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Highlights 

- Sheep are a natural domestic reservoir of Anaplasma phagocytophilum. 

- A moderate prevalence (8%) of A. phagocytophilum in sheep was registered in Grosseto area, 

central Italy. 

- Domestic animals are epidemiological sentinels for infection by A. phagocytophilum. 

- Seroprevalence of A. phagocytophilum is higher in small flocks. 

Abstract 

Anaplasma phagocytophilum is a tick-borne pathogen of sheep and other ruminants, humans, horses 

and dogs. Current data on the prevalence and diffusion of A. phagocytophilum among domestic 

animals in Italy are fragmentary, especially those related to sheep, considered a natural domestic 

reservoir. 

We investigated the prevalence of A. phagocytophilum infection in dairy sheep from Tuscany (Italy), 

by testing 624 sera with the immunofluorescent antibody (IFA) test. 

The sera belonged to 33 different flocks distributed throughout the province of Grosseto (Tuscany). 

Positive results were found in 21 out of the 33 flocks tested (63.63%, 95% IC 47.22-80.05%) with a 

prevalence rate within flocks ranging from 3.33% to 59.26%. The seroprevalence against A. 

phagocytophilum within the sheep population was 8.01% (95% IC 6.13-10.41%), and most of the 

positive cases showed low antibody titres (1/40-1/80). The multivariate analysis identified "small 

flock" (< 300 animals) as the factor most closely related to serological positivity. 

Our results reveal a moderate circulation of A. phagocytophilum among sheep flocks in central Italy. 

Keywords: Anaplasma phagocytophilum; sheep; Italy 
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1. Introduction

Anaplasma phagocytophilum (Rickettsiales: Anaplasmataceae) is an obligate intracellular gram-

negative bacterium that selectively targets peripheral blood neutrophils, and occasionally eosinophils 

and monocytes (Dumler et al., 2001). Based on the genetic analysis of 16S rRNA-encoding genes, 

many variants differing from each other in terms of biological and ecological aspects, including 

variations in host pathogenicity, vectors, and geographical distribution were delineated among A. 

phagocytophilum complex species. These may be the causative agents of the tick-borne fever (TBF) 

of sheep and cattle, equine granulocytic anaplasmosis (EGA), canine granulocytic anaplasmosis 

(CGA), and human granulocytic anaplasmosis (HGA) (Dumler et al., 2001). 

The epidemiology of A. phagocytophilum infection is closely related to the presence of hard ticks 

(Family Ixodidae), which act as competent vectors, and their specific biotopes. Ixodes ricinus is 

considered the most important vector of A. phagocytophilum in western Europe (Ogden et al., 1998, 

Lillini et al., 2006), but the potential of a transovarial further than the transstadial transmission has 

not be demonstrated yet. A. phagocytophilum persist in enzootic cycles due to the presence of 

“carrier” mammalian hosts, such as wildlife ruminants (mainly roe deer, Capreolus capreolus) and 

rodents (Stuen et al., 2010; Overzier et al., 2013). However, the pathogenic role of A. 

phagocytophilum in such mammalian hosts has not yet been defined (Milner and van Beest, 2013). 

Among domestic species, sheep show an high susceptibility to A. phagocytophilum infection, and 

have been used to study the pathogenesis of infection as an experimental model. Sheep may also act 

as a domestic natural reservoir because they carry the organism for prolonged periods after infection 

(up to 25 months after primary infection), showing variable bacteraemia (Foggie, 1951; Stuen et al., 

1998). 

A. phagocytophilum infection in sheep is well known due to the significant economic losses 

associated with the clinical implications in the sheep industry, especially in Scandinavian countries 
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(above all Norway) (Stuen, 2003; Stuen et al., 2011). The disease is associated with a self-limiting 

febrile illness, followed by a range of clinical signs that are attributable to immunosupression due to 

the prolonged defects in neutrophils and lymphocytes, thus leading to pneumonia and septicaemia 

caused by Mannheimia haemolytica and Biberstenia trehalosi (Boyce et al., 2004; Woldehiwet, 

2006; Grandi et al., 2018). Furthermore, lambs may develop “tick pyaemia”, a crippling lameness 

and paralysis due to infection with concurrent bacteria such as Staphylococcus aureus (Stuen et al., 

2009). Significant indirect losses (e.g. reduced growth, drop in milk yield, reduction in growth 

indices and fertility of rams) and occasionally miscarriages are also found in sheep farming (Stuen 

et al., 2011). 

