).
That’s why it has been used extensively as a live vaccine against
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A. marginale in several countries (Kocan et al., 2010). The infection
with A. centrale provides a significant and long-lasting protective
immunity against a challenge with highly virulent A. marginale
strains (Kocan et al., 2003). Until now, A. centrale was identified
only in cattle located in the North Mediterranean countries such
as Italy (Georges et al., 2001; Carelli et al., 2007; Ceci et al,
2014; Zobba et al., 2014) and Turkey (Aktas et al., 2011).

A. phagocytophilum is an obligate intracellular parasite that
infects granulocytes. It causes tick-borne fever (TBF) in ruminants
(Rikihisa, 1991) characterized by high fever; respiratory symp-
toms, leucopenia, abortion and sudden milk yield decrease
(Stuen, 2007). It has been reported in cattle from Czech Republic
(Hulinska et al., 2004), France (Laloy et al., 2009), Switzerland
(Hofmann-Lehmann et al., 2004), Italy (Torina et al., 2008a,b),
Spain (de la Fuente et al, 2005b; Naranjo et al., 2006),
Guatemala (Teglas et al., 2005) and Japan (Ooshiro et al., 2008;
Jilintai et al., 2009; Murase et al., 2011; Ybafez et al.,, 2013;
Zhang et al., 2012a,b).

A. bovis, a monocytotropic species, has been detected in several
ruminants from many countries (Sreekumar et al., 1996; Liu et al.,
2012). It has been isolated from cattle and deer in Japan (Kawahara
et al., 2006; Ooshiro et al., 2008; Jilintai et al., 2009), cattle in Iran
(Noaman and Shayan, 2010), water deer in South Korea (Kang
et al,, 2011) and goats in China (Liu et al., 2012). A. bovis infection
has been documented as asymptomatic but it can cause fever,
anaemia, weight loss, and occasionally abortion and death
(Donatien and Lestoquard, 1936). Recently Anaplasma ovis, the cau-
sative agent of ovine anaplasmosis, has been detected and charac-
terized in sheep from Northern and Central Tunisia (Belkahia et al.,
2014).

To date, there are only few data regarding the presence of
Anaplasma species in Tunisian livestock, especially in ruminants.
Indeed, few molecular findings demonstrate the occurrence of
A. phagocytophilum infections in dogs and horses (M’ghirbi et al.,
2009, 2012). A. phagocytophilum was also reported in Tunisian
horses and dromedaries by immunofluorescence antibody test
(IFAT) (Ben Said et al., 2014a,b).

Aims of this study were to evaluate the prevalence,
co-infections, risk factors, and genetic variability of Anaplasma spe-
cies in cattle from three Tunisian localities belonging to 2 biocli-
matic areas.

2. Materials and methods
2.1. Cattle population and study regions

Between July and December 2012, blood was collected from
232 cattle (199 females and 33 males) reared in 36 farms in three
localities of the Bizerte governorate (Northern Tunisia): (i) Utique
(37°16'N, 9°52’E) a semi-arid area with a mean annual rainfall of
400 mm, (ii) El Alia (37°16'N, 10°03’E) and Mateur (37°02'N,
9°39E) both belonging to sub-humid bioclimatic area with a mean
annual rainfall of 600 mm (Fig. 1).

2.2. Blood sampling, ticks collection and DNA extraction

Blood samples were collected from the jugular vein in EDTA
tubes. For each animal, breeding type, gender, age and presence
or absence of ticks were noted. DNA was extracted from 300 pul vol-
ume of EDTA-preserved whole blood using the Wizard® Genomic
DNA purification kit (Promega, Madison, USA) according to the
manufacturer’s instructions. DNA yields were determined with a
spectrophotometer (Jenway, Genova, Italy) and stored at —20 °C
until use.

2.3. Duplex real time PCR

DNA samples were tested for the presence of A. marginale and
A. centrale with species-specific primers and TagMan probes as
described by Carelli et al. (2007) and Decaro et al. (2008), respec-
tively (Table 1). Briefly, 2 fragments of 95 and 77-bp, correspond-
ing respectively to the A. marginale msp1b and A. centrale groEL
genes were targeted in a real time PCR reaction performed by using
Premix Ex Taq™ (Perfect Real Time, Takara Mirus Bio, Madison, WI,
USA) in a 7500/7500 Fast Real-Time PCR System quantitative
thermal cycler (Applied Biosystems, USA). The simultaneous
amplification of A. marginale and A. centrale detection was obtained
by using primers AM-For and AM-Rev at 600 nM each, probe
AM-Pb-FAM at 200 nM, primers AC-For and AC-Rev at 900 nM
each, probe AC-Pb-VIC at 200 nM, and 2 pl of template DNA
(Table 1), in a duplex format. Thermal cycling conditions included
an initial activation of Taqg DNA polymerase at 95 °C for 15 min
followed by 45 cycles of 1 min denaturation at 95 °C and 1 min
annealing-extension step at 60 °C. Distilled water and DNA bovine
samples positive to A. marginale and A. centrale (Zobba et al., 2014)
were included in all PCR runs.

