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Abstract 

 

Anaplasma phagocytophilum is an obligatory intracellular bacterium that causes equine granulocytic anaplasmosis 

(EGA), that is characterized by fever, anorexia, depression, limb oedema. Hematological and serological alterations are 

important findings during the disease. We analyzed whole blood and serum from 37 horses and mules from three locations 

in Minas Gerais, Brazil, for total blood cell count, leucocytes, platelets, renal and hepatic profiles. Equids infected by A. 

phagocytophilum had differences in blood cell count and renal and hepatic profiles. As a zoonosis, the study of equine A. 

phagocytophilum infection in areas with high population density and in breeding farms, is important to understand the 

disease dynamics and avoid human cases of anaplasmosis. 
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Resumo 

 

O Anaplasma phagocytophilum é uma bactéria intracelular obrigatória que causa a anaplasmose granulocítica equina, 

caracterizada por febre, anorexia, edema de membros. Alterações hematológicas e sorológicas são importantes achados 

durante o curso da doença. Analisamos sangue total e soro de 37 cavalos e mulas de três localidades de Minas Gerais, 

Brasil, para contagem celular total, leucócitos, plaquetas e perfis renal e hepático. Equídeos infectados por A. 

phagocytophilum apresentaram diferenças na contagem celular sanguínea e nos perfis renal e hepático. Sendo uma 

zoonose, o estudo da infecção por A. phagocytophilum em áreas de alta densidade populacional e em haras de reprodução 

é importante para entender a dinâmica da doença e impedir casos humanos da doença.  

Palavras-chaves: Anaplasmose Granulocítica Equina. Zoonose. Cavalos. Patógenos transmitidos por carrapatos. 
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1. Introduction 

 

Equine granulocytic anaplasmosis is an infectious disease caused by Anaplasma 

phagocytophilum, an obligatory intracellular bacterium, which infects preferably neutrophils. It has 

long been renamed, based on genetic and morphological analysis and A. phagocytophilum is now the 

former Ehrlichia equi and Ehrlichia phagocytophila (DUMLER et al., 2001; MERINO CHARREZ 

et al., 2021; VON LOEWENICH et al., 2003). First description of the agent infecting equines 

occurred in 1969 in California state, and in 1994 it was also described causing disease in humans 

(BAKKEN et al., 1994; GRIBBLE, 1969).  

Disease in animals and humans are characterized by fever, anorexia, depression, limb oedema. 

Other symptoms may be present due the aggravation of it and the sensibility of the host. Inclusion 

body in neutrophils are observed in blood stream smears. Also, leucopenia, platelets reduction, and 

mild anemia are described as hematological findings during the disease. In most cases, treatment with 

tetracyclines are needed to eliminate the pathogen from blood stream (DUMLER, 2012; DUMLER 

et al., 2005; PRADO; PALHARES; MIRANDA, 2017).  

Inclusion body detection and PCR analysis are considered the definitive diagnostic method 

(DE LA FUENTE et al., 2007; GAVIÃO PRADO, 2014; PRADO; PALHARES; MIRANDA, 2017), 

although clinical signs may help clinicians and practitioners to decide what protocol to follow during 

hospital referral and treatment (DUMLER, 2012).  

Close contact between wild life, domestic and peri domestic animals are essential for 

maintenance of the agent in animals and humans (LESICZKA et al., 2021). In recent years more 

researches have shown the importance of the agent as source of financial loss in livestock and a real 

public health problem since it has a zoonotic potential (ATIF, 2015; WOLDEHIWET, 2010).  

As a potential zoonosis and the co infection with other bacteria that may aggravate symptoms, 

the study of equine A. phagocytophilum infection in areas with high population density as Belo 

Horizonte and in breeding farms, where there are a close contact of equids and people, such as 

veterinarians and care takers, is important to understand the disease dynamics and avoid human cases 

of anaplasmosis.  

 

2. Material and Methods 

 

This study was approved by Universidade Federal de Minas Gerais’s Ethical committee in 

Animal Use number 163/2013.  

 

2.1 Studied population 

 

It was used 37 equids that were diagnosed for equine granulocytic anaplasmosis by buffy coat 

smears analysis or by PCR as the positive group and another 37 equids that tested negative for IFA 

and/or PCR as the negative group. Animals originated from three different location in the state of 

Minas Gerais, which was Belo Horizonte, Ataléia, and São Vicente de Minas.  