To date, data on the prevalence and diffusion of A. phagocytophilum among domestic animals in 

Italy are limited, especially those related to sheep (Lillini et al., 2006; Ebani et al., 2008; Diaferia et 

al., 2008). 

The aim of the present work was to conduct a seroprevalence survey of A. phagocytophilum on sheep 

reared in Tuscany, a region in central Italy with the fourth most abundant sheep population in Italy, 

after Sardinia, Sicily, and neighbouring Latium. 

2. Material and methods

2.1. Study population and questionnaire survey 

In the tick-season from May to June 2011, 624 blood samples were collected from adult sheep of the 

Sarda breed in 33 dairy flocks located in a mainly hilly area of Grosseto (Tuscany, central Italy), 

extending from latitude 42.851078°N to 42.51902°N and from longitude 11.129635°E to 

11.531657°E. The altitude of the farms ranged from 13 to 574 m above sea level. Grosseto has 

approximately 730 sheep flocks and 122,000 sheep, and sheep are sympatric with wild ungulates, 

including roe deer (Capreolus capreolus). 
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The sample size was calculated using the formula n = Z2 * p * (1-p)/CI2, where Z is the Z-value (e.g., 

1.96 for a 95% confidence level), p is the expected prevalence, expressed as a decimal, and CI is the 

confidence interval, expressed as a decimal (Mariano et al., 2009). With an expected prevalence of 

50% (0.5), a desired precision estimate of 0.04 and a confidence level of 0.95 a sample size of 600 

animals is then required. 

With approximately 122,000 sheep and 730 flocks in the district, the sample size provides a 95% 

confidence level (CL) for sheep-level prevalence, with a confidence interval (CI) of 3.93, and a 95% 

CL for a herd-level prevalence with a CI of 17.24 (Cenci Goga et al., 2013). The flocks were 

randomly selected using premise-identification dairy database numbers at the beginning of the study 

to ensure a representative sample of farms from the district (specifically all numbers for a given area 

were printed, cut out and drawn from a “hat”). Between 8 and 45 animals were selected per flock, 

approximately proportional to the total number of adult sheep in the flock. A questionnaire was 

prepared to include questions on rearing system (extensive: daily grazing in favourable weather 

conditions and returning to fold at night or daily grazing with possibility of shelter in bad weather; 

intensive: sheep housed day and night). The questionnaire was administered by the attendant 

veterinarian at the time of blood sample collection. 

2.2. Sample collection and serological test 

Venous blood samples were collected in tubes without anticoagulant from each selected animal and 

transferred to the laboratory on ice. After centrifugation (1,000 x g for 10 minutes), the sera were 

stored at -20°C until being tested for IgG antibody class against A. phagocytophilum, using an 

indirect immunofluorescence antibody assay (IFA). The IFA assay was performed using a 

commercial equine variant of A. phagocytophilum (formerly Ehrlichia equi) (Megascreen® 

FLUOANAPLASMA ph. Horbranz, Austria) and a commercial rabbit fluorescein isothiocyanate-

conjugated anti-sheep IgG (Sigma-Aldrich, St Luis, MO, USA), diluted 1/40 (Stuen et al., 2013) in 

http://www.sciencedirect.com/topics/agricultural-and-biological-sciences/fluorescein
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Blue Evans solution. Sera were screened for antibodies at a dilution of 1/40 (cut off), and if positive, 

the sera were further diluted and retested to determine the final titre. 

2.3. Statistical analysis 

To identify risk factors associated with infection of A. phagocytophilum, first a univariate analysis 

of the variables of interest was conducted with binary logistic regression followed by multiple 

logistic regression performed with StatView 5 for Mac OS (SAS Inst. Inc., Cary, NC, USA). 

