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Abstract
Introduction: Human granulocytic anaplasmosis (HGA) is a transmissive natural focal disease, which is
clinically manifested by acute fever, damage of skin, liver, kidney, the nervous system and hematologic
disorders. The purpose of our study was to characterize the regional features of clinical manifestations of
human granulocytic anaplasmosis, to reveal the most informative clinical and laboratory signs for the
diagnosis of HGA, and co-infection HGA with Lyme disease (LD).
Material: We have examined 498 patients with a suspicion of tick-borne diseases with different clinical
manifestations who were on treatment in 2006-2014 in regional infectious diseases hospitals in Lviv and
Lutsk in Western Ukraine. For confirm HGA diagnosis, the serum of all patients was tested by ELISA
for the presence of an antibody (Ig G) to the HGA agent in diagnostic titles (> 100). At the second stage
of confirmation of the diagnosis, we determined the Anaplasma sp. DNA in the blood by PCR.
Results: Cases of human granulocytic anaplasmosis during 2006-2014 were laboratory verified in 60
patients (12.0 ± 1.5) %. Among the 60 laboratory-verified cases of HGA, only 30 (50 ± 6.5)% were
detected with monoinfection, cases co-infection HGA-LD were in 28 ((46.7 ± 6.4) %) patients and
patients with antibodies to HGA and TBE were detected in (3.3 ± 0.7) % cases. The main clinical
manifestations of HGA monoinfection in the western region of Ukraine are systemic intoxication
syndrome (85.7%), hepatitis (50%), acute nephropathy (46.4%), changes in the hemogram (leukopenia
with neutropenia, thrombocytopenia) in 85.7% of patients.
Conclusions: The cases of human granulocytic anaplasmosis on the western region of Ukraine were
detected and laboratory confirmed. The most characteristic manifestations of HGA monoinfection and
co-infection HGA-LD were determined.
Keywords: Human granulocytic anaplasmosis, symptoms, Anaplasma phagocytophilum, Lyme disease,
tick-borne infections, Ukraine
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Introduction
Human granulocytic anaplasmosis (HGA) is a transmissive natural focal disease, which is
clinically manifested by acute fever, damage of skin, liver, kidney, the nervous system and
hematologic disorders [1].
The causative agent of the infection is Anaplasma phagocytophilum (A. phagocytophilla) of
the genus Anaplasma of the Anaplasmataceae family [2]. The disease is characterized by a wide
range of clinical manifestations and a high risk of complications [3]. Mortality in Europe is 13%, and reaches 7-10% in the United States [4].
The urgency of the problem of human granulocytic anaplasmosis in Europe and North
America is determined by economic losses due to the high incidence of the disease and the
widespread occurrence. It occupies the third place after Lyme disease (LD) and tick-borne
encephalitis (TBE) among zoonotic diseases [5] in many European countries, including −
bordering on Ukraine [6]. In Ukraine, the theoretical and practical aspects of this infectious
disease are studied, therefore, practitioners need more information about this illness.
The purpose of our study was to characterize the regional features of clinical manifestations of
human granulocytic anaplasmosis, to reveal the most informative clinical and laboratory signs
for the diagnosis of HGA, and co-infection HGA with LD.
Material and Methods.
We have examined 498 patients with a suspicion of tick-borne diseases with different clinical
manifestations who were on treatment in 2006-2014 in regional infectious diseases hospitals in
Lviv and Lutsk in Western Ukraine.
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Criteria for inclusion in study based on the presence of the
patient's main manifestations after tick bite:
 hyperthermia and the effects of intoxication - weakness,
fatigue, headache, myalgia;
 skin lesions - a spotty rash of pink color on the limbs,
which later extended to the body and face;
 signs of liver damage - liver enlargement, scleral
icteriosis, increase in liver enzymes (transaminases);
 changes in the blood analysis - leukopenia,
thrombocytopenia;
 epidemiological criteria - tick bite or stay on the endemic
territory with naturally-focal infections (in the forest) etc.
Exclusion criteria are the presence of antibodies to viral
hepatitis B and C.
For confirm HGA diagnosis, the serum of all patients was
tested by ELISA for the presence of an antibody (Ig G) to the
HGA agent in diagnostic titles (>100),with commercial test
systems manufactured by Omnix® (St. Petersburg, Russia).
The ELISA determination was carried out in accordance with
the instructions of the manufacturers of test systems using the
control sera (K +, K-) in the solid phase on the 96-well
polystyrene tablets using Engvall et al. [7]. The reaction results
were taken into account using the Вiotek immuno-enzymatic
photoelectric analyzers at a wavelength of 450 nm.
At the second stage of confirmation of the diagnosis, we
determined the Anaplasma sp. DNA in the blood. PCR for
detection used the commercial diagnostic test system AmpliHGA®, while Omnix® (St. Petersburg, Russia) Real-time
PCR results were recorded using the Rotor-Gene TM 6000
amplifier and the Thermal Cycler System software.
Taking into account a significant proportion of tick-borne coinfections among 498 patients who were examined at HGA,
some of them were examined at the same time on LD (452),
on TBE (211).
The detection of Ig G antibodies to Lyme disease agent was
carried out by the ELISA method using commercial test
systems manufactured by Omnix® (St. Petersburg, Russia).
The reaction results were taken into account using the Вiotek
immuno-enzymatic photoelectric analyzers at a wavelength of
450 nm.
To determine the Ig M antibodies to the TBE virus, a test
system for the production of Vector-Best ® (Russia) was
used. The reaction results were taken into account using the

