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ARTICLE INFO ABSTRACT
Keywords: Objectives: The Balkan Peninsula, acting as a crossroad between central Europe and the Middle East, presents
Ticks diverse ecosystems supporting various tick species capable of transmitting TBDs. This study focuses on Serbia and

Tick-borne diseases (TBDs)
Tick-borne pathogens (TBPs)
Epidemiology

Balkans

North Macedonia, both endemic for TBDs, aiming to investigate human-biting ticks’ prevalence, TBD prevalence,
and major TBPs in blood samples.

Patients and Methods: This prospective observational study was conducted in 2022 at two medical centers,
involving 45 patients from Novi Sad, Serbia, and 17 patients from Skopje, North Macedonia. All participants had
either a tick still attached or had had one removed within the preceding 48 h. The study consisted in clinical
evaluations of patients and testing of patient samples and ticks for tick-borne pathogens using a High-Throughput
pathogen detection system based on microfluidic real-time PCR. In addition, the study assessed the genetic di-
versity of the identified pathogens.

Results: Ixodes ricinus was the most prevalent tick species, with varying infestation rates across various body parts.
Tick species and feeding times differed between Novi Sad and Skopje. TBPs were prevalent, with Rickettsia spp.
dominant in Skopje and a mix including Rickettsia aeschlimannii, Rickettsia monacensis, Anaplasma phag-
ocytophilum, and Borrelia afzelii in Novi Sad. Subclinical bacteremia occurred in 8.06% of cases, mostly involving
Anaplasma spp. Clinical manifestations, primarily local hypersensitivity reactions, were observed in six patients.
Phylogenetic analysis confirmed R. aeschlimannii and R. monacensis identity, highlighting genetic differences in
gltA gene sequences.

Conclusions: This study sheds light on the prevalence and diversity of TBPs in tick-infested individuals from
Serbia and North Macedonia, contributing valuable insights into the epidemiology of TBDs in the Balkan region.

1. Introduction climatic zones and geographic landscapes [1]. In addition to L ricinus,
the diverse ecosystems of the Balkans support various tick species
The Balkan Peninsula transitions between temperate and subtropical capable of infesting humans and transmitting tick-borne pathogens
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Fig. 1. Study flowchart. IDC Skopje — Infectious Disease Clinic in Skopje; PI Novi Sad — Clinic for Lyme borreliosis and other Tick-Borne Diseases of the Pasteur
Institute Novi Sad.



P. Banovi¢ et al.

Infectious Diseases Now 54 (2024) 104959

Sombor Backa Topola
Becej . )
Zabalj
Backa Palanka Novi Sad
4. Sremski Karlovci
Backi Petrovac “.l’
“ “V
‘%«r,&‘ trig
et
Beotin Sy~
Indija
Sremska Mitrovica Majdanpek
Valjevo
Boljevac
Bajina Basta
Svrljig
Kraljevo Pirot
Centar Butel
Tetovo
Gazi Baba
Aerodrom
Kisela Voda
Berovo
Sopiste
0 100 200 km Ilinden
[ E— Studenicani

Fig. 2. Geographical locations where the tick infestations occurred in patients reported to Pasteur Institute Novi Sad and Infectious Disease Clinic in
Skopje. The location distribution is presented by municipalities, across Serbia and North Macedonia. Two cases of infestation that occurred outside Serbia and North
Macedonia are not presented on the map. The Serbian and Macedonian shape file for mapping at municipality levels is available at the GADM database of Global
Administrative Areas (v4.1, July 2022, https://gadm.org/). The map was generated by using QGIS v3.12 (QGIS Development Team, 2020).

(TBPs) (e.g., Hyalomma spp., Rhipicephalus spp., Dermacentor spp., and
Haemaphysalis spp.) [2-4]. Consequently, the Balkan countries have
regions endemic for various TBDs, including Crimean-Congo Hemor-
rhagic fever (CCHF) [2,5,6], Mediterranean Spotted Fever (MSF) [7,8],
and Lyme borreliosis [9,10].

Serbia has a moderate continental climate, and previously reported
tick-borne infections caused by members of the Borrelia burgdorferi sensu
lato (s.1.) complex and emerging Spotted Fever Group Rickettsia (SFGR)
afflicting tick-infested Serbian residents [10,11]. Despite this, clinical
reports of emerging TBDs are still scarce in Serbia, suggesting potential
exposure to neglected TBPs, such as Anaplasma phagocytophilum, Borrelia
miyamotoi and Tick-Borne Encephalitis virus (TBEV) [12-14].