Animals from Belo Horizonte are draft hoses that are used to collect and discard garbage and 

civil construction disposals. Animals from Ataléia and São Vicente de Minas are from breeding 

farms. In both cases there is a close relation between humans and animals, characterizing the risk of 

transmission of A. phagocytophilum from equids to humans.  
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2.2 Sample collection and analysis 

 

2.2.1 Ticks  

 

Ticks infecting animals at the time of the clinical analysis were collected and fixed in 70% 

alcohol and analysis was performed as described by Aragão; Fonseca (1961).  

 

2.2.2 Blood samples 

 

Blood collection was performed by venipuncture of external jugular after cleaning the area 

with 70% alcohol. Blood was kept in two different tubes containing EDTA and clot activator. All 

samples were processed within 2 hours after collection and, when possible, freezed at -20º C until the 

analysis.  

 

2.2.3 Blood cell count and serum biochemistry 

 

Within 2 hours after collection, blood smears were done using blood from the EDTA tube and 

stained with modified Romanowsky staining. At the same moment, buffy coat smears were done and 

stained with Romanowsky stain. Both slides were left to dry at room temperature and stored in proper 

plastic boxes until analysis. 

Differential leucocyte count was performed in light microscope by counting 100 cells and 

calculating absolute values using the percentage of cells counted.  

Fibrinogen was calculated after determination of total protein by refratometry and a new 

analysis after denaturation of the plasma at 56º C for three minutes.  

After clot retraction, tubes were centrifuged at 1200 x g for 5 minutes and serum was collected 

and stored in microtubes at -20ºC until analysis.  

Biochemistry was performed in semi-automatic machine using specific kits for renal profile 

(urea and creatinine) and hepatic profile (gama glutamil transferase [GGT], aspartate 

aminotransferase [AST], alanine aminotransferase [ALT], alkaline phosphatase, albumin, and total 

proteins). 

 

3. Results and discussion  

 

Determination of ticks’ species were performed and as expected, in horses the most prevalent 

and important tick specie found was Dermacentor (Anocentor) nitens (Fig. 1A and B) and 

Amblyomma cajennense. Although the number of animals parasitized was almost the same in the 

three locations, there was a difference in the number of tick species, been Dermacentor (Anocentor) 

nitens (30 specimens) most prevalent then the Amblyomma cajennense (10 specimens). Another 

importat find was that in the breeding farms, the presence of Rhipicephalus (Boophilus) microplus 

parasitizing horses was common. 
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Figure 1 - A. Equine pina infested by Dermacentor (Anocentor) nitens. B. Perianal area infested 

by Dermacentor (Anocentor) nitens in another animal. Note that in both animals the number of 

ticks is high, with presence of different development stages of the ticks.  

 

No tick belonging to Ixodes persulcatus complex was identified during the study. These 

species are related to A. phagocytophilum transmission in the United States and in European 

countries. So far, there is no description of these species in Brazil (ARAGÃO; FONSECA, 1961; 

SALVAGNI et al., 2010). Until now, the importance of the species found in the study in the 

transmission and maintenance of the disease in Brazil was not well established.  

In Europe and North America, Ixodes scapularis and Ixodes ricinus are responsible for the 

transmission of the agent to animals and humans, and together with Borrelia burgdorferi they are 

considered important zoonosis and a public health problem (ASMAN et al., 2017; BEN; 

LOZYNSKYI, 2019; ELIAS et al., 2021; HAUCK et al., 2019; ROSEF; PAULAUSKAS; 

RADZIJEVSKAJA, 2009; SKARPHÉDINSSON et al., 2007; STAŃCZAK et al., 2004). 

We compared hematological and serological profiles from healthy and naturally infected 

equids and most relevant results are presented in table 1. Among all the analyzed hematological and 

serological parameters, there was difference between healthy and infected equids in the erythrocytes, 

VCM, HCM, band neutrophils, albumin, globulin, and the albumin: globulin ratio. The number of 

platelets did not differ between groups, but p value was 0,0592.  

 

Table 1. Hematological and serological values of healthy and Anaplasma phagocytophilum infected equids from three 

locations in Minas Gerais, Brazil. 