3. Results

Fifty out of the 624 sera analyzed (8.01%, 95% IC 6.13 - 10.41%) were positive for antibodies (IgG) 

against A. phagocytophilum. Positive results were found in 21 out of the 33 flocks tested (63.63%, 

95% IC 47.22-80.05%), with a rate of prevalence within flocks ranging from 3.33% to 59.26%. 

Positive sera showed antibody titres ranging from 1/40 to 1/320; in particular, 21 out of the positive 

sera (42% ± 6.98) had an antibody titre of 1/40, twenty-two (44% ± 7.02) had a titre of 1/80, five 

(10% ± 4.24) a titre of 1/160 and two (4% ± 2.77) showed a titre of ≥ 1/320. 

The multivariate analysis identified the variable "small flock" as associated to serological positivity 

(OR 2.45, CI = 1.23 – 4.88; Table 1). We did not observe any confounding effect of the rearing 

system on the relationship between the size of flocks and serum positivity. 

4. Discussion

Our results show a moderate presence of A. phagocytophilum among flocks from the province of 

Grosseto (central Italy). The overall prevalence of A. phagocytophilum (8%) among sheep was 

slightly lower than earlier observations conducted in central Italy, showing values ranging from 12 

to 18% (Lillini et al., 2006; Ebani et al., 2008; Diaferia et al., 2008), and much lower than the rate 

reported by Torina et al. (2010) in Sicily (98%). However, the prevalence rate detected in Sicily may 

http://www.sciencedirect.com/topics/agricultural-and-biological-sciences/evans-blue
http://www.sciencedirect.com/topics/agricultural-and-biological-sciences/titer
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be strongly overestimated because antibody detection was conducted using an ELISA test that does 

not discriminate between A. phagocytophilum and Anaplasma ovis, which represents the 

predominant species of Anaplasma occurring in sheep (Scoles et al., 2008). 

Since IgG antibodies against A. phagocytophilum are expected to last a lifetime, cross-sectional 

serosurveys might have the limitation to provide only a partial account of past infections. However, 

the present study should give a good indication of a recent exposition to A. phagocytophilum 

infection and, thus of the infective pressure on the sampled population, due to the fact that the 

sampling period overlaps with one of the peak in abundance of the vector I. ricinus in the studied 

areas (Bisanzio et al., 2005). 

Most of the antibody titres detected in our study were fairly low. Earlier studies indicate frequent 

cross-reactions between different variants of A. phagocytophilum (Dumler et al., 1995). However, 

the antibody titre to heterologous strains of Anaplasma may be lower than a homologous strain, 

which might also affect the risk of false negatives or low titres (Walls et al., 1999). Since in the 

present work a commercial IFA test using a heterologous horse variant of A. phagocytophilum was 

used to determine the antibody titre, because no antigen from a sheep variant of A. phagocytophilum 

was commercially available, it is possible to speculate that higher titres may have been found using 

a more appropriate antigen. Moreover, several other factors might have an impact on the low 

antibody response e.g. the tick infection rates and the level of bacteremia that depends on the time of 

the primary infection and on the A. phagocytophilum variant involved (Thomas et al., 2012). 

The number of seropositive animals in the flock was negatively associated with the size of the flock. 

In fact, seroprevalence was higher in smaller flocks (< 300 sheep). The negative association between 

seroprevalence rate and flock size may be correlated to the breeding system and thus to the different 

tick-pressure by the exophilic tick I. ricinus. In fact, in the present study area, the farms with higher 

numbers of sheep tended to be more intensive with animals having less grazing activity and thus a 

https://www.sciencedirect.com/topics/immunology-and-microbiology/lifespan
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lower exposition to the tick-bites, compared to animals reared in small flocks where the prevalent 

breeding system was extensive. 