North Macedonia, bordering Serbia to the north, exhibits continental
and Mediterranean climates transitioning from the northern regions to
the southern regions bordering Greece. Currently, data on tick species
infesting humans in North Macedonia are limited, and burden of TBP in
ticks removed from Macedonians has not been investigated [9]. The re-
emergence of CCHF in 2023 [6] and a case of MSF-like illness in 2022
[15] underscore the need for a comprehensive examination of TBD
prevalence and TBP exposure in the Macedonian population.

Therefore, our study aims to examine the prevalence of human-biting
ticks, as well as TBD prevalence of in tick-infested human cohorts from
Serbia and North Macedonia, and to identify major TBPs in the blood
samples of the infected patients.

2. Materials and methods
2.1. Ethical statement

This study received approval from the ethics committee of Medicine
Faculty Skopje, University of Ss. Cyril and Methodius in Skopje (Ethical
approval No. 03-1835/2) and the ethics committee of Medicine Faculty
Novi Sad, University of Novi Sad (Ethical approval No. 01-39/24/1).
The research was conducted in compliance with the principles outlined
in the Declaration of Helsinki and adhered to the Patient Rights Law of
the Republic of North Macedonia and Republic of Serbia, respectively.

2.2. Patient recruitment and follow-up

Patients eligible for the study presented at the Clinic for Lyme bor-
reliosis and other TBDs of the Pasteur Institute Novi Sad (PI Novi Sad) or
the Infectious Disease Clinic in Skopje (IDC Skopje) with a tick still
attached or removed within the previous 48 h. Patients who self-
initiated antibiotic treatment or had pre-existing conditions were
excluded.

After obtaining informed consent, patients were scheduled for
follow-up visits at two weeks, four weeks, and three months. Epidemi-
ological data including affected body compartments were recorded, and
patients reported any symptoms between visits. Six months later, pa-
tients were contacted by telephone for late-stage TBD symptom
assessment.

Clinical examinations focused on skin and tick bite sites, with ob-
servations for fever, headache, muscle pain, and itching. Cutaneous
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Fig. 3. Comparison of tick infestation frequency in different body compartments. a) Pasteur Institute Novi Sad cohort. Ticks were the most frequently removed
from legs, inguinal/genital region and thorax/abdomen compartment; b) Infectious Disease Clinic in Skopje cohort. Tick infestation was the most commonly

registered in legs and arms. Created with BioRender.com.

hypersensitivity reactions were likewise monitored. If symptoms
appeared, further diagnostic procedures were carried out.

2.3. Tick collection and identification

Ticks from the Novi Sad cohort were mainly removed by patients or
local Community Health Center ambulances, while in Skopje, they were
primarily removed at the local Emergency Department. Removal in
healthcare facilities involved tweezers, with patients often using them or
their fingers; sometimes ticks were picked up after detachment. After
removal, patients were instructed to place ticks in plastic containers and
bring them to their respective centers.

Attached ticks (n = 66) were taxonomically identified following
standard keys by Estrada Pena et al. [16], considering sex and life stage.
Molecular identification of I ricinus and Dermacentor reticulatus used
microfluidic real-time PCR with species-specific primers/probes by
Michelet et al. [17]. Attachment time and likely encounter location were
assessed through patient information and when unsure, scutal and coxal
indices were used to calculate feeding time [18]. Collected ticks were
placed in 70 % ethanol and conserved at — 80 °C until DNA extraction.

2.4. Blood sample collection and sera extraction

After informed consent and within 48 h after tick removal was ac-
quired from each patient or patient’s caretakers (in the case of underage
individuals), 2 ml of blood were collected in BD Vacutainer® spray-
coated Na-citrate tubes (BD, Oakville, CA, United States) using BD
PrecisionGlide™ needles and BD Vacutainer® Safety-Lok™ system (BD,
Oakville, CA, United States) for adults and young patients, respectively.
Blood samples were stored at — 80 °C until DNA extraction. Blood and
tick samples were labeled to allow for pairwise analysis of pathogen
detection in ticks and humans. For serological analyses (see below), one
blood sample (3 ml) was collected in patients who developed lesions
suggestive of rickettsial disease or Lyme borreliosis at least three weeks
after tick removal, using BD Vacutainer® SST™ Tubes (BD, Franklin
Lakes, NJ, United States). Blood samples were allowed to clot at room

temperature and, after centrifugation at 2000 x g for 10 min, serum was
extracted and stored at — 80 °C until further use. If a patient developed
any kind of TBD-suggestive signs and symptoms (See 2.5. Clinical and
serological diagnosis of TBDs), a second serum sample was acquired four
weeks after tick removal for the purposes of paired serum examination.