2.4. Single and nested PCR

Primer pair EE1 and EE2 was used in a first PCR for amplifying
the 16S rRNA gene of all Anaplasma species potentially present in
cattle (Barlough et al., 1996) (Table 1). PCR reaction was performed
in a final volume of 50 pl containing 0.125 U/ul Taq DNA poly-
merase (Biobasic Inc, Canada), 1x PCR buffer, 1.5 mM MgCl,,
0.2 mM dNTPs, 2 pl genomic DNA, 0.5 uM of primers. Thermal
cycling profile was as described by Liu et al. (2012). A. phagocy-
tophilum, A. centrale and A. bovis specific primers were used in
nested PCR for strains detection and characterisation (Table 1).
One microliter of the first PCR product was used as target DNA in
the nested PCRs, thermally profiled as in Kawahara et al. (2006).
Distilled water and DNA extracted from A. phagocytophilum, A. mar-
ginale, A. centrale and A. bovis were used as negative and positive
controls, respectively. PCR products were electrophoresed in 1%
agarose gel and sized with 1 Kb Plus DNA Ladder (Promega,
Madison, WI, USA).

For A. marginale by msp4 genotyping, bovine samples positive to
A. marginale by real-time PCR were used in a traditional PCR with
MSP45 and MSP43 primers (de la Fuente et al., 2005b, 2007a,b)
(Table 1). Shortly, reactions contained 1x PCR buffer, 1.5 mM
MgCl,, 0.2mM dNTPs and 0.125U/ul Taq DNA Polymerase
(Biobasic Inc, Canada), 2 pl (1-10 ng) DNA, 0.5 uM of the primers,
and milliQ sterile water to a total volume of 50 pl. In each experi-
ment distilled water and DNA extracted from A. marginale (Zobba
et al., 2014) were used as negative and positive controls, respec-
tively. Thermal cycling reactions were performed as described by
de la Fuente et al. (2005b, 2007a,b). PCR products were elec-
trophoresed in 1.5% agarose gel.

2.5. DNA sequencing and data analysis

A selection of PCR products obtained with primers
MSP45/MSP43, AC1f/AC1r and AB1f/AB1r and respectively repre-
sentative of A. marginale (15 amplicons), A. centrale (18 amplicons)
and A. bovis (5 amplicons), were purified with the GF-1 Ambi Clean
kit (Vivantis, USA) according to manufacturer’s instructions.
Purified DNA fragments were sequenced in both directions,
using the same primers as for the PCR amplifications (Table 1).
The reaction was performed using a conventional Big Dye
Terminator cycle sequencing ready reaction kit (Perkin Elmer,
Applied Biosystems, Foster City, USA) and an ABI3730XL auto-
mated DNA sequencer (Macrogen Europe, Amsterdam, The
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Fig. 1. Map of the Tunisian studied localities. (A) Map of Tunisia showing the governorate of Bizerte and (B) Map of Bizerte governorate showing the location of El Alia, Utique

and Mateur localities.

Table 1

Primers and/or probes used for detection and/or characterization of Anaplasma phagocytophilum, A. marginale, A. centrale and A. bovis in cattle in the present study.

Assay Primer/probe Sequence 5’ to 3’

Target gene Amplicon size (bp) References

Duplex real-time PCR

A. marginale AM-For TTGGCAAGGCAGCAGCTT msplb 95 Carelli et al. 2007)
AM-Rev TTCCGCGAGCATGTGCAT
AM-Pb* 6FAM-TCGGTCTAACATCTCCAGGCTTTCAT-6TAMRA

A. centrale AC-For CTATACACGCTTGCATCTC groEL 77 Decaro et al. (2008)
AC-Rev CGCTTTATGATGTTGATGC
AC-Pb* VIC-ATCATCATTCTTCCCCTTTACCTCGT-6TAMRA

PCR 1°

Anaplasma spp. EE-1 TCCTGGCTCAGAACGAACGCTGGCGGC 16S ARNr 1433 Barlough et al. (1996)
EE-2 AGTCACTGACCCAACCTTAAATGGCTG

PCR 2P

A. phagocytophilum SSAP2f* GCTGAATGTGGGGATAATTTAT 16S ARNr 641 Kawahara et al. (2006)
SSAP2r¢ ATGGCTGCTTCCTTTCGGTTA

A. bovis AB1f° CTCGTAGCTTGCTATGAGAAC 16S ARNr 551 Kawahara et al. (2006)
AB1r® TCTCCCGGACTCCAGTCTG

A. centrale ACIf CTGCTTTTAATACTGCAGGACTA 16S ARNr 426 Kawahara et al. (2006)
AC1r® ATGCAGCACCTGTGTGAGGT

PCR

A. marginale MSP45" GGGAGCTCCTATGAATTACAGAGAATTGTTTAC msp4 852 de la Fuente et al. (2005a,b)
MSP43' CCGGATCCTTAGCTGAACAGGAATCTTGC

@ First PCR allowing the detection of all Anaplasma species.

b Second PCR allowing the species detection of A. phagocytophilum, A. bovis and A. centrale.
¢ The quencher dye fluorophore for the A. marginale probe was modified on 6-carboxyl-tetramethyl-rhodamine (6TAMRA) instead of Black Hole Quencher 1 (BHQ1) used by

Carelli et al. (2007).

4 The reporter and quencher dye fluorophores for A. centrale probe were modified on 4,7,2-trichloro-7'-phenyl-6-carboxyfluorescein (VIC) and 6-carboxyl-tetramethyl-
rhodamine (6TAMRA) instead of Texas Red and Black Hole Quencher 2 (BHQ2), respectively used by Decaro et al. (2008).