We found no evidence of clinical disease on sheep flocks investigated. Although A. phagocytophilum 

infection based on serological and biomolecular methods has been reported in association both with 

domestic and wild species including sheep, to date the only documented clinical cases in Italy have 

been described in dogs (De la Fuente et al., 2005; Dondi et al., 2014), horses (Alberti et al., 2005), 

and humans (Ruscio and Cinco, 2003). Several 16S rDNA sequence variants of A. phagocytophilum 

have been identified in sheep (Stuen et al., 2006; Granquist et al., 2010), and several studies have 

suggested that these variants lead to different immunological reactions and clinical symptoms (Stuen, 

2003). It should thus not be ruled out that variants circulating in Italy among domestic ruminants, 

unlike those spread in northern Europe, have a scant pathogenicity. 

The genetic heterogeneity of A. phagocytophilum seems to impact further on the clinical features 

observed also on the zoonotic potential of the strains. Several studies suggest that the variants of A. 

phagocytophilum from ruminants differ from those associated with human ones (De la Fuente et al., 

2005; Rar and Golovljova, 2011), which can, however, be shared with small rodents, wild boars, 

horses and dogs (Massung et al., 2002; Petrovec et al., 2006; Scharf et al., 2011). Recent genotyping 

based on additional loci compared to the traditional 16S rDNA (e.g. msp2, msp4, groESL) have again 

raised the issue of a possible zoonotic risk from the circulation of variants harboured by domestic 

and wild ruminants (Jahfari et al., 2014). To support the use of sheep as epidemiological sentinels 

for infection by A. phagocytophilum, recently recognized as an emerging human tick-borne pathogen 

in the U.S. and Europe (Goodman, 2005; Thomas et al., 2009), future studies investigating the genetic 

variation within the A. phagocytophilum strains isolated from humans and sheep flocks from the 

same geographic area should be conducted. 

5. Conclusions
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In conclusion, the results of the present study reveal a moderate circulation of A. phagocytophilum 

among sheep flocks in Tuscany (central Italy), with a seroprevalence rate of 8.01% and low antibody 

titres (between 1/40 and 1/80). Moreover the multivariate analysis identified "small flock" (< 300 

animals) as the only risk factor associated with A. phagocytophilum infection. 

These findings provide valuable information on the epidemiology of this pathogen in the country and 

documents the presence of the bacteria in one of its natural domestic reservoir. 

References 

Alberti, A., Zobba, R., Chessa, B., Addis, M.F., Sparagano, O., Pinna Parpaglia M.L., Cubeddu, T., Pintori, 

G., Pittau, M., 2005. Equine and canine Anaplasma phagocytophilum strains isolated on the island of Sardinia 

(Italy) are phylogenetically related to pathogenic strains from the United States. Appl. Environ. Microbiol. 71 

(10), 6418–6422. 

Bisanzio, D., Amore, G., Ragagli, C., Tomassone, L., Bertolotti, L., Mannelli, A., 2008. Temporal variations 

in the usefulness of normalized difference vegetation index as a predictor for Ixodes ricinus (Acari: Ixodidae) 

in a Borrelia lusitaniae focus in Tuscany, central Italy. J. Med. Entomol., 45(3), 547–555. 

Boyce, J.D. Lo, R.Y.C., Wilkie, I.W., Adler, B., 2004. Pasteurella and Mannheimia. In: Gyles C.L., Prescott 

J.F., Songer J.G., Thoen C.O. (Eds), Pathogenesis of Bacterial Infections in Animals. Wiley-Blackwell, 

Oxford, England, pp. 273–294. 

Cenci Goga, B.T., Ciampelli, A., Sechi, P., Veronesi, F., Moretta, I., Cambiotti, V., Thompson, P.N., 2013. 

Seroprevalence and risk factors for Toxoplasma gondii in sheep in Grosseto district, Tuscany, Italy. BMC 

Vet. Res. 9, 25. 

De la Fuente, J., Massung, R.F., Wong, S.J., Chu, F.K., Lutz, H., Meli, M., von Loewenich, F.D., Grzeszczuk, 

A., Torina, A., Caracappa, S., Mangold, A.J., Naranjo, V., Stuen, S., Kocan, K.M., 2005. Sequence analysis 

of the msp4 gene of Anaplasma phagocytophilum strains. J. Clin. Microbiol. 43 (3), 1309–1317. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bisanzio%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18533451
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amore%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18533451
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ragagli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18533451
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tomassone%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18533451
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bertolotti%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18533451
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mannelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18533451
https://www.ncbi.nlm.nih.gov/pubmed/18533451


10 

Diaferia, M., Veronesi, F., Moretta, I., Moretti, A., Piergili Fioretti, D., 2008. Anaplasma phagocytophilum in 

animali domestici e selvatici della regione Umbria: indagine di sieroprevalenza. Proceeding of LXII Congress 

of S.I.S.Vet., 157–158. 