2.5. Clinical and serological diagnosis of TBDs

Diagnosis of TBDs followed the European Society of Clinical Micro-
biology and Infectious Diseases (ESCMID) guidelines [19]. Patients
meeting the criteria for early-stage Lyme borreliosis, including erythema
migrans, were diagnosed if symptoms appeared > 72 h post-tick
removal. Other signs such as eschar or redness were considered for
localized rickettsial infection [11]. Non-specific lesions developing > 72
h post-tick removal were evaluated against the ESCMID criteria [19].
Patients without TBD signs in 6-month follow-up were discharged.
Molecular and serological analyses confirmed clinical diagnoses retro-
spectively (see below).

2.6. Detection of anti-Borrelia and anti-Rickettsia antibodies

Serum samples were heat-inactivated at 56 °C for seroreactivity
detection. Commercial ELISA kits were employed for anti-Borrelia spp.
IgG reactivity (recomWell Borrelia IgG, Mikrogen Diagnostik GmbH,
Neuried, Germany, Cat. No. 4204). The kits included OspC and VISE
antigens from B. burgdorferi sensu stricto (s.s.), B. garinii, and B. afzelii.
Assays followed the kit instructions and were validated using the pro-
vided controls. Results were interpreted qualitatively (positive/nega-
tive). Values < 24 units/mL were negative, >24 units/mL positive.
Units/mL were calculated from optical density (O.D.) at 450 nm.

To quantify anti-Rickettsia IgM and IgG, another commercial ELISA
kit was used (Vircell S.l,, Grenada, Spain, Cat. No. G/M1005), with
plates coated with cells containing Rickettsia conorii. Results were
interpreted qualitatively, and an antibody index (AI) was calculated by
dividing sample O.D. by mean O.D. from the kit’s cut-off serum, and
then multiplying by 10. An Al<11 was considered negative, >11
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Table 1
Prevalence of vector-borne pathogens detected by microfluidic real-time PCR in
ticks removed from patients.

Vector-borne pathogen(s) Total %
IDC Skopje cohort 17

Total infected ticks (>1 pathogen) 16 94.12
Rickettsia spp. 15 88.24
Rickettsia felis 1 5.88
Single infections 16 94.12
Rickettsia spp. 15 88.24
Rickettsia felis 1 5.88
TBPs not-detected 1 5.88
PI Novi Sad cohort 49

Total infected ticks (>1 pathogen) 43 87.76
Anaplasma spp. 3 6.12
Anaplasma phagocytophilum 5 10.20
Neoehrlichia mikurensis 1 2.04
Borrelia afzelii 3 6.12
Borrelia lusitaniae 1 2.04
Francisella-like Endosymbionte 6 12.24
Rickettsia spp. 13 26.53
Rickettsia aeschlimannii 4 8.16
Rickettsia helvetica 5 10.20
Rickettsia felis 2 4.08
Single infections 23 46.94
Anaplasma spp. 1 2.04
A. phagocytophilum 2 4.08
Borrelia afzelii 1 2.04
Francisella-like Endosymbionte 1 2.04
Rickettsia spp. 7 14.29
Rickettsia helvetica 5 10.20
Rickettsia aeschlimannii 4 8.16
Neoehrlichia mikurensis 1 2.04
Rickettsia felis 1 2.04
Mixed infections 10 20.41
Mixed infections with two pathogens 10 20.41
Rickettsia spp. + Anaplasma spp. 1 2.04
Rickettsia spp. + A. phagocytophilum 1 2.04
Rickettsia aeschlimannii + Francisella-like Endosymbiont 3 6.12
Rickettsia felis + Francisella-like Endosymbiont 1 2.04
Rickettsia felis + Borrelia afzelii 1 2.04
Borrelia lusitaniae + Anaplasma spp. 1 2.04
Borrelia afzelii + A. phagocytophilum 1 2.04
Borrelia afzelii + Rickettsia spp. 1 2.04
TBPs not detected 6 12.24

positive. O.D. was measured using an ELX800 ELISA reader (BioTek,
Wisconsin, VT, USA). Due to the known cross-reactivity of anti-SFGR
antibodies, detection of specific IgM and IgG was done only at the
genus level [19].