¢ Primers used in PCR and sequencing reactions for the detection and the characterization of A. phagocytophilum and A. bovis and the characterization of A. centrale.

f Primers used in PCR and sequencing reactions for the characterization of A. marginale.

Netherlands). Chromatograms were edited with Chromas Lite v
2.01. The DNAMAN program (Version 5.2.2; Lynnon Biosoft, Que.,
Canada) was used to perform multiple sequence alignment of
16S rRNA and msp4 sequences and to translate nucleotide to ami-
noacid MSP4 sequences. Similarity searches were conducted by
using BLAST (http://blast.ncbi.nlm.nih.gov, Altschul et al., 1997).
DNAMAN program was also used to calculate genetic distances
computed by the maximum composite likelihood method
(Tamura and Nei, 1993). Neighbor-joining trees were built by using
the same software (Saitou and Nei, 1987). Statistical support for

internal branches was established by bootstrap analysis with
1000 reiterations.

2.6. Sequence accession numbers

The msp4 partial sequences of A. marginale AmGBv1 to AmGBv9
variants have been deposited in the GenBank under accession
numbers KJ512166 to KJ512174. The 16S rRNA partial sequences
of A. centrale AcGBv1l to AmGBv6 variants have been deposited
under GenBank accession numbers KM401896 to KM401901.


http://blast.ncbi.nlm.nih.gov

364 H. Belkahia et al. /Infection, Genetics and Evolution 34 (2015) 361-371

Finally, 16S rRNA partial sequences of A. bovis AbGBv1 to AbGBv3
variants have been deposited under GenBank accession numbers
KM401902 to KM401905.

2.7. Statistical analyses

Exact confidence intervals (CI) for prevalence rates at the 95%
level were calculated. Comparison of the prevalence of Anaplasma
species and co-infections among different groups for each risk fac-
tor and among different localities and bioclimatic areas were per-
formed using the x? and Fisher’s exact tests, with the Epi Info 6.01
software (CDC, Atlanta). Observed differences were considered to
be statistically significant at a 0.05 threshold value. In order to con-
sider any confusion factor, a chi square Mantel-Haenszel test was
performed.

3. Results
3.1. Molecular survey of Anaplasma species

The overall prevalence of Anaplasma spp., A. marginale, A. cen-
trale and A. bovis were respectively 34.9%, 25.4%, 15.1%, and 3.9%.
A. phagocytophilum was not detected in any of the tested cattle.
Cattle from El Alia and Mateur (sub-humid area) were more
infected by A. marginale (31.5%), A. centrale (20.5%) and A. bovis
(6.2%) than those from Utique (semi-arid area) (15.1; 5.8% and
0% respectively) (p =0.006, p=0.002 and p =0.018 respectively)
(Table 2). Cattle infested by ticks were statistically more infected
by A. marginale (47.6%), A. centrale (33.3%) and A. bovis (23.8%)
compared to those free of ticks (23.2; 13.3% and 1.9% respectively)
(p=0.014, p=0.014 and p < 0.001 respectively). In addition, cattle
reared in traditional premises were statistically more infected by A.
marginale (55.6%), A. centrale (37.0%) and A. bovis (14.8%) compared
to those living in modern premises (21.5; 12.2% and 2.4%
respectively) (p<0.001, p<0.001 and p=0.001 respectively).

Furthermore, Holstein cattle were significantly less infected by
A. marginale (p < 0.001) and A. centrale (p < 0.001) than other breeds
(Table 2). The most common co-infection pattern was A. marginale
and A. centrale (11.2%), which reached 21% in cattle from Mateur
(governorate of Bizerte) (Table 3). Most of co-infected animals
(96.1%) belonged to the sub-humid region. The second most
common co-infection patterns were A. marginale and A. bovis, and
A. centrale and A. bovis, estimated to 2.6%. Five cattle (2.2%) were
co-infected by the three Anaplasma species and the highest
co-infection rate was reported in cattle from El Alia locality (gover-
norate of Bizerte) (5.7%) belonging to sub-humid area (Table 3).

3.2. Molecular characterization

3.2.1. A. marginale msp4 variants

A. marginale infections were validated by sequencing 805 bp
(94.7%) of the msp4 gene from 15 randomly selected positive cattle
samples, five from each of the sampling regions. Sequences align-
ment revealed 9 distinct and novel genotypes (AmGBv1 to 9;
GenBank accession numbers KJ512166 to KJ512174). Genotypes
were distributed in single or multiple hosts and in one or more
sampling sites (Table 4). Average nucleotide identity among geno-
types was 98.5% (99.9% at the amino acid level). Fifteen SNPs were
observed representing 5 non synonymous substitutions (Table 4).
Genotypes were 98.1% to 99.9% homologous on comparisons with
A. marginale genotypes published in the GenBank. When compared
to the A. centrale reference sequence (GenBank accession number
AF428090), identities ranged from 82.6 to 83.2 (nucleotides) and
from 88.1% to 88.4% (amino acids).

