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Abstract

Ehrlichiosis is an infection of the group of Vector Borne Diseases (VBD), caused by different ech-
rlichia species (spp). Ehrlichiae are primarily recognized as causers of animal diseases, later as
human diseases—Humane Monocytic (HME) and Humane Granulocytic (HGE) ehrlichiosis. The
dogs, cats and rodents have natural reservoirs of ehrlichial agents. Ehcrlichiae are spread to human'’s
trough, the bites of infected ticks, sometimes resulting from contact with animals, possible to the
transfusion. In period from 2008 to 2013, we analyzed 250 patients suspect of VBD. On examina-
tion, there were included clinical, laboratory and epidemiological methods. The confirmation of
Ehrlichia canis was in serum of 64 patients, thanks to Indirect Inmune fluorescent Assay (IIF). The
other laboratory and serological methods (Elisa, IIF, and Western blood) are utilized for differen-
tial diagnosis, and detection of co-infective forms of diseases. Ehrlichia canis infection has been
reported in humans as a cause of serious illnesses characterized by non specific symptoms: fever,
headache, musculoskeletal pain, enlarged liver, neurological, hematological dysfunction. Co-in-
fections with E. canis due to causers of different VBD have been documented in humans. In 53 cas-
es, we detected co-infective participation of E. canis with Rickettsia conorii in 24 cases, Coxiella
burneti in 6, and Borrelia burgdorferi in 23 cases. The preferred drug for both human ehrlichiosis
is doxycycline, except children to 8 years, pregnant females. Ehrlichiosis is a difficult infectious di-
sease to diagnose and prognose because of dominant non specific symptoms and co-infections.
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1. Introduction

Ehrlichioses has ticks borne bacterial diseases, caused by different ehrlichia/anaplasma species. The dogs, cats,
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rodents, and ixodes vectors are the natural reservoirs of ehrlichia agents. The different mammals have sensitive
for infection [1].

The causers of disease are small gram-negative pleomorphic, obligate intracellular (intracytoplasmic) coocy
that infected mononuclear cells and granulocytes. Clusters of ehrlichia multiply in host cell, vacuoles to form
large mulberry-shaped aggregates so called morulae (Table 1).

Ehrlichia canis, their natural life cycle realized in domestic dogs and primary vectors ticks: Riphicephalus
sangvineus (in Americas) and Ixodes ricinus (in Europe), black dog tick, dermacentor variabilis and the other
[2].

Ticks are most commonly infected through blood meal of the infected reservoirs, and were not able to inocu-
late these agents a new host before 24 - 48 hours. Direct transmission from infected to naive animals is rare. Eh-
rlichia agents can be transmitted through blood transfusion, if they are infected donors [3].

Infections with Ehrlichia and Anaplasma spp. are distributed worldwide. Infection is most common in regions
where infestations of ticks with different vector borne agents are the highest and very often associated. Infection
of dogs with E. canis, often is accompanied with E. evingii. In common endemic areas, the geographical distri-
bution of ehrlichia agents often coincides with different agents of arthropod borne complex [4] [5].

In Europe, Ehrlichia canis, Rickettsia conorii and Borrelia burgdorferi are agents as co-infective infectious
agents. Because these agents are tick-borne, they are limited in their geographical and host distribution [6] [7]
(Table 2).

After tick bite, the ehrlichial agents invaded circulating leukocytes and disseminated trough, and the blood to
peripheral tissues, maintains a predilection zone.

After incubating period of 8 - 20 days, starting acute phase of infection takes the following in the next 2 - 3
months. During this time, microorganisms can multiply in circulating monocytes and mononuclear phagocytes.
In the cytoplasm of infected cells, a sea generates, which can be visualized by Giemsa-i staining and the white
blood cell linage: monocytes (E. canis, E. chaphensis, E. Evingii, E. ruminatus), granulocytes (E. phagocytophi-
la, E. evingii) [8] [9] and platelets (Anaplasma platus) [10] [11]. Microorganisms are very rare in the periphe-
ral blood and can except their findings only in the acute phase of infection. Inflammatory process induced by
infection, resulting in the emergence of hematological, liver, and large specter of the other discorders. Cells in-
fected with ehrlichia adhere to the vascular endothelium, inducing infection of sub-endothelial tissue. These
changes can be affected by the platelets, causing their adherence, destruction, sequestration, with consequent throm-
bocytopenia still in the acute phase of infection, with leucopenia and anemia [12] [13]. Thrombocytopenia asso-
ciated with infection may be consistent or cyclical course, associated with immune mediated destruction of

Table 1. Causers of Ehrlichiosis.