2.7. Molecular detection of pathogens

2.7.1. DNA extraction and DNA pre-amplification for microfluidic real-
time PCR

DNA extraction and pre-amplification followed established protocols
[10,11,20]. Blood and tick samples were processed using the Nucleospin
Tissue kit (Macherey Nagel, Diiren, Germany) according to the manu-
facturer’s instructions, yielding DNA eluted into 50 pL elution buffer and
stored at — 80 °C. Pre-amplification of total DNA utilized a pooled
primer mix targeting all pathogens and PreAmp Master Mix (Standard
Biotools, CA, USA) as per manufacturer guidelines. Pre-amplified re-
actions were diluted 1:10 in Milli-Q ultrapure water and stored at —
20 °C until further use.

2.7.2. Microfluidic real-time PCR

The microfluidic real-time PCR method used in this study has been
previously detailed [10,11,20]. It targets major TBPs such as Borrelia
spp., Anaplasma spp., Ehrlichia spp., Rickettsia spp., Coxiella spp., Babesia
spp., and other parasites (Supplementary Table S1). For comprehensive
information on the development and validation of this high-throughput
tool, including sensitivity, specificity, and control measures, please
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consult references [17] and [21].

2.7.3. Validation of microfluidic real-time PCR system results by PCR

To validate microfluidic real-time PCR system outcomes, Rickettsia-
positive samples underwent additional scrutiny via conventional and
nested PCR assays. Unique primers, distinct from those in the BioMark™
real-time PCR system, were used [22-25]. Targeted fragments of Rick-
ettsia outer membrane protein B (ompB) and citrate synthase (gltA) were
amplified using previously outlined primers and PCR conditions [11].
Sequencing was performed by Eurofins MWG Operon (Ebersberg, Ger-
many), with assembly conducted using BioEdit software (Ibis Bio-
sciences, Carlsbad). The accession numbers for nucleotide sequence data
from this study are 0Q678867, OR288098, OR288097, OR288100,
OR288099, and OR288101 in the GenBank, EMBL, and DDBJ databases.

2.8. Phylogenetic and genetic distance analyses

Basic Local Alignment Search Tool (BLAST) [26] was used to analyze
Rickettsia gltA and ompB sequences for species and genetic diversity.
GenBank was then searched for sequences within SFRG species,
including those from Serbia and/or North Macedonia, Europe, and other
continents. Sequences were aligned using MAFFT for accuracy,
excluding redundant ones. The Tamura 3-parameter (T92) model,
determined as the best-fit model, was applied for phylogenetic tree
reconstruction in MEGA X [27]. Maximum likelihood (ML) phylograms
were constructed with the "complete deletion’ option, and branch reli-
ability was assessed using the bootstrapping method (1000 replicates) in
MEGA X.

2.9. Genetic distance analysis

Genetic distances between Rickettsia aeschlimannii or Rickettsia
monacensis (targeting gltA or ompB gene) sequences from this study and
those from the same species in phylogenetic trees were calculated as p-
distance in MEGA X. These values assessed genetic diversity of Rickettsia
strains identified here and elsewhere in Serbia, North Macedonia, and
globally. The first comparison involved sequences from this study and
others in the trees (excluding those from Serbia and/or North
Macedonia). The second compared sequences from Serbia and/or North
Macedonia (excluding those from this study). The third compared all
sequences in the tree, excluding those from Serbia and/or North
Macedonia obtained in this or previous studies.

2.10. Classification of SFGR infection cases

Following retrospective assessment of diagnostic and xenodiagnostic
findings combined with clinical manifestations observed in patients,
SFGR infection cases were classified as in [11]. Briefly, SFGR infection
was considered confirmed if (i) SFGR DNA was detected in eschar crust
or in capillary blood sample collected from the lesion or (ii) four-fold rise
of anti-SFGR IgG was detected in the paired serum sample. Probable
SFGR infection was considered when even though SFGR DNA was not
detected in eschar crust or capillary blood sample, the patient had
compatible clinical manifestations with detection of anti-SFGR IgG in
single serum sample and positive xenodiagnostic finding (i.e., SFGR
DNA was detected in tick removed from skin). Finally, a case was clas-
sified as suspected SFGR infection if the patient had developed
compatible clinical manifestations with positive xenodiagnostic finding,
but without positive serology or SFGR DNA detection in eschar crust or
the capillary blood sample collected at lesion site.