Dondi, F., Russo, S., Agnoli, C., Mengoli, N., Balboni, A., Alberti, A., Battilani, M., 2014. 

Clinicopathological and molecular findings in a case of canine Anaplasma phagocytophilum infection in 

Northern Italy. Scientific World J. 2014, 810587. 

Dumler, J.S., Asanovich, K.M., Bakken, J.S., Richter, P., Kimsey, R., Madigan, J.E., 1995. Serologic cross-

reactions among Ehrlichia equi, Ehrlichia phagocytophila, and human granulocytic Ehrlichia. J. Clin. 

Microbiol. 33 (5), 1098–1103. 

Dumler, J.S., Barbet, A.F., Bekker, C.P., Dasch, G.A., Palmer, G.H. Ray, S.C., Rikihisa, Y., Rurangirwa, 

F.R., 2001. Reorganization of the genera in the families Rickettsiaceae and Anaplasmataceae in the order 

Rickettsiales: unification of some species of Ehrlichia with Anaplasma, Cowdria with Ehrlichia and Ehrlichia 

with Neorickettsia, descriptions of six new species combinations and designation of Ehrlichia equi and “HGE 

agent” as subjective synonyms of Ehrlichia phagocytophila. Int. J. Syst. Evol. Microbiol. 51, 2145–2165. 

Ebani, V., Cerri, D., Fratini, F., Ampola, M., Andreani, E., 2008. Seroprevalence of Anaplasma 

phagocytophilum in domestic and wild animals from central Italy. New Microbiol. 31 (3), 371–375. 

Foggie, A., 1951. Studies on the infectious agent of tickborne fever. J. Pathol. Bacteriol. 63 (1), 1–15. 

Goodman, J.L., 2005. Human granulocytic anaplasmosis (ehrlichiosis), in: Goodman, J.L., Dennis, D.T., 

Sonenshine, D.E. (Eds.), Tick-borne Diseases of Humans. ASM Press, Washington D.C., pp. 218–238. 

Granquist, E.G., Stuen, S., Crosby, L., Lundgren, A.M., Alleman, A.R., Barbet, A.F., 2010. Variant-specific 

and diminishing immune responses towards the highly variable MSP2(P44) outer membrane protein of 

Anaplasma phagocytophilum during persistent infection in lambs. Vet. Immunol. Immunopathol. 133 (2–4), 

117–124. 

Jahfari, S., Coipan, E.C., Fonville, M., van Leeuwen, A.D., Hengeveld, P., Heylen, D., Heyman, P., van 

Maanen, C., Butler, C.M., Földvári, G., Szekeres, S., van Duijvendijk, G., Tack, W., Rijks, J.M., van der 

Giessen, J., Takken, W., van Wieren, S.E., Takumi, K., Sprong, H., 2014. Circulation of four Anaplasma 

phagocytophilum ecotypes in Europe. Parasit. Vectors. 7, 365. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dumler%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=7542262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asanovich%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=7542262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bakken%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=7542262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richter%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7542262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kimsey%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7542262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Madigan%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=7542262
https://www.ncbi.nlm.nih.gov/pubmed/7542262/
https://www.ncbi.nlm.nih.gov/pubmed/7542262/


11 

Grandi, G., Aspán, A., Pihl, J., Gustafsson, K., Engström, F., Jinnerot, T., Söderlund, R., Chirico, J., 2018. 

Detection of Tick-Borne Pathogens in Lambs Undergoing Prophylactic Treatment Against Ticks on Two 

Swedish Farms. Front. Vet. Sci. 5, 72. 