Вiotek immuno-enzymatic photoelectric analyzers at a
wavelength of 450 nm.
The statistical processing of the obtained results was
performed with the program package "Statistica 6.1", using
non-parametric (Mann-Whitney) and parametric (Spirman)
methods for evaluating the obtained results.
Results
Cases of human granulocytic anaplasmosis during 2006-2014
were laboratory verified in 60 patients (12.0 ± 1.5) % −
residents of 10 cities and 15 administrative districts of Volyn
and Lviv oblasts.
The group included 31 male and 29 female, the male to
female ratio was 1.1: 1. The average age of patients with
HGA was 49.2 ± 2.88 years, the age range ranged from 16 to
72 years. It was found that 2/3 (66.7 ± 6.1) % of all patients in
this sample comprised individuals aged 31 to 60 years.
Among the 60 laboratory-verified cases of HGA, only 30 (50
± 6.5) % were detected with monoinfection, cases coinfection HGA-LD were in 28 ((46.7 ± 6.4) %) patients and
patients with antibodies to HGA and TBE were detected in
(3.3 ± 0.7) % cases.
The fever lasted from 3 to 10 days (an average of 3.9 ± 0.29
days). An increase in body temperature was observed in 17
(56.7%) patients. Rash were found in more than half of the
patients − 16 (53.3%) and weakness −13 (43.3%) patients,
which were combined with headache − 10 (33.3%) patients,
myalgia − 7 (23.3%) and arthralgia of large joints − 4 (13.3%)
patients.
Two (7.1%) patients had a pale pink spotty rash on the trunk
and limbs, which was not accompanied by any subjective
sensations of pain or itching.
Among patients with monoinfection HGA, 14 (50%) patients
had liver damage: 7 (25.0%) of them had icteric sclera and
skin, 4 (14.3%) patients complained of dark urine. At further
examination in 13 (46.4%) of them the liver enlargement was
detected.
Taking into account the prevalence of liver disease in the
population, the results of laboratory tests, namely,
biochemical parameters of blood in patients with
monoinfection НGA were compared with the data of
biochemical blood tests of healthy persons, candidates for
blood donors (n = 50), which did not differ significantly in
age from the group of patients with HGA (Table 1).

Table 1: Comparison of indicators of biochemical blood analysis in patients with HGA and healthy individuals, candidates for blood donors
Patients with HGA (n=30) Healthy individuals, candidates for blood donors (n=50)
Abs. number
M (%)
Abs. number
M (%)
High bilirubin level
11
36.7
1
2
High transaminases level
11
36.7
4
8
High alkaline phosphatase level
10
33.3
1
2
*p<0.05 – a significant difference between the indicators in patients with HGA and healthy individuals
Biochemical indicators

High bilirubin level was detected in 11 (36.7%) patients,
compared to control group − only 2% (p<0.001). The highest
level of total bilirubin in the blood of the patient with HGA
was 48.73 μmol/L. A similar dependence was established in
the study of the activity of transaminases, in 11 patients
(36.7%) high transaminases level was detected, in contrast to
8% in the control group (p<0.01). An increase in alkaline
phosphatase was found in 10 (33.3%) patients, which is
higher than the corresponding indicators among healthy
donors — 2% (p<0.001).
Kidney damage is one of the most important manifestations of