2.11. Bias identification and management
The most significant bias identified during this clinical observational

study was the proximity of our centers to patients’ homes. Patients living
in urban and suburban areas of Novi Sad and Skopje are more likely to
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Demographic, clinical, xenodiagnostic and laboratory findings in persons with different manifestations of tick-borne diseases.

Patient number

59/22 161/22 282/22 306/22 337/22 356/22

General patient and tick-related data
Age/gender 61y/F 67y/M 61y/F 66y/F 45y/F 72y/M
Date of tick removal 04.05.2022. 20.05.2022 13.06.2022 14.06.2022 22.06.2022 28.06.2022
Suspected location of Popovica village, Sremska Kamenica, Hopovo monastery, Sremski Karlovci, Andrevlje, Besenovo village,

infestation Serbia Serbia Serbia Serbia Serbia Serbia
Date of illness 09.05.2022 03.06.2022. 07.07.2022. 27.06.2022. 30.06.2022 13.07.2022.
Incubation time 5 days 14 days 21 days 13 days 8 days 15 days
Tick species I. ricinus I. ricinus I ricinus I. ricinus I ricinus I ricinus
Tick life stage Larva Adult female Adult female Adult female Nymph Nymph
Tick feeding time N/A Less than 12 h Less than 12 h 5 days 2 days 2 days
Signs and symptoms
Fever No No No No No No
Headache No No No No No No
Myalgia No No No No No No
Eschar No No No No No No
Enlargedlymph nodes No No No No No No
Non-expanding local Yes Yes Yes Yes No Yes

redness
Expanding local redness No No No No Yes No
Itching sensation at lesion Yes Yes Yes Yes Yes No

site
Serological findings in serum collected on the day of tick removal
anti-Borrelia 1gG -) =) -) -) -) -)
anti-Rickettsia IgM ) -) ) (-) ) )
anti-Rickettsia 1gG ) ) ) ) ) )
Serological findings in serum collected 4 weeks after tick removal
anti-Borrelia 1gG ) ] ) ) €] =)
anti-Rickettsia IgM -) =) -) (+)4-fold increase (-) -)
anti-Rickettsia 1gG =) ) ) ) ) )
Clinical diagnosis

LPR LPR LPR Local SFGR infection Lyme LPR
borreliosis
Detection of TBPs
Patient blood ) =) (-) Anaplasma spp. ) )
Tick ) A. phagocytophilum Rickettsia spp. Rickettsia B. afzelii, A. phagocytophilum
aeschlimannii

N/A- not accessible, (+) — positive, (—) — negative.

report to IDC Skopje/PI Novi Sad for medical attention compared to
those who need to travel longer distances for control examinations. We
managed this bias by instructing general practitioners to strongly
encourage patients to report to IDC Skopje/PI Novi Sad if they acquired
a tick within or outside their home city. This approach allowed us to
analyze ticks from various locations across Serbia and North Macedonia,
not only from the municipalities of their residence.

2.12. Statistical analysis

For comparison of parametric variables between two cohorts, the
two-tailed Student t-test was used. Differences in p-distance values be-
tween the analyzed DNA sequences were assessed in GraphPad software
v.9 (GraphPad Software Inc., La Jolla, CA, USA). The Shapiro-Wilk
normality test rejected ‘normal distribution’ of the p-distance values
obtained. Therefore, the nonparametric Mann Whitney U test was used.
Statistical significance was considered when p < 0.05.

3. Results
3.1. Participant enrollment

In 2022, a total of 433 patients at PI Novi Sad and 386 patients at IDC
Skopje attended medical consultations and reported tick bites and tick-
associated infections. Following the initial consultation phase, a thor-
ough selection process was undertaken to identify participants who met
the study’s criteria. After excluding patients that did not meet these
selection criteria, we successfully formed two distinct cohorts for further
analysis: the IDC Skopje cohort, consisting of 17 participants, and the PI
Novi Sad cohort, with 45 participants. Fig. 1 illustrates this selection
process, including the clinical and molecular analyses conducted on the
samples collected from the 62 patients and the 66 ticks that were
attached to them.