Lillini, E., Macrì, G., Proietti, G., Scarpulla, M., 2006. New findings on anaplasmosis caused by infection 

with Anaplasma phagocytophilum. Ann. N.Y. Acad. Sci. 1081, 360–370. 

Mariano, V., McCrindle, C.M., Cenci Goga, B., Picard, J.A., 2009. Case-control study to determine whether 

river water can spread tetracycline resistance to unexposed impala (Aepyceros melampus) in Kruger National 

Park (South Africa). Appl. Environ. Microbiol. 75 (1), 113–118. 

Massung, R.F., Mauel, M.J., Owens, J.H., Allan, N., Courtney, J.W., Stafford III, K.C., Mather, T.N., 2002. 

Genetic variants of Ehrlichia phagocytophila, Rhode Island and Connecticut. Emerg. Infect. Dis. 8 (5), 467–

472. 

Milner J.M., van Beest, M.F., 2013. Ecological correlates of a tick-borne disease, Anaplasma 

phagocytophilum, in moose in southern Norway. Eur. J. Wildl. Res. 59 (3), 399–406. 

Ogden, N.H., Bown, K., Horrocks, B.K., Woldehiwet, Z., Bennett, M., 1998. Granulocytic Ehrlichia infection 

in ixodid ticks and mammals in woodlands and uplands of the U. K. Med. Vet. Entomol. 12 (4), 423–429. 

Overzier, E., Pfister, K., Herb, I., Mahling, M., Böck, G.Jr., Silaghi, C., 2013. Detection of tick-borne 

pathogens in roe deer (Capreolus capreolus), questing ticks (Ixodes ricinus) and ticks infesting roe deer in 

southern Germany. Ticks Tick Borne Dis. 4 (4), 320–328. 

Petrovec, M., Sixl, W., Schweiger, R., Mikulasek, S., Elke, L., Wüst, G., Marth, E., Strasek, K., Stünzner, D., 

Avsic-Zupanc, T., 2006. Infections of wild animals with Anaplasma phagocytophila in Austria and the Czech 

Republic. Ann. N.Y. Acad. Sci. 990, 103–106. 

Rar, V., Golovljova, I., 2011. Anaplasma, Ehrlichia, and “Candidatus Neoehrlichia” bacteria: pathogenicity, 

biodiversity, and molecular genetic characteristics, a review. Infect. Genet. Evol. 11 (8), 1842–1861. 

Ruscio, M., Cinco, M., 2003. Human granulocytic ehrlichiosis in Italy: first report on two confirmed cases. 

Ann. N. Y. Acad. Sci. 990, 350–352. 

Scharf, W., Schauer, S., Freyburger, F., Petrovec, M., Schaarschmidt-Kiener, D., Liebisch, G., Runge, M., 

Ganter, M., Kehl, A., Dumler, J.S., Garcia-Perez, A.L., Jensen, J., Fingerle, V., Meli, M.L., Ensser, A., Stuen, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Grandi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29713635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asp%C3%A1n%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29713635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pihl%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29713635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gustafsson%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29713635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engstr%C3%B6m%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29713635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jinnerot%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29713635
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%B6derlund%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29713635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chirico%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29713635
https://www.ncbi.nlm.nih.gov/pubmed/29713635


12 

S., 2003. Anaplasma phagocytophilum (formerly Ehrlichia phagocytophila) infection in sheep and wild 

ruminants in Norway. A study on clinical manifestation, distribution and persistence. PhD thesis Norwegian 

School of Veterinary Science, Department of Sheep and Goat Research, pp. 132. 

Scoles, G.A., Goff, W.L., Lysyk, T.J., Lewis, G.S., Knowles, D.P. 2008. Validation of an Anaplasma 

marginale cELISA for use in the diagnosis of A. ovis infections in domestic sheep and Anaplasma spp. in wild 

ungulates. Vet. Microbiol. 130, 184–190. 

Stuen, S., Engvall, E.O., Artursson, K., 1998. Persistence of Ehrlichia phagocytophila infection in lambs in 

relation to clinical parameters and antibody responses. Vet. Rec. 143 (20), 553–555. 