Parameter Healthy (X±SE) Infected (X±SE) 

Erythrocytes (x106/ µl) 8.19±0.29a 7.42±0.27b 

MCV (fl) 38.3±0.92b 45.91±4.7a 

MCH (pg) 13.8±0.4b 16.5±1.42a 

Band neutrophils (%) 0.27±0.14b 0.81±0.22a 

Band neutrophils (x103/µl) 31.96±16.2b 133.6±60.36a 

Albumin (md/dl) 3.24±0.14a 2.82±0.12b 

Globulin (mg/dl) 3.57±0.17b 4.07±0.15a 

Albumin:Globulin ratio 1.19±0.19a 0.77±0.08b 

ALT (IU/L) 8.56±0.65a 7.1±0.6b 
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AST (IU/L) 320.45±9.14a 295.59±9.94b 

Platelets (cells/ µl) 180,726.38±19,010.18 116,687.89±16,593.15 

X: mean value. SE: standard error. Mean values followed by different letters in the same line differ between each other 

(p<0,05), analyzed by Wilcoxon test.  

 

During acute phase, the presence of the bacteria in the blood stream is easily detected by 

evaluation of buffy coat smears and animals present alterations in hematology and biochemistry. 

Anemia is one of the most observed signs in equine granulocytic anaplasmosis, and although both 

groups have normal erythrocyte count considered normal for the specie, the infected group have lower 

values when compared to the healthy group. This reduction is probably immune mediated, and red 

cells are destructed by monocytic phagocytic system (LEPIDI et al., 2000). 

Band neutrophil increase both in absolute and relative numbers shows that infected animals 

presented neutropenia at some point of the infection course. Body response to neutropenia is the 

release of young forms of neutrophils to try to eliminate the infection (AGUERO-ROSENFELD, 

2002; MERINO CHARREZ et al., 2021; PRADO; PALHARES; MIRANDA, 2017). 

In concern of the protein profile, it was observed an increase in globulins concentration and a 

decrease in albumin concentration. The albumin: globulin ratio was also reduced. During acute phase 

there is a high immunoglobulins production and secretions, probably IgM and IgA, with a conversion 

to IgG after two weeks of infection. As they are responsible for bacteria recognition and opsonization, 

globulins increase is expected. It is important to highlight that even Ig in augmented during acute and 

chronic phases, since A. phagocytophilum is an obligatory bacterium, cellular defense, such as NK 

and CD8+ cells, are the most important to eliminate infected cells (CONTRERAS et al., 2017; 

DUMLER et al., 2005; NAIMI et al., 2020; SCORPIO; CHOI; DUMLER, 2018; TORINA et al., 

2020).  

Albumin in the most important protein in the bloodstream, being responsible of maintenance 

of blood oncotic pressure. It is also responsible for transporting substances, such as drugs and 

hormones. In cases that there is a high protein consumption without increased intake, animals and 

humans may use it as a protein source, leading to a decrease in albumin levels in serum, in order to 

keep homeostasis (EL HAMIANI KHATAT et al., 2021; HUANG et al., 2020; SILAGHI et al., 2018; 

UEMURA et al., 2019; YIN et al., 2018). During EGA, due to fever and myalgia, animals tend to 

ingest less food, and, on the other hand, there is an increase in the need of protein intake, to maintain 

cell metabolism. In this scenario, the only protein source for these animals is serum albumin and, with 

that, we see a reduction in its values in infected horses.  

AST and ALT values were lower in the positive group than in the infected one. Although both 

groups presented values within references, it was expected that those enzymes were elevated, since 

there must be a hepatic overload and direct lesion during acute phase (AGUERO-ROSENFELD, 

2002; LEPIDI et al., 2000) 

 

4. Conclusion 

 

Equine granulocytic anaplasmosis is an important disease with high occurrence in Europe and 

in North America. In Brazil, seroprevalence of the disease is high, although animals presenting 

clinical signs are not related in the same rate. Mild anaplasmosis may be presented with only 

hematological and serological alterations, and that may be a challenge to clinicians to properly 

diagnose the disease.  
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With the potential of human infection and death, the study of the dynamics of animal disease 

in areas with high population density and in breeding farms is mandatory and with these results public 

policies can be directed to identify and control infected ticks and hosts.  
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