3.2. Demographics of the enrolled patients

Demographic analysis showed that patients with tick infestations
from IDC Skopje were significantly older (59 years; 95 % CI:
51.8—66.9) than those reporting to PI Novi Sad (42 years; 95 % CL:
37.8—46.7; t=3.86, p < 0.001). Males constituted the majority in both
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Fig. 4. Genetic diversity of spotted fever group rickettsiae (SFGR) strains targeting ompB gene. Phylogram (A) shows position of the sequences obtained in the
current study (marked blue) and other sequences available in GenBank (accession numbers and country of origin are displayed). The phylogenetic tree was inferred
using the maximum likelihood method with the Tamura 3-parameter evolutionary model. The tree is drawn to scale, with branch lengths measured in terms of
number of substitutions per site. Numbers on internal branches are the bootstrap values (only values > 60 % are shown). The genetic distances between
R. aeschlimannii (B) and R. monacensis (C) nucleotide sequences included in phylogenetic tree were calculated as p-distances. Three sets of pairwise p-distance values
were collected and compared. P-distance values resulting from comparisons between the sequences identified in this study and others included in each tree
(excluding sequences previously identified in Serbia and/or Norh Macedonia) are labelled as ‘1. P-distance values resulting from comparisons between the sequences
previously identified in Serbia and/or Norh Macedonia and others included in the trees (excluding sequences identified in this study) are labelled as ‘2, if available. P-
distance values resulting from comparisons between all sequences of R. monacensis and R. aeschlimannii in the tree (excluding sequences obtained in Serbia and/or
Norh Macedonia, in this or previous studies) are labelled as ‘3'. Significance of comparison is marked (ns — non statistically significant). Differences between p-
distances in ‘1’, 2" and ‘3’ were assessed using the Mann Whitney U test (p < 0.05 was considered significant). Diagrams (B, C) show mean values of p-distance
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cohorts: with Skopje (13/17; 76.47 %); Novi Sad (33/45; 73.33 %).
Epidemiological survey supported by determination of tick feeding time

and Dermacentor spp., while Skopje patients also displayed Rhipicephalus
sanguineus and Haemaphysalis inermis.

revealed that tick infestation occurred in total of 33 municipalities,
including 11 and 20 municipalities within North Macedonia and Serbia,
respectively (Fig. 2). In the Serbian cohort, tick infestation most
frequently occurred in municipalities proximal to Fruska Gora Mountain
(i.e., municipalities of Novi Sad, Backa Palanka, Irig, Beocin and
Sremska Mitrovica), while Macedonians were most frequently infested
within the Skopje region (valley in the north surrounded by many
mountains and proximal to the Serbian border).

3.3. Characteristics of the ticks removed from patients and assessment of
tick attachment time

Most patients in both groups had one tick; some had two. Ixodes
ricinus was predominant in Serbia (95.91 %) and North Macedonia
(70.58 %). Nymphs slightly outnumbered adult females in Serbia (53.19
% vs. 44.68 %), while females dominated in North Macedonia (83.33
%). Additional tick species found in Serbia included Haemaphysalis spp.

Ticks in both cohorts mainly targeted the lower extremities (Fig. 3).
In Serbia, the inguinal/genital region showed susceptibility similar to
thorax/abdomen (Fig. 3a), while in Macedonia, infestation descended
from arms to thorax/abdomen (Fig. 3b). Average tick feeding time was
2.85 days (95 % CI: 2.11—3.59) in Macedonian and 1.94 days (95 % CI:
1.45—2.43) in Serbian patients.

3.4. Presence of TBPs in ticks removed from patients

3.4.1. IDC Skopje cohort

In the IDC Skopje cohort, 94.11 % (16/17) of ticks removed tested
positive for at least one of the pathogens examined (Table 1). All PCR-
positive samples harbored a single infection, with no detected evi-
dence of mixed infections. Positive PCR results for the presence of TBPs
were observed in I. ricinus (100 %, 12/12, 10 females and two nymphs),
R. sanguineus (100 %, 3/3, two males, one female), and H. inermis (50 %,
1/2, one female). DNA of Rickettsia spp. was prevalent in almost all ticks
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collected from Macedonian patients (15/17, 88.24 %), while Rickettsia
felis was found in one tick sample (5.88 %). Further DNA sequencing
analysis revealed Rickettsia monacensis infection in I ricinus (two fe-
males) (Accession numbers 0Q678867, OR288097) and R. sanguineus
(one male) (Accession number OR288098) tick species.

3.4.2. PI Novi Sad cohort

In the PI Novi Sad cohort, 87.76 % (43/49) of the ticks removed from
Serbian residents tested positive for at least one of the pathogens
examined (Table 1). Out of 43 PCR-positive samples, 46.94 % (23/49)
showed a single infection, while 20.41 % (10/49) were co-infected with
two pathogens. Positive PCR results for the presence of TBPs were found
in L ricinus (74.46 %, 35/47, 17 females and 18 nymphs) and Derma-
centor spp. (100 %, 1/1, one female). Overall, 10 different pathogens
with variable prevalence were identified using species-specific primers.