p
<0.001*
<0.01
<0.001*

human granulocytic anaplasmosis. In 5 (17.9%) patients with
HGA, we found an increase in urea (8.3-9.4 mmol/l) and
creatinine (120-138 mmol/l), indicating the presence of
nephropathy in the acute period. In 3 (10.7%) patients, the
presence of protein was determined in the urine, and 10
(35.7%) patients had epithelial cells (>10) in urine.
The following changes were detected in the hemogram of
HGA patients (Table 2): anemia was detected in 2 patients
(6.7%) − Hb 105 and 107 g/l. The confirmation of the specific
effect of A. phagocytophilum on blood cells was a change in
the leukocyte formula in all patients with HGA. Most
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commonly in blood analysis were detected: leukopenia in 21
(70.0%) patients and lymphopenia in 18 (60.0%) patients,

while leukocytosis was found in only 4 (13.3%) patients, an
increase in ESR in 30.0% of patients.

Table 2: Indicators of blood analysis in patients with HGA and healthy individuals, candidates for blood donors
Patients with HGA (n=30) Healthy individuals, candidates for blood donors (n=50)
Abs. number
М (%)
Abs. number
М (%)
Anemia
2
6.7
1
2
Leukopenia
21
70.0
1
2
Leukocytosis
4
13.3
2
4
Lymphopenia
18
60.0
1
2
Thrombocytopenia
2
6.7
Increasing the ESR
9
30.0
1
2
*p<0.05 – a significant difference between the indicators in patients with HGA and healthy individuals
Indicators of blood analysis

As the most important feature of HGA in the western region
of Ukraine is a significant proportion of co-infections, which
is confirmed by the existence of the combined foci of HGA
and LD, our next task was to determine the clinical
manifestations in patients with co-infection with LD. Among
28 (46.7±6.4%) cases of co-infection, HGA-LD: 21
(35.0±6.1%) of them were diagnosed co- infection HGA with
LD in the stage of localized infection and at 7 (11.7±4.1%) −
with LD in the disseminated stage.
The most frequent manifestation of HGA and LD in the stage
of localized infection was identified by migratory erythema,
which was detected in 18 (85.7%) patients. Its diameter
averaged 19.3 cm and varied from 7 to 34 cm. Erythema
occurred at the site of tick bite and predominantly localized
on the legs − in 10 of 18 patients, which was 55.6%.

p
>0,1
<0,001*
>0,1
<0,001*
<0,01

Manifestations of systemic intoxication syndrome were
detected in 13 (61.9%) patients, but the acute onset of the
disease with a sudden increase of body temperature to the
febrile level (+ 38 ° C and>) was observed only in 6 (28.6%)
patients. In 5 (23.8%) patients, the disease began with an
increase of body temperature to the subfebrile level, followed
by erythema on 2-4 days.
Damage to the nervous system was detected in 5 (23.8%)
patients with co-infection HGA and LD in the localized stage.
The development of neurological lesions were in the period
from 5 to 35 days and the average was 16.4 days from tick
bite.
A comparative study of clinical manifestations of co-infection
HGA and LD in the stage of localized infection and HGA
monoinfection of revealed a number of differences (Table 3).

Table 3: Analysis of clinical manifestations of HGA monoinfection and co-infection HGA and LD in the stage of localized infection
Frequency
p
HGA monoinfection (30) co-infection HGA and LD (21)
Abs. number М±m (%)
Abs. number
М±m (%)
1.
Migratory erythema
0
18
85.7±4.9
<0,05*
2.
Icteric sclera and skin
7
23.3 ±5.9
0
<0,05*
3.
Liver enlargement
13
43.3±6.9
7
33.3±6.6
>0,05
4.
High bilirubin level
11
36.3±6.7
2
9.5±4.1
<0,02
5. High transaminases level
11
36.3±6.7
2
9.5±4.1
<0,02
6.
Leukocytosis
4
13.3±4.8
10
47.6±7.0
<0,01
7.
Leukopenia
21
70.0±6.4
4
19.0±5.5
<0,001*
*p<0.05 – a significant difference between the indicators in patients with HGA and patients with HGA-LD
№