Ehrlichia Reservoirs Vectors Diseases
Riphicephalus sangvineus

E. canis Dog, man and other ticks Canine ehrlichiosis, human ehrlichiosis
E. Chaffensis Man, dog, cattle ~ Amblioma americanum and other ticks ~ HME (Human Monocytic Ehrlichiosis)
E.ewingii Man, dog A.americanum and the other ticks Human ehrlichiosis, Canine gr. ehrlichiosis
Anaplasma phagocytophilum  Man, horse, cuds Ixodes spp. HEG Equine ehrlichiosis, Tick fever

Table 2. Frequent potentially participant in cotransmision andcoinfections with b.burgdorferi by ixodes ticks in Europe.

Zoonotic microorganisms Diseases
Babesia divergens Babesiosis
Babesia microti Babesiosis
Coxiella burneti Q fever
Ehrlichia sppecies Ehrlichiosis
Francisella tularensis Tularemia
TBE virus ant other viral agents Encefalitis and other viral diseases
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platelets or abnormal platelet destruction in chronic phase. Decrease in platelet count, is clinically detectable on
basis of the petechial rash or ecchymosed hemorrhages to the development of hemorrhagic diathesis.

Experimental study of the immune-competent dogs showed that after 6 - 9 weeks, ehrlichiae can be eliminat-
ed by immune system of the host, or occur bacteriemia with varying in severity and duration of thrombocytope-
nia, leucopenia, anemia. Dogs, without an effective immune response, develop chronic infection [14] [15].

2. Methodology

In our study, we have shown the experience in the diagnosis of Ehrlichia canis (E. canis) infection in humans,
and examined the prognostic value of disease.

On the basis of data the frequency of participation E. canis in co-infective forms of VBD, were also consi-
dered aspects of prognostic value of disease.

In period from 2008-2013, we have analyzed 250 patients suspect of VBD. The examination there were in-
cluded clinical, laboratory and epidemiological methods.

2.1. Clinical Diagnosis

The largest number of human ehrlichial infections passed asymptomatically /silent disease/ and discovered only
by accident. Clinical manifest infection with ehrlichia agents, passed through three stages:

In acute stage, the bacteria reproduce in white blood cells. Non specific symptoms are dominated. Classically
manifested ehrlichiosis present as a rather non specific multisystem diseases. Within 1 - 2 weeks following ex-
posure to an infecting tick, patients experience non specific symptoms, including fever, headache, myalgia and
general weakness, but also enlarged spleen and liver, adenopaty. Hematological discarders most commonly as-
sociated with ehrlichiosis included non regenerative anemia and thrombocytopenia. Serum chemistry commonly
reveals hyperglobulinaemia/monoclonal and polyclonal gammopaty, hypoalbuminaemia and low albumin—
globulin ratio, high level of serum transaminases, leucopenia, anemia, and possible exanthemas. During the
course of the illness, the manifestations of multisystemic disease develop in approximately 10% to 40% of pa-
tients, including cough, pharyngitis, lymphadenopathy, diarrhea, vomiting, abdominal pain and changes in men-
tal status. Less frequently reports manifestations include conjunctivitis, disuria. Human patients may present
uveitis and/or retinal petechie, polymiositis, polyarthritis and central nervous system disturbances.

2.2. Laboratory Diagnosis

Serologic tests may provide negative results for the majoryti of patients during the first week of illness.

Indirect Immunofluorescent assay (I1F): Most patients with HME have been diagnosed by IIF. The original
IIF format for detecting antibodies reactive with E. chaphensis used a surrogate antigen E. canis, as substrate.
Paired sera during a 3 - 6 week interval represent the preferred specimen for serologic evaluation of HME. Both
immunoglobulin IgM and 1gG antibodies can be measured using the IIF. It is important to obtain a convalescent
phase serum specimen since most 80% patient’s diagnostic IIF titers by six weeks post infections.

Western blotting (WB): The use of WB has permitted the identification of antigenic variability among isolates
of E.chaffensis and identified variability in the reactivity of patient’s sera to a number of E. chaffensis antigens.

Visualization of morulae and staining methods: Microscopy diagnosis of ehrlichia spp. founded of the Giem-
sa-i strain and identification of the morulae in circulating monocytes, neutrophils and platelets in peripheral
blood and bone marrow aspirates by using various eosin-azure (Romanovski) type stains, including Wrights,
Diff-Quik, Giemsa-i. Although this technique offers the most rapid method of diagnosis, it is considered rela-
tively insensitive and is seldom confirmatory in clinical practice, In this context, morula positive smears are
characteristically seen a minority of patients even in patients from whom the organism has been isolated.

PCR amplification; Polymerase Chain Reaction (PCR) identifies DNA from ehrlichia species in whole blood,
cerebrospinal fluid (CFS) and serum are becoming standard complements to serologic assay. Frequently positive
results can be obtained by PCR using an acute phase whole blood sample from E. chaphensis patients at the time
when testing is still negative.