Phylogenetic analysis based on the alignment of the 9 geno-
types obtained in this study with 51 sequences obtained from
the GenBank (representing the genetic variability of A. marginale)
originated 3 main clusters (Fig. 2). The first cluster included strains
from Africa (Nigeria, Zimbabwe, Kenya and South Africa), North
America (represented exclusively by USA) and Southern Europe
(Italy and Spain). The second cluster contained strains from Latin

Table 2
Molecular prevalence results of Anaplasma marginale, A. centrale and A. bovis according to bioclimatic zone, locality, gender, age, tick infestation and breed of cattle.
Number A. marginale A. centrale A. bovis
Positive (% + C.I.%) P-value Positive (% + C.I.%) P-value Positive (% + C.I.%) P-value
Bioclimatic zone 0.006 0.002° 0.018"
Sub-humid 146 46 (31.5+0.07) 30 (20.5 £ 0.06) 9 (6.2 £0.03)
Semi-arid 86 13 (15.1 £0.08) 5(5.8+0.05) 0 (0)
Locality 0.003 0.010 0.000
El Alia 70 17 (24.3 £0.10) 14 (20.0 £ 0.09) 8(11.4+0.07)
Mateur 76 29(38.2+0.11) 16 (21.0 £ 0.09) 1(1.3£0.02)
Utique 86 13 (15.1 £0.08) 5 (5.8+0.05) 0(0)
Gender 0.865 0.288 0.785
Male 33 8(24.2+£0.15) 7 (21.2+0.14) 1(3.0£0.05)
Female 199 51 (25.6 £ 0.06) 28 (14.1£0.05) 8 (4.0+0.02)
Age 0.083 0.736 0.297
<1year 30 7 (23.3+0.15) 4(133£0.12) 0(0)
>1 and <3 years 44 16 (36.3 £0.14) 9(204+£0.12) 0 (0)
>3 and <7 years 112 30(26.8 +0.08) 16(14.3 £ 0.06) 5(4.5+0.03)
>7 years 46 6(13.0 £ 0.09) 6(13.0 £ 0.09) 4(8.7 £0.08)
Breed 0.004 0.000 0.132
Holstein 196 43 (21.9+0.05) 22(11.2+0.04) 6(3.1+£0.02)
Other breeds” 36 16 (44.4£0.16) 13 (36.1+£0.15) 3(8.3+0.09)
Tick infestation 0.014 0.014 0.000°
Infested 21 10 (47.6 £0.21) 7 (33.3+£0.20) 5(23.8+0.18)
Not infested 211 49 (23.2 £ 0.06) 28 (13.3+0.05) 4(1.910.01)
Breeding type 0.000 0.000 0.001
Traditional 27 15 (55.6 £0.19) 10 (37.0+0.18) 4 (14.8+0.13)
Modern 205 44 (21.5+0.06) 25(12.2 £0.05) 5(2.4+0.02)
Total 232 59 (25.4 £ 0.06) 35(15.1+0.05) 9(3.9+0.02)

2 C.I.: 95% confidence interval.
b Charolais, Schwytz, Tarentaise and Cross-bred.
" Statistically significant test.
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Table 3

365

Co-infection rates of Anaplasma marginale, A. centrale and A. bovis according to bioclimatic areas and localities.

Bioclimatic area Locality Number Co-infected cattle (% + C.I.%)
AmP[A.c AmP[A.bY Ac|AbY AmP|A.cc|Ab¢
Sub-humid El Alia 70 9(12.9+0.07) 5 (7.1 £0.06) 5(7.1£0.06) 4 (5.7 £0.05)
Mateur 76 16 (21.0 £ 0.09) 1(1.3£0.02) 1(1.3£0.02) 1(1.3£0.02)
Total 146 25 (17.1+£0.06) 6 (4.1+£0.03) 6 (4.1+£0.03) 5(3.4+0.02)
Semi-arid Utique 86 1(1.2+£0.02) 0(0) 0(0) 0(0)
Total 232 26 (11.2+0.04) 6 (2.6 £0.01) 6 (2.6 £0.01) 5(2.2+0.01)
2 CIL: 95% confidence interval.
> A .m: Anaplama marginale.
¢ A.c: Anaplama centrale.
4 A.b: Anaplama bovis.
Table 4
Nucleotide and amino acid differences among msp4 sequences from Anaplasma marginale strains.
Variant® Genbank ®  msp4 nucleotide positions (amino acid positions) ¢
81 87 148 (50) 206 (69) 270 312 324 354 384(128) 397(133) 423 489 564 742(248) 798
AmGBv1 KJ512166 G A G (G) G(S) A A G G C(S) C(A) A C G A G
AmGBv2 KJ512167 A * * * G G A A * * G * A * *
AmGBv3  KJ512168 * * * * G G A * * * G * A C(L) A
AmGBv4 KJ512169 A * * * G G A * * * * * * * A
AmGBv5 KJ512170 * * * * * * * * * * * T * * A
AmGBv6  KJ512171 * * * * G G A * * * G * A * A
AmGBv7 KJ512172 A * * * G G A * * * * T * * *
AmGBvS8 KJ512173 * * * * * * * % * * * T * * *
AmGBv9  KJ512174 A G A(S) A (N) * * * A G (R) G (G) G T A * A

Amino acids: G, Glycine; S, Serine; A, Alanine; I, Isoleucine; L, Leucine; R, Arginine; N, Asparagine; Nucleotides: T, Thymine; C, Cytosine; G, Guanine; A, Adenine.

2 AmGBv1 variant was isolated from Ut2 sample; AmGBv2 variant was isolated from Ut3 sample; AmGBv3 variant was isolated from Ut1; Ut4 and Ut5 samples; AmGBv4
was isolated from Mt1 sample; AmGBv5 variant was isolated from Mt2 sample; AmGBv6 variant was isolated from Mt3 sample; AmGBv7 variant was isolated from Mt4
sample; AmGBvVS8 variant was isolated from Mt5; Al1; Al2; Al3 and Al5 samples and AmGBv9 variant was isolated from Al4 sample. Mt1-Mt5, Ut1-Ut5 and Al1-Al5 samples

were collected from Mateur, Utique and El Alia localities, respectively.
b GenBank accession number.