Clinical Signs

Liver enlargement was observed in 7 (33.3%) patients with
lesions of the nervous system in the form of cerebrospinal
co-infection HGA and LD and in 13 (43.3%) patients with
symptoms (headache, dizziness, paresthesia and tremor of the
HGA monoinfected (p> 0.05). In cases of co-infection with
upper limbs) occurred in 3 (42.3%) patients, cardiovascular
HGA and LD, a slight increase of bilirubin and transaminases
disorders (relative bradycardia, palpitation) and respiratory
level was observed in 2 (9.5%) patients, significantly lower,
system (pharyngitis ) − in 2 (28.6%) patients, musculoskeletal
than in HGA monoinfection − 11 (36.3%) patients indicated
system (arthritis and synovitis) and liver − in 2 (28.6%)
an increase in bilirubin and transaminases level and in 7
patients, respectively.
(23.3%) patients had icteric sclera and skin (p<0.02).
Renal impairment in co-infection HGA and LD was not
Discussion
observed, unlike HGA monoinfection, in which renal
For HGA monoinfection were characterized by an acute
involvement was manifested in 5 (16.7%) patients with
course with the prevalence of febrile fever and severe
elevated urea (8.3-9.4 mmol/L) and creatinine (120-138
systemic intoxication syndrome, which corresponds to the
mmol/L).
literature [8]. The rash belongs to typical and important
In the case of co-infection HGA and LD in the hemogram was
manifestations [9, 10], which, according to various authors, is
observed leukopenia in 4 (19.0%) and leukocytosis in 10
resorted with a frequency of 1% [8] to 16% [10], and our
(47.6%) patients. Leukopenia was detected in 21 (70.0%) and
patients are found to be 7.1%.
much less (p<0.001) leukocytosis in 4 (13.3%) patients with
Liver impairment of HGA, according to the literature [4, 8-12],
HGA monoinfection (p<0.01).
are among the most important manifestations and occur in 83The cases of co-infection HGA with LD in the stage of
85.1% of patients. However, in our patients, elevated bilirubin
dissemination were more difficult. Among 7 patients with colevel and high transaminases level were detected in 11
infection HGA-LD in the stage of dissemination, the signs of
(39.3%) patients, while elevated alkaline phosphatase and
systemic intoxication syndrome were noted in 3 (42.3%). The
thyme samples were detected in 10 (35.7%) patients, which
~ 120 ~
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can be attributed to the HGA characteristics of the Western
region.
The study of the manifestations spectrum in patients with
HGA cases and a comparative analysis of the data obtained by
other researchers [8-11] and we showed that the frequency of
lesions of individual organs and systems of the body of
patients in the western region of Ukraine had certain features.
The distinctive features of laboratory confirmed cases of
HGA in our studies include a higher percentage of leukopenia
(71.4%) than in Europe (47%), as well as a lower index of
kidney damage (17.9%) than in Russia (29.8% ), respectively
[13, 14]
.
The clinical data we obtained about the course of co-infection
HGA and LD in the stage of localized infection coincided
with the results of studies of foreign authors regarding the
high frequency ME [8, 10]. Particular attention deserves the
study of clinical signs of liver impairment. According to
Russian authors who describe liver enlargement from 33% [15]
to 63.6% [16] with HGA-LD co-infection, we observed an
increase in liver in only 7 (33.3%) patients. An increase of
bilirubin level was determined in individual patients and
according to our data and literature data. However, the growth
of transaminases level was established by us only in 2 (9.5%)
patients, as opposed to 41.5%, according to other authors [15,
17, 18]
.
Changes in the hemogram, such as leukopenia and
leukocytosis in HGA-LD co-infection were observed in 4
(19.0%) and 10 (47.6%) patients respectively. In contrast to
the literature [15, 17, 18], where leukopenia was detected in 13.351.9% of patients, and leukocytosis in 3.9% of patients [15, 18].
The results of the clinical manifestations analyzed of
laboratory-confirmed cases of co-infection HGA with the
disseminated form of LD coincide with the data of studies of
foreign authors [1, 4, 15, 17-19].
Conclusions
The cases of human granulocytic anaplasmosis on the
territory of the western region of Ukraine were detected and
laboratory confirmed.
It was established that HGA monoinfection is (50 ± 6.5) %,
co-infection HGA and Lyme disease − (46.7±6.4) %, the coinfection HGA and TBE − (3.3±0,7) %.
The main clinical manifestations of HGA monoinfection in
the western region of Ukraine are systemic intoxication
syndrome (85.7%), hepatitis (50%), acute nephropathy
(46.4%), changes in the hemogram (leukopenia with
neutropenia, thrombocytopenia) in 85.7% of patients.
The most frequent manifestation of co-infection HGA-LD in
the stage of localized infection is migratory erythema, which
was detected in 18 (85.7%) patients.
A combination of human granulocytic anaplasmosis with a
disseminated form of Lyme disease has a severe course with
lesions of the nervous system, musculoskeletal system and
cardiovascular system.
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