3. Results

In period from 2008-2013, we have analyzed 250 patients suspect of VBD. The confirmation of Ehrlichia canis
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was in serum of 64 patients, thanks to IIF. The other laboratory and serological methods (Elisa, Western blood)
are used for differential diagnosis and detection of co-infective forms of diseases. In 53 (82.81%) cases we de-
tected co-infective participation of E. canis with Rickettsia conorii in 24 (45.28%) cases (by IFA and Elisa me-
thod), Coxiella burneti in 6 (11.32%) cases (by IIF and Elisa method), and Borrelia burgdorferi in 23 (43.39%)
cases (by Elisa, WB and PCR method).

3.1. Results of Epidemiological Studies

Ehrlichial agents are speed to human’s trough the bite of infected ticks, sometimes resulting from contact with
animals. Our study showed that 67% of cases there was a tick bite, and in 33% there was no tick bite anamnesis.
Maximal frequency of tick bites and the number of patients with HGE caused by E. canis, has registered in the
suburban settlement which are endemic areas for tick borne infections. Incidence of ehrlichiosis increases with
age. The highest incidence reported among persons aged 60+ years.

3.2. Results of Clinical Diagnosis

Physical findings due to ehrlichiosis are minimal, except co-infections. The highest manifest exanthemas are in-
crease in cases with co infective participation of Ehrlichia canis and Ricketsia conorii (Figure 1(a) and Figure
1(b)).

In our investigate group, dominant non specific symptoms has presenting in Table 3.

3.3. Results of Serological Studies

In our series IIF method showed participation of E. canis in 64 patients. In 53 cases we detected co-infective
participation of E. canis with other vector borne agents: Rickettsia conorii in 24 cases, Coxiella burneti in 6
cases, and Borrelia burgdorferi in 23 cases.

3.4. Results of Therapeutic Treatment

Tetracycline appears to be an effective therapy for HME. More active than tetracycline against are many patho-
gens, especially pathogens of the vector borne agents group. Different adverse effect profile and pharmacoki-
netics compare to tetracycline. By blocking dissotiation of peptide t-RNA from ribosome’s, inhibits bacterial
growth, causing RNA-dependent protein synthesis to arrest.

@ (b)

Figure 1. (a) Maculopapular rash in co infection between Ehrlichia canis and Rickettsia conory agents; (b) Primo affect in
site of tick bite (Original material of Prof. dr Bogdanka Andri¢).

()
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Table 3. Clinical simptomatology in examined cases N-64.

Symptoms Cases %
Skin manifestations (total) 34 53.12
Primo affect 17 26.56
Generalized exanthemas 23 35.94
Blood disorders (total) 57 89.06
Anemia 22 34.37
Leucopenia 48 75.0
Thrombocytopenia 9 14.06
Mocsynonucleosis like syndrome (total) 41 64.06
Adenopaty 18 28.12
Enlarge of spleen 26 40.62
Hepatomegaly 19 29.69
Transitory respiratory disturbances (total) 18 28.12
OISy: fever, malaise, mialgiae, artralgie, headache (total) 64 100.0
Prolonged febrile illnesses (total) 11 17.19
Syndrome of acute leucosis 5 7.81

In our studies Doxiciclyne are administrate in all 64 adult patients with good therapeutically effect. The the-
rapeutic dose 100 - 200 mg into the 12 hours. In our investigated group, is not are the patients who are unable to
take doxicycline (children to the 8 ages and pregnant females). With proper treatment the prognosis is good.
Most pets respond within 1 - 4 days and will make a complete recovery. We have occasionally seen humans that
have developed immune system problems after an infection with ehrlichiosis. In these cases the humans require
anti-inflammatory medications in addition to antibiotics.

Fluoroquinolones may be useful against ehrlichia, but experience is limited.

4. Discussion

Ehrlichia canis was first discovered in Algeria in 1935. Interest for this agent increased when it was determined
to cause a fatal hemorrhagic disease in dogs. In 1986 E. canis was implicated serologically and morphologically
as the cause of HME in humans. The primary vectors transmit of ehrlichia agents are the different ticks. In Eu-
rope the different ixodes ticks. In America, tick Amblioma americanum (Lone Star Tick) [1].

Ehrlichiosis is an infection of white blood cells that affects various mammals, and humans.

During 1990 Bakken [4] and Buller [8] identified additional ehrlichia spp. Anaplasma (formerly ehrlichia)
phagocytophila, the agent of HME and E. evingii (causative agent a HME in dogs) as human pathogens, and
these reports greatly expanded the geographic regions and the size of the human population at risk for acquiring
one of these potentially lethal infections.

Ehrlichioses is a difficult diagnostic problem, usually in co-infections with various tick-borne pathogens tran-
smitted by the same vector [9]-[14].

In Montenegro the first etiological confirmation of ehrlichiosis in human and animals was in 2008. We
present our experience in context of global perspectives of the disease.