¢ Numbers represent the nucleotide position starting at translation initiation codon Adenine with respect to the Stillwater 2 strain for Anaplasma marginale from USA
(GenBank accession number JN558825) (de la Fuente et al., 2003b). Conserved nucleotide positions relative to the first sequence are indicated with asterisks. Amino acid

changes are indicated between parentheses with single letter code.

America (e.g. Mexico, Brazil, Venezuela and Argentina), Asia (like
Taiwan and Australia) and Southern Europe (such as Italy). The last
included two strains from Hungary. Tunisian strains were assigned
to the first (8 genotypes) and to the third (1 genotype) clusters. In
particular genotypes AmGBv1, AmGBv5, and AmGBv8, clustered in
a sub-cluster with the Italian strain Bs19. AmGBv2 clustered in a
second sub-cluster with three American strains (Saint Maries,
California and Stillwater). AmGBv3 and AmGBv6 genotypes clus-
tered in a third sub-cluster with strain Sp9 from Spain. AmGBv7
clustered in the African sub-cluster with three strains from
Zimbabwe (2-4, 3-9 and 1-6 strains), one strain from South
Africa (SWA strain) and one from Kenya (#661kari strain).
AmGBvV4 clustered in a fifth sub-cluster with the Oklahoma strain
from USA. Eventually, AmGBv9 genotype clustered separately from
the others in the third cluster with 2 Hungarian isolates (50(G16)
and 51(G18) strains.

3.2.2. A. centrale 16S rRNA variants

A. centrale infections were validated by sequencing 383 bp
(25.6%) of the 16S rRNA gene from 18 randomly selected positive
samples (8 from El Alia, 7 form Mateur, and 3 from Utique).
Alignment of these sequences allowed the identification of 5 novel
16S rRNA gene variants (AcGBv1 to AcGBv6; GenBank accession
numbers KM401896 to KM401901) differing by six nucleotide sub-
stitutions (Table 5). 16S rRNA gene variants obtained in this study
were 99.2% to 99.7% homologous and were 99.2% to 100% similar to
the A. centrale genotypes published in GenBank. Nucleotide homol-
ogy decreased (98.4% to 99.2%) when the novel 16S rRNA gene
variants were compared to an A. marginale sequence isolated from
Japanese cattle (Ishigaki-2007 strain).

Upon phylogenetic analyses all A. centrale strains clustered in a
single group, relatively distant from A. marginale and A. ovis.
Tunisian variants clustered into three clusters (Fig. 3). Four vari-
ants (AcGBv1, AcGBv2, AcGBv5 and AcGBv6) clustered in a first
cluster with the majority of the other A. centrale variants included
in the phylogenetic analyses. The A. centrale Tunisian variant
AcGBv2 was the most represented in positive samples and was
identical to a variant identified in cattle and buffaloes from
Europe and Africa. AcGBv3 variant clustered in a second cluster
with the Japanese variant (strain Aomori) while AcGBv4 clustered
separately in a third cluster.

3.2.3. A. bovis 16S rRNA variants

Sequencing of 511 bp (34.2%) of the 16S rRNA from five ran-
domly selected positive cattle samples validated A. bovis infection.
Based on alignment 3 distinct variants were identified (AbGBv1 to
AbGBv3; GenBank accession numbers KM401902 to KM401904).
Two out of 3 showed a degree of nucleotide diversity when com-
pared to published sequences and were considered new
(Table 5). Variants differed in 2 nucleotide positions substitutions
and where 99.6% to 99.8% homologous. A. bovis variants obtained
this study were 99.6% to 100% homologous to the A. bovis geno-
types published in the GenBank. Phylogenetic trees showed that
all A. bovis variants clustered a monophyletic cluster distinct from
other Anaplasma species and closely related to Anaplasma platys
and A. phagocytophilum (Fig. 4). All A. bovis Tunisian variants were
included in this cluster, albeit AbGBv1 and AbGBv2 variants clus-
tered separately, while AbGBv3 variant clustered with two variants
isolated from Japanese and South Korean deer and one variant iso-
lated from Haemaphysalis longicornis in South Korea (Fig. 4).
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74, AmGByl strain - Tunisia - KJ512166 *
Bs19 strain - Italy - DQ000618
AmGB S strain - Tunisia - KJ512170 %
50~ AmGBV8 strain - Tunisia - KJ512173 *
Stillwater 2 strain - USA - AY127076
AMII genotype - Italy - EU436159
67 AmGB+2 strain - Tunisia - KJ512167 %
6 Saint Maries isolate - USA - AY010249
Califomia isolate - USA - AY010248
Stillwater 1 strain - USA - AY127075
83 AmGBy3 strain - Tunisia - KJ512168 *
AmGBv6 strain - Tunisia - KJ512171 *
Sp9 isolate - Spain - AY456003
Taranto 2 strain - Italy - AY829459
79 Vibo Valenzia 1 strain - Italy - AY829460
2-6isolate - Zimbabwe - AY666008
Italy 30 strain - Italy - AY702920
AmGBv7 strain - Tunisia - KJ512172
24 isolate - Zimbabwe - AY666007
3-9 isolate - Zimbabwe - AY666009
SWA isolate - South-Africa - AY666005
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Oklahoma isolate - USA - AY010252
Zaria isolate - Nigeria - EU106082
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Florida strain - USA - CP001079
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|—————— Henan strain - China - HM640938
|—— Zulia strain - Venezuela - AY737009