The most prevalent identified TBP was SFGR (44.89 %; 22/49), followed
by Anaplasma phagocytophilum (10.20 %; 5/49), and Borrelia afzelii
(6.12 %; 3/49). Further DNA sequencing analysis confirmed the pres-
ence of Rickettsia aeschlimannii (Accession numbers OR288100,
OR288101) and Rickettsia monacensis (Accession number OR288099) in
L ricinus ticks (1 nymph, 2 females).

3.5. Presence of subclinical bacteriaemia after tick removal

Subclinical bacteriaemia following tick removal was identified in a
total of five patients (8.06 %; 5/62). All patients were infested with
L ricinus (adult female). Among TBPs, Anaplasma spp. was the most
prevalent (60 %; 3/5), with A. phagocytophilum (20 %; 1/5) and Api-
complexa (20 %; 1/5) each detected in one patient. During follow-up,
only one patient showed disease signs, which did not align with
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anaplasmosis. The disease manifested 13 days post-tick removal, and
was diagnosed as localized SFGR infection (Table 2).

3.6. Clinical manifestations in tick-infested patients

In this study of 62 patients having undergone three clinical check-
ups, six from the Novi Sad cohort developed manifestive disease after
a minimum 72-hour incubation period (Table 2). None of the patients
developed signs and/or symptoms of TBD between 2nd and 3rd check-
ups (time interval between four weeks and four months after tick
removal). Common clinical findings included persistent circular redness
and itching sensation at lesion sites. No eschars, lymph node enlarge-
ment, or fever were recorded. Local Hypersensitivity Reaction (LPR)
after a tick bite was the most common diagnosis (66.66 %; 4/6), with
one case each of erythema migrans and local rickettsial infection. Pa-
tients with LPR were treated with loratadine (10 mg once daily) for
seven days, resolving itching sensation during treatment. Microfluidic
real-time PCR of ticks from these patients showed Rickettsia spp. or
A. phagocytophilum in three cases (75 %; 3/4) (Table 2). Blood samples
were PCR-negative for TBPs, suggesting a non-infectious etiology. Lyme
borreliosis and rickettsial infection cases were treated with doxycycline
(2 x 100 mg daily) for 10 days, resulting in complete recovery. PCR
analysis of ticks from Lyme borreliosis and rickettsial infection cases
revealed B. afzelii positivity. Serologic testing confirmed recent exposure
to these TBPs with anti-Borrelia IgG and anti-Rickettsia IgM serocon-
version, respectively.

3.7. Phylogenetic analysis and genetic distance of SFGR strains

The phylogenetic analysis confirmed R. aeschlimannii and
R. monacensis identity (Figs. 4, 5). The constructed tree, based on gitA
gene sequences, showed R. aeschlimannii forming a regional mono-
phyletic cluster with low genetic diversity compared to Asia and Africa.
Similarly, ompB gene analysis revealed comparable diversity (Figs. 4, 5).
Rickettsia monacensis ompB sequences clustered with Europe and Asia,
while gltA showed broader diversity (Figs. 4, 5). Genetic distances of gltA
sequences from our study differed significantly from others, but ompB
showed no such differences (Figs. 4, 5).

4. Discussion

This study represents the first comprehensive observational investi-
gation in two neighboring countries, combining clinical data from in-
dividuals exposed to tick bites with morphological tick analysis and
screening for TBPs in ticks and matched human blood samples.

The prevalence of ticks recovered in the Serbian cohort aligns with
findings from 2019 to 2021, reporting I ricinus as the most frequently
encountered human-infesting tick species [12,20]. While Hyalomma spp.
have been reported to infest animals [28] and humans [6,15], none of
the Macedonian patients in our study were infested with this tick spe-
cies. The identification of H. inermis infestation in Macedonian patients
is noteworthy, given that in Serbia, human infestation with H. inermis
has been reported only in the southeastern region [29]. Further research
is needed to elucidate the potential public health impact of H. inermis in
the Balkan Peninsula.