Classical microscopy diagnosis of E. canis entails identifying the morulae of circulating monocytes, neutro-
phils or platelets [1], we not identified. Fact that their findings cannot expected only in the acute phase of infec-
tion, and what their findings in the peripheral blood is small, present big diagnostic problem.

For the detection of specific antibodies and proteins in serum are used IIF, WB and PCR [15]-[17].

In experimentally infected dogs with E. canis, detection of specific antibodies with IIF method earlier than 7
days after infection, but there are statements about the development of seropositive 28 days after infection. The
finding of positive titers of specific antibodies, it is not a marker for the estimation of age or activity of infection.
For these reasons, if ehrlichiosis is suspect in seronegative patients, diagnosis should be repeated after 2 - 3
weeks. In the dogs specific IgG antibodies is greater than 1:80, confirm the diagnosis, but also the titer of less
than 1:80 repeat for 2 - 3 weeks, or PCR or WB test [18] [19].
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In known endemic foci, where the dogs are chronically infected, and with positive titers of specific antibodies
to E. canis likelihood of false positives is small.

However, positive serological findings without clinical symptoms of the disease may represent an indicator of
past infection, and no evidence of active infection with ehrlichia. Titers of antibodies to E. canis increase in the
stage of active infection. May be increased when co-infection, with multiple infections caused by different
agents of TAZ complex (with other types of ehrlichia, rickettsia, bartonella, borrelia, babesia and other). Dis-
eases caused to some of these agents can be clinical, serological resemble each other [20].

As an example, it is stated that finding immunodominant protein E. canis, shows serological cross-reactivity
with E. chaphensis (causer of HME). The studies have shown that serological IIF tests can not exactly make a
distinction between these two species was observed [21].

Therefore, the interpretation of E. canis serology should include: clinical course of infection [21], cross-reac-
tivity with other ehrlihia species, features causing of the multiple tick-borne infections and persistent antibody
after therapeutic treatment.

Titers of antibodies it is also important to avoid mistakes in the therapeutic treatment. The treatment must be
based on the clinical management of remission of symptoms and signs of disease, changes of the serological re-
sponse to E. canis and competitive increasing concentrations of gama globulin [7]. PCR is a sensitive method
for detection of acute phase of infection with E. canis, but it has its limitations, and is indicated as a complement
to serological methods [20].

The high capacity of adaptation of ehrlichial agents is associated with the ability to survive in many and vari-
ous hosts. It is important for the development of antibiotics resistance and survival in the cerebrospinal fluid
(CSF), as well as to change the morphological forms of microorganisms, including their spirochete, cystic forms,
oval, granular, L-forms (no cell wall). This allows the microorganism long persistence, to antibiotic therapy
treatment and immune activity and the immune based disease.

Targeted studies of surface protein MSP2 of ehrlichia, it was found that its antigenic variation correlated with
patogeniti and persistence of causer. This antigen is significant as a primary focus in the pathogenesis of the di-
sease and research related to vaccines.

In the acute stage, in clinical presentation, dominant non specific symptoms including fever, musculoskeletal
pain, fatigue, weakness etc. When the bacteria has reproduce in white blood cells and reaches the lymph nodes,
spleen, liver, bone marrow, sub clinical remains in the body for years without symptoms, except for anemia [21].
Chronic stage is a difficult diagnostic problem, because make direct symptoms which include neurological,
rheumatologic manifestations.

During our investigations, the dominant non-specific clinical symptoms impeded the clinical reccognisation
of the disease. Presence of the symptoms of vector borne diseases: primo affect, erythema migrans at the site of
a tick bite, exanthemas, manifestation of signs of mononucleosis syndrome, acute respiratory and hematological
disorders, masked the clinical picture [21].

5. Conclusions

Based on studies conducted in Europe, ehrlichiae are classified among the most frequent tick-borne co-transmits
agents with borrelia burgdorferi and other agents of VBD complex, as confirmed by our investigations. Endemic
distribution of these agents defines the participant in co-infective vector transmission, and co-infective participa-
tion in common diseases.

The series is small for making exacting conclusions, but enough to hint numerous diagnostic, differential dia-
gnostic, therapeutic problems, related to the prognostic assessment of disease, which is classified among the
“emerging zoonoses”.

Ehrlichiosis is a difficult infectious disease to diagnose. Co-infections of various tick-borne pathogens trans-
mitted by the same vectors additionally complicated the diagnosis.

The preferred drugs for both human ehrlichiosis are doxiciclyne. Rifampyn may be useful in patients who are
unable to take doxicycline (children, pregnant women).

Ehrlichiosis is also present in our country, so this disease should be considered every day, especially in the in-
fectology practice. The mainstay of prevention of ehrlichiosis is tick control.

The drug of choice for treatment for all forms of ehrlichiosis is doxicycline for at least one month.

)
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