Puerto Rico strain - Puerto Rico - AY191827
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Virasoro strain - Argentina - AF428087

Brazil 7 isolate - Brazil - AY283193

Tlapacoyan mex 30 184 03 isolate - Mexico - IN364652
SP7 isolate - Spain - AY456002
53 - Brazil 12 isolate - Brazil - AY283197
Brazil 3 isolate - Brazil - AY283189
Brazil J isolate - Brazil - AY283191
Brazil 9 isolate - Brazil - AY283195
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Brazil 10 isolate - Brazil - AY283196
TWN1 Nantou strain - Taiwan - EU677383
Soto la Marina Mex 28-037-01 isolate - Mexico - IN364648
Tlapacoyan Mex 30-184-01 isolate - Mexico - IN364646
65 T8 Tamautipas genotype - Mexico - EU283846
T2 Tamaulipas genotype - Mexico - EU283843

T6 Tamaulipas genotype - Mexico - EU283844
Pichucalco Chiapas strain - Mexico - EF033264

Chur strain - Switzerland - AY851150
Italy 16 strain - Italy - AY702919
Israeli tailed strain - Israel - AY786994
Italy 8 strain - Italy - AY702918
Taranto 1 strain - Italy - AY829458
AmGB¥9 strain - Tunisia - KJ512174 5

50 (G16) isolate - Hungary - EU315782
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A. marginale

j A. ovis

Fig. 2. Neighbor-joining tree based on the multiple alignment of partial Anaplasma marginale msp4 sequences (805 bp). The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) (only percentages greater than 50% were represented). The nine new sequences of A. marginale
obtained in the present study are represented in bold and marked with asterisks. The host or vector, the strain or isolate name, the country of origin and the GenBank

accession number are indicated.

Table 5

Nucleotide diversity among 16S rRNA sequences from Anaplasma centrale (383 pb) and Anaplasma bovis (511 pb).

Anaplasma sp. Variant Sample symbol ¢ Genbank " 16S rRNA nucleotide positions ©

A. centrale 622 793 962 963 971 980
AcGBv1 Al1; Al5; Mt1 KM401896 T G C C G G
AcGBv2 Al3; Al6-Al8; Mt4; Mt5; Ut2; Ut3 KM401897 * T * * * *
AcGBv3 Al2 KM401898 * T T * A *
AcGBv4 Al4 KM401899 A T T * * *
AcGBv5 Mt6 KM401900 * T * T * *
AcGBv6 Mt7 KM401901 * T * * * C

A. bovis 82 166
AbGBv1 All; Al3; Al4 KM401902 G T
AbGBv2 Al2 KM401903 A *
AbGBv3 Al5 KM401904 A A

Nucleotides: T, Thymine; C, Cytosine; G, Guanine; A, Adenine.

2 Al1-Al8, Mt1-Mt7 and Ut1-Ut3 A. centrale positive cattle samples were collected from El Alia, Mateur and Utique localities, respectively. Al1-Al5 A. bovis positive cattle
samples were collected from El Alia locality.

b GenBank accession number.

€ Numbers represent the nucleotide position with respect to A. centrale South-African vaccine strain (GenBank accession number AF414868) and the isolate G55 (clone 55)
from China for A. bovis (GenBank accession number JN558825). Conserved nucleotide positions relative to the first sequence are indicated with asterisks.



H. Belkahia et al. / Infection, Genetics and Evolution 34 (2015) 361-371 367

A. centrale - Strain 1 - Cattle - Italy - EF520687
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A. centrale - Strain 16 - Cattle - Italy - EF520690
A. centrale - Strain CC - Cattle - Italy - EF520686

|

A. centrale - Srain Israel - Cattle - Israel - NR —074356
A. centrale - Strain vaccine - Cattle - Israel - AF309869

2]

f 0.01 |

A. centrale - Strain Aomori - Cattle - Japan - AF283007
| A. centrale - Strain AcGBv3 - Cattle - Tunisia - KM401898 »

64| A- centrale - Strain AcGBv2 - Cattle - Tunisia - KM401897 *

A. centrale - Strain vaccine - Cattle - Netherlands - AF318944

A. centrale - Rhipicephalus simus tick - South-Africa - AF414869

A. centrale - Strain HIP/AS8/c - African buffalo - South-Africa - KC189840

A. centrale - Strain HIP/A8/d - African Buffalo - South-Africa - KC189841

A. centrale - Strain KNP/K7/a - Cattle - South-Africa - KC189839

A. centrale - Isolate C4B - Cattle - Philippines - JQ839010

A. centrale - Strain vaccine - Cattle - Australia - AF414868

A. centrale - Strain HIP/AS/e - Cattle - South-Africa - KC189842
A. centrale - Strain KNP/G26/a - Cattle - South-Africa- KC189838