Stuen, S., Grøva, L., Granquist, E.G., Sandstedt, K., Olesen, I., Steinshamn, H., 2011. A comparative study 

of clinical manifestations, haematological and serological responses after experimental infection with 

Anaplasma phagocytophilum in two Norwegian sheep breeds. Acta Vet. Scand. 53, 8. 

Stuen, S., Moum, T., Petrovec, M., Schouls, L.M., 2006. Genetic variants of Anaplasma phagocytophilum in 

Norway. Int. J. Med. Microbiol. 296 (Suppl 1), 164–166. 

Stuen, S., Pettersen, K.S., Granquist, E.G., Bergström, K., Bown, K.J., Birtles, R.J., 2013. Anaplasma 

phagocytophilum variants in sympatric red deer (Cervus elaphus) and sheep in southern Norway. Ticks Tick 

Borne Dis. 4 (3), 197–201. 

Stuen, S., Scharf, W., Schauer, S., Freyburger, F., Bergström, K., von Loewenich, F.D., 2010. Experimental 

infection in lambs with a red deer (Cervus elaphus) isolate of Anaplasma phagocytophilum. J. Wildl. Dis. 46 

(3), 803–809. 

Stuen, S., Torsteinbø, W.O., Bergström, K., Bårdsen, K., 2009. Superinfection occurs in Anaplasma 

phagocytophilum infected sheep irrespective of infection phase and protection status. Acta Vet. Scand. 51, 41. 

Stuen, S., von Loewenich, F.D., 2011. Distinct host species correlate with Anaplasma phagocytophilum ankA 

gene clusters. J. Clin. Microbiol. 49 (3), 790–796. 

Thomas, R.J., Birtles, R.J., Radford, A.D., Woldehiwet, Z., 2012. Recurrent bacteraemia in sheep infected 

persistently with Anaplasma phagocytophilum. J. Comp. Pathol. 147 (2-3), 360–367. 

Thomas, R.J., Dumler, J.S., Carlyon, J.A., 2009. Current management of human granulocytic anaplasmosis, 

human monocytic ehrlichiosis and Ehrlichia ewingii. Expert Rev. Anti Infect. Ther. 7 (6), 709–722. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=22520814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Birtles%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=22520814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Radford%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=22520814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woldehiwet%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22520814
https://www.ncbi.nlm.nih.gov/pubmed/22520814


13 

Torina, A., Galindo, R.C., Vicente, J., Di Marco, V., Russo, M., Aronica, V., Fiasconaro, M., Scimeca, S., 

Alongi, A., Caracappa, S., Kocan, K.M., Gortazar, C., De la Fuente, J., 2010. Characterization of Anaplasma 

phagocytophilum and A. ovis infection in a naturally infected sheep flock with poor health condition. Trop. 

Anim. Health Prod. 42, 1327–1331. 

Walls, J.J., Aquero-Rosenfeld, M., Bakken, J.S., Goodman, J.L., Hossain, D., Johnson, R.C., Dumler, J.S., 

1999. Inter- and Intralaboratory Comparison of Ehrlichia equi and Human Granulocytic Ehrlichiosis (HGE) 

Agent Strains for Serodiagnosis of HGE by the Immunofluorescent-Antibody Test. J. Clin. Microbiol. 37: 

2968–2973. 

Woldehiwet, Z., 2006. Anaplasma phagocytophilum in ruminants in Europe. Ann. N. Y. Acad. Sci. 1078, 

446–460. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Woldehiwet%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=17114753
https://www.ncbi.nlm.nih.gov/pubmed/17114753


14 

Table 1: Farm-level factors associated with serological positivity to Anaplasma phagocytophilum: 

results of multiple logistic regression. 

Size of flock Odds ratio (95% CI) P-value 

Big (> 400) 

Medium (300 < x < 400) 

Small (< 300) 

1* 

1.23 (0.53 - 2.85) 

2.45 (1.23– 4.88) 

0.62 

0.0104** 

Production system 

Intensive 

Extensive 

1* 

0.98 (0.35 – 2.69) 0.97 

*: Reference level, **: P< 0.05 