Interestingly, Serbian patients were exposed to a broader spectrum of
TBPs compared to Macedonians. Ticks removed from humans in Serbia
exhibited higher prevalence of Rickettsia spp. infection than in many
other European countries where SFGRs circulate [30-33], and this trend
seems to have been consistent over the years [10,12,20]. On the other
hand, the remarkable prevalence of Rickettsia spp. in the ticks removed
from Macedonians is not common in other European countries. These
findings are corroborated by a recent report on MSF-like illness caused
by Rickettsia sibirica mongolitimonae in a patient from Skopje [15]. In
contrast, tick-borne rickettsial diseases in Serbia have been mostly mild
or atypical [11], possibly due to lesser SFGR virulence in the Serbian
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environment. Skopje may not be the only area in North Macedonia
where TBP exposure occurs, as evidenced by detection of autochthonous
CCHFYV strains having caused outbreaks in other municipalities (i.e.,
Municipality of Karbinci) [6,34]. The reason for the discrepancy be-
tween Serbia and North Macedonia is not entirely clear, but it may be
that the SFGR members found in ticks and patients from Serbia are less
virulent than those in the Mediterranean and sub- Mediterranean
climate of North Macedonia [9]. These environmental factors could
contribute to the virulence and prevalence of Borrelia spp. and other
TBPs in the ticks removed from Serbian and Macedonian cohorts.

While the Borrelia burgdorferi sensu lato (s.1.) complex was not found
in ticks from the North Macedonia cohort, it was detected in ticks from
the Serbian cohort. Subclinical bacteremia after tick removal was caused
mainly by Anaplasma spp., a finding consistent with previous Serbian
studies [12]. Analysis of blood from asymptomatic patients subsequent
to tick removal offers valuable insights into tick competency in trans-
mission of TBPs to non-reservoir hosts in real-world scenarios. Impor-
tantly, detection of TBPs in patient blood does not necessarily mean that
the individual will develop a related disease, as most patients experience
post-tick bite transient bacteremia without subsequent evidence of TBD
[12]. These observations support the prevailing view that humans are
generally resistant to infections from most TBPs, probably due to innate
immune mechanisms such as phagocytosis and resistance acquired
through anti-alpha-gal antibodies [12,35]. In this study, involving 62
participants, only six exhibited diseases manifestly linked to tick bites.
Specifically, patient 306/22 developed a disease consistent with SFGR
infection, corroborated by pathogen presence in the corresponding tick
and a five-day infestation period. Other ticks may have caused Ana-
plasma spp. bacteremia before detection. A previous study found Borrelia
spp. seroprevalence in Novi Sad seven times higher than in Skopje [9].
Of note, Borrelia spp. infection has not been reported in North
Macedonia.

This study confirms the presence of Borrelia spp., Neoehrlichia spp.,
and Anaplasma spp., along with the circulation of SFGR members like
R. aeschlimannii and R. monacensis in Serbia [10,20]. Phylogenetic
analysis shows similarities between our sequences and those from other
European regions, especially in the gltA gene, indicating higher genetic
diversity, a pattern consistent with the findings of a previous study from
Serbia [11].

Six cases of TBDs were identified, with confirmed infectious ethology
in two instances: one Lyme borreliosis and one local SFGR infection.
Four cases were classified as LPR. Hypersensitivity reactions, considered
a defense against TBPs [35,36], have been noted in Serbia [11,20].
‘Acquired tick resistance’ refers to reactions where the immune response
is activated after tick antigen recognition [36], while ‘allergic klendusity’
is a disease-escaping ability produced by the development of hyper-
sensitivity to an allergen [35], both of which involve IgE and basophils
[34,35]. As a resuly, TBPs can be neutralized at the tick attachment site,
preventing the production of TBP-specific IgM and IgG antibodies.
Although some findings suggest that “Acquired tick resistance” and/or
‘allergic klendusity’ take place against tick vectors and TBPs, further
research on the mechanism underlying these phenomena is needed.

5. Conclusions

The study reveals regional variations in tick-borne disease epidemi-
ology. Ixodes ricinus is the primary tick species, with considerable dif-
ferences between the two cohorts. The Macedonian cohort showed
higher Rickettsia spp. prevalence, challenging previous European infec-
tion rates for these pathogens. Interestingly, North Macedonian ticks
lack the Borrelia burgdorferi sensu lato (s.l.) complex members present in
Serbian ticks. Clinical manifestations, including subclinical bacteremia,
occurred in a small percentage of patients, with Local Hypersensitivity
Reaction as the most common diagnosis. This study underscores a need
for further investigations conducive to comprehension of TBD
complexity in the Balkans.
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