A. centrale - Strain AcGBvl1 - Cattle - Tunisia - KM401896 *

A. centrale - Strain AcGBv6 - Cattle - Tunisia - KM401901 %

A. centrale - Strain AcGBvS5 - Cattle - Tunisia - KM401900 *

A. centrale - Strain AcGBv4 - Cattle - Tunisia - KM401899 *

A. ovis - Isolate Zhangjiachuan - Sheep - China - AJ633051
T|__ A. marginale - Strain Ishigaki-2007 - Cattle - Japan - F1226454

:| Cluster 1

A tral
Cluster 2 cenrate

7] Chuster 3 i
7] 4 ovis
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Fig. 3. Phylogenetic tree of 383 bp sequences of Anaplasma centrale 16S rRNA gene using the neighbor-joining method. Numbers associated with nodes represent the
percentage of 1000 bootstrap iterations supporting the nodes (only percentages greater than 50% were represented). A. centrale sequences obtained in the present study are
represented in bold and marked with asterisks. The host or vector, the strain or isolate name, the country of origin and the GenBank accession number are indicated.

4. Discussion

Despite numerous reports of anaplasmosis outbreaks in Tunisia
(Sarih et al., 2005; M’ghirbi et al.,, 2009, 2012; Ben Said et al.,
2014a,b; Belkahia et al., 2014), no epidemiological studies have
been carried out to investigate the molecular evidence and spread
of Anaplasma species in Tunisian cattle. In this study, we investi-
gated the molecular epidemiology of Anaplasma infections in cattle
from three localities belonging to two different bioclimatic areas.

We report for the first time the evidence of A. marginale infec-
tion in Tunisian cattle. A. marginale prevalence (overall 25.4%, min-
imum 15.1% in Utique, maximum 38.2% in Mateur) was similar to
that reported from Morocco (21.9%) (Ait Hamou et al., 2012) and
Egypt (20.1%) (El-Ashker et al., 2015), and higher than that
reported in Sudan (6.1%) (Awad et al., 2011), Turkey (2.3%)
(Aktas et al., 2011) and Mongolia (8.7%) (Ybafiez et al., 2012). The
highest A. marginale prevalence level observed in cattle were in
Angola (38%) (Kubelova et al., 2012); Zambia (47.9%) (Yamada
et al., 2009); South Africa (49% and 65% to 100%) (Mtshali et al.,
2013; Mutshembele et al., 2014); Italy with 39% and 40% reported
by Carelli et al. (2007) and Torina et al. (2008a); India with 48.7%
and 51% published by Ashuma et al. (2013) and Singh et al.
(2012); Philippines (54.7%) (Ybafiez et al., 2013); Costa Rica
(56.9%) (Shebish et al., 2012); and Brazil (60.6%) (Canever et al.,
2014).

The detection of heterogenic A. marginale strains in this study
clustering in the first and third clusters suggests that
phylo-geographical resolution may be obtained at the regional
level as reported by de la Fuente et al. (2003b, 2004 ), but not when
the analysis is conducted worldwide. This heterogeneity could be
explained, in part, by the importation of live cattle and/or the dis-
semination of Anaplasma spp. infected ticks with migratory birds
which are proved by several studies from different countries
(Alekseev et al., 2001; Ogden et al.,, 2008; Hildebrandt et al.,
2010; Kang et al., 2013). Results suggest multiple A. marginale

introductions in Tunisia especially from Southern Europe and
North American countries. Similar findings have been documented
for A. marginale Mexican and Italian isolates as reported by
Rodriguez et al. (2000) and de la Fuente et al. (2005a), respectively.
In this study, 9 novel A. marginale strains were characterized.
Additionally to the multiple introductions of different strains, the
presence of novel strains with high diversity may be caused by a
co-evolution process of A. marginale and its potential tick vectors
found in Tunisia. Exploring the MSP4 polymorphism, de la Fuente
et al. (2001c) showed the presence of a co-evolution between
A. marginale and its tick vector, Dermacentor variabilis, in the
USA. The evolutionary history of vector-pathogen interactions
could be reflected in the sequences of MSP4 (McGarey et al.,
1994, de la Fuente et al., 2001a,b, 2003a,c).

In this cross-sectional study, A. centrale was found in 15.1% of
examined cattle (minimum 5.8% in Utique and maximum 21.0%
in Mateur). To our knowledge, this is the first estimate of A. centrale
prevalence in cattle from North Africa. A. centrale prevalence rate
was higher than that observed in Turkey (0.8%) (Aktas et al.,
2011), similar to the prevalence reported by Ceci et al. (2014) in
Southern Italy (13.8%) and lower to that estimated by Carelli
et al. (2007) in Southern Italy (39.2%).

The analysis of A. centrale 16S rRNA sequences revealed six dif-
ferent variants all grouped in a single cluster which is separated
from A. marginale and A. ovis (Table 5 and Fig. 3). Within this clus-
ter, Tunisian strains can be classified into 3 sub-clusters suggesting
multiple introductions of different strains of A. centrale in studied
regions. Similar results have been reported by Ceci et al. (2008)
in Italy. AcGBv2 is the most frequent A. centrale variant; it is iden-
tical to the vaccine strain from several sub-Saharan African and
European countries (Bekker et al., 2002; Lew et al., 2003). Since
attenuated live A. centrale vaccines were never used in Tunisia,
we can presume that this strain was introduced with cattle from
countries where this vaccine is licensed. AcGBv3 and AcGBv4
strains were distantly related to A. centrale vaccine strain,
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Fig. 4. Phylogenetical relationships based on the partial nucleotide sequences (511 bp) of 16S rRNA gene of new A. bovis variants with other variants from A. bovis strains and
Anaplasma species available in GenBank. Numbers associated with nodes represent the percentage of 1000 bootstrap iterations supporting the nodes (only percentages
greater than 50% were represented). The host or vector, the strain or isolate name, the country of origin and the GenBank accession number are indicated. Sequences newly

obtained in the present study are indicated in bold and marked with asterisks.

especially AcGBv3 strain which is closely related to Japanese strain
(Inokuma et al., 2001) and which will require, according to Lew
et al. (2003), further analysis for a better comprehension of its
taxonomic status.

Molecular survey of A. bovis in cattle showed that overall preva-
lence was 3.9% (minimum 0% in Utique, maximum 11.2% in El Alia).

This is the first A. bovis molecular prevalence estimate in cattle
from a country located in the South Mediterranean area. Our
findings were similar to those reported from Italy (4.2%) (Ceci
et al.,, 2014) and Iran (2.7%) (Noaman and Shayan, 2010), lower
to those from Japan (15-53.3%) (Ooshiro et al., 2008; Jilintai
et al., 2009) and to other ruminants such as goats (49.6%) in
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China (Liu et al., 2012), water deer (34.8%) in South Korea (Kang
et al., 2011) and deer (23%) in Japan (Kawahara et al.,, 2006).
A. bovis infection in investigated cattle was validated by 16S
rRNA gene sequencing. In agreement with several other authors
(Ooshiro et al., 2008; Doan et al., 2013; Ybafiez et al. 2013), the
phylogenetic analysis showed two main groups, one consisting of
A. phagocytophilum, A. platys and A. bovis, and a second consisting
of A. marginale, A. centrale and A. ovis. Indicating a low geographic
segregation, only three A. bovis 16S rRNA sequences were isolated
from cattle in different Tunisian areas.

Although 16S rRNA and msp4 genes are considered as molecular
markers with low variability compared to other genes like groEL,
genetic analysis of these genes isolated from the 3 analyzed
Anaplasma species showed a high diversity especially within
A. marginale and A. centrale. This finding implies that livestock
populations of Tunisia were most probably affected by an intense
cattle movement from different regions. Further analyses using
16S rRNA, MSP4 and other more discriminating genes are needed
investigate and clarify the complex origin of livestock populations
in Tunisia.

In this study, A. marginale rather than A. centrale or A. bovis was
found to be the dominant species in cattle. As reported in Southern
Italy by Ceci et al. (2014), the most common co-infection pattern
was A. marginale and A. centrale. In the sub-humid bioclimatic area,
5 cattle were co-infected by the three Anaplasma species. Also
reported by Ceci et al. (2014) in Italy, the co-infections by three
Anaplasma species in several geographic areas require further stud-
ies to better understand relations between these species and their
impact on the host immune system especially in the presence of
poor health management in the Mediterranean region.
Furthermore, the absence of A. phagocytophilum in studied cattle
could suggest that in these geographic regions belonging to the
sub-humid and semi-arid areas, cattle are not relevant reservoirs
of granulocytic anaplasmosis, as observed in other Mediterranean
countries (Zobba et al., 2014). This finding is probably related to
the absence of Ixodes ricinus, the main vector of A. phagocytophilum
in Tunisia (Sarih et al., 2005), which is more represented in humid
area (Bouattour, 2002).

A significant difference in Anaplasma species infection preva-
lence was recorded among bioclimatic zones; cattle from
sub-humid area were more infected than those from semi-arid
area. This difference, which was reported in Morocco for A. margin-
ale by Ait Hamou et al. (2012), is probably due to the effect of bio-
climatic conditions on the distribution and the phenology of
arthropod vectors. In addition, overall prevalence of A. marginale,
A. centrale and A. bovis differed statistically among geographic loca-
tion. This discrepancy may be due to differences in tick control pro-
grammes, farm management, husbandry practices, wildlife
reservoir hosts, and/or abiotic factors as reported by others
(Torina et al., 2008a; Kocan et al., 2010; Ait Hamou et al., 2012).
Cattle infested by ticks were statistically more infected by the
three Anaplasma species than those free of ticks. Our results are
consistent with those reported in cattle infested by Rhipicephalus
microplus (Krantz and Walter, 2009; Ashuma et al., 2013). In addi-
tion, significantly higher prevalence of A. marginale, A. centrale and
A. bovis was recorded in traditionally managed farms when com-
pared to modern ones. Poor management, lack of tick control prac-
tices and inadequate economic sustainability of poor resource
smallholders may contribute to the higher prevalence of
Anaplasma (Atif et al., 2012, 2013). The present study showed that
Holstein breed was less infected by A. marginale and A. centrale
compared to other breeds (Schwyz and crossbreeds). This result
may be due to a genetic resistance of this breed to hemopathogens
(Bouattour et al., 1994; Darghouth et al., 1996). In Pakistan, similar
trends were reported in cattle infected by A. marginale (Atif et al.,

2012). In contrast, Ait Hamou et al. (2012) found no significant dif-
ference of A. marginale prevalence rates according to breed.

In conclusion, investigation on prevalence, co-infections, risk
factors and genetic variability of Anaplasma species in cattle
reported in this study is important for the implementation of con-
trol programmes. Further studies are needed to determine the vec-
tors and reservoirs of Anaplasma species in Tunisian cattle and to
clarify the pathogenicity of different strains especially A. marginale
and A. bovis.
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