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ABSTRACT

Lyme borreliosis (LB) is an infectious disease caused by spirochetes of the Borrelia burgdorferi sensu lato complex.
Transmission occurs through the bites of hard ticks within the genus Ixodes. Cases of fever of unknown origin are recorded
in southern Kazakhstan, however, the prevalence of LB in this area remains unstudied. Almaty oblast is recognized as an
endemic area for LB. Ixodid tick vectors also inhabit Jambyl oblast, where antibodies to LB agent were previously detected
among residents, while it is classified as non-endemic. Turkistan oblast is also considered non-endemic for LB. The purpose
of this study was to investigate the seroprevalence of IgG antibodies to B. burgdorferi s.l. among apparently healthy residents
of Almaty city (Almaty oblast), Taraz city (Jambyl oblast), and Shymkent city (Turkistan oblast). A total of 465 human serum
samples were collected from March 2022 to September 2023. Using the ELISA method, we detected the presence of IgG
antibodies to the LB agent in 5.4% of the entire study group (24/465, 95% CI: 3.3-7.6%), and specifically in 9.3% of residents
of Almaty city (11/118, 95% CI: 4.7-16.1%, p=0.03), 4.5% — Taraz city (11/242, 95% CI: 2.3-8.0%) and 1.9% — Shymkent
city (2/105, 95% CI: 0.2-6.7%). The results of the study confirm the seroprevalence of IgG antibodies to B. burgdorferi s.l.
among the population of Almaty city and Jambyl oblast, and also reveal seropositive samples in residents of Turkistan oblast,
suggesting possible infection during travel to endemic regions. It is important to continue LB surveillance in endemic and
emerging regions, as well as to raise awareness of the infection among healthcare workers and the general public in non-

endemic areas.
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INTRODUCTION

Lyme borreliosis (LB) is a prevalent multicomplex infec-
tious disease usually reported in North America and Europe,
but also observed in regions of Asia [1, 2]. The manifestations
of Lyme borreliosis exhibit variability; nevertheless, approx-
imately 70-80% of individuals develop a skin rash called er-
ythema migrans (usually appears within 3 to 30 days after in-
fection) that may, albeit not universally, take the form of a
characteristic round red rash with a partial central clearing,
reminiscent of a «bull’s-eye» or a “target” [3, 4]. People with
LB may also experience some equivocal symptoms like fever,
chills, fatigue, muscle and joint aches, and headache. In the
absence of timely intervention, untreated LB may progress to
more severe manifestations, including joint pain and swelling,
particularly in large joints such as the knees (Lyme arthritis)
[5]. In some cases, the infection can affect the nervous system
(Lyme neuroborreliosis), leading to symptoms such as facial
paralysis, tingling or numbness in the limbs, and cognitive im-
pairments affecting memory or concentration [6]. Although
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less common, LB can exert an impact on the cardiovascular
system, precipitating irregular heart rhythms and chest pain
(Lyme carditis) [7]. Additionally, LB has the potential to in-
duce ocular inflammation, distinguished by redness and vi-
sual disturbances. The disease progression typically unfolds
in three stages, commencing with an early localized infection
of the skin, often evidenced by the aforementioned erythema
migrans, and culminating in late-stage infection, character-
ized by acrodermatitis chronica atrophicans, a dermatologi-
cal condition marked by a skin rash that progresses to wide-
spread skin atrophy [8].

The etiological agents of LB are spirochetes belonging to
the Borrelia burgdorferi sensu lato complex that comprises
over 20 distinct genospecies, with the majority demonstrating
pathogenicity in humans. [9]. Literary sources mainly mention
four prevailing genospecies responsible for causing LB in hu-
mans: B. burgdorferi sensu stricto, B. afzelii, B. garinii, and
B. bavariensis [10, 11]. However, occasional cases of causing
LB by other genospecies are described [12, 13]. B. burgdor-
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feri s.l. is transmitted to both humans and animals through the
bite of hard ixodid ticks belonging to the genus Ixodes [2]. In
Eurasia, I. persulcatus and I. ricinus are two prevalent species,
with 1. persulcatus being particularly common in Kazakhstan
[2, 14]. Existing literature highlights the significance of the
duration of tick attachment in facilitating effective transmis-
sion of the pathogen to humans [15]. Small rodents, serving
as reservoir hosts for Borreliae, actively contribute to the nat-
ural circulation of spirochetes [1].

Formerly, it was believed that identifying the presence of
erythema migrans was sufficient to diagnose LB, however,
due to the infrequent and multiform manifestation of this
symptom and its potential inaccurate association with other
diseases, a laboratory test, such as the enzyme-linked immu-
nosorbent assay (ELISA) method, is deemed necessary in all
cases [4]. In addition, insights into a patient’s epidemiolog-
ical anamnesis and exposure to ticks can aid in the diagno-
sis of LB, but approximately 50% of patients with LB are un-
aware of whether they have experienced a tick bite [16, 17].

Lyme borreliosis achieved official recognition in Kazakh-
stan in 2013 [17, 18]. Almaty and East-Kazakhstan oblasts
are considered endemic for LB [16, 18]. In Almaty oblast, the
period from March to October marks the seasonal activity of
ticks, reaching its peak in May for 1. persulcatus [19]. Nat-
ural foci of Lyme borreliosis (LB) are primarily localized in
forest and mountainous landscapes within the temperate cli-
mate zone, aligning with the habitat of ixodid ticks [20]. In
addition to that, most of the territory of the southern region
of Kazakhstan is characterized by relatively mild winter con-
ditions and large amounts of rainfall. The number of reported
tick bites increases annually, accompanied by frequent reports
of fevers of unknown origin in the southern region of Kazakh-
stan [21]. Surveillance data for LB in Almaty oblast remains
insufficient. Although Jambyl oblast is not officially recog-
nized as endemic for LB, ticks of the Ixodes spp. inhabit the
region, and seropositive samples have been previously de-
tected among residents [22]. Notably, in 2022, a case of Lyme
neuroborreliosis and tick-borne encephalitis co-infection was
identified in a patient from Jambyl oblast [23]. Despite Turki-
stan oblast being considered non-endemic for LB, individuals

may travel to endemic areas where they risk tick bites. Upon
returning, these people may fall ill, and due to a lack of aware-
ness among doctors in non-endemic areas regarding the pos-
sibility of LB infection, patients are often misdiagnosed and
do not receive appropriate medical care [24, 25].

Insufficient awareness of LB among medical professionals
and the general public in non-endemic areas, coupled with the
variability in its clinical presentation and the latent persistence
of the pathogen in the body, can result in delayed and/or inac-
curate diagnoses, untimely treatment, and consequently, the
development of chronic conditions and disabilities. It is cru-
cial to note that LB is just one among several tick-borne dis-
eases prevalent in Kazakhstan, and comprehending its status
contributes to broader research on the prevalence of multiple
tick-borne illnesses [26].

Considering the importance of LB surveillance, we con-
ducted a serological study to assess the prevalence of IgG
antibodies to B. burgdorferi s.l. among apparently healthy
residents of the cities of the southern region of Kazakhstan,
namely Almaty city (Almaty oblast), Taraz city (Jambyl
oblast), and Shymkent city (Turkistan oblast).

MATERIALS AND METHODS

Ethics statement

This study was approved by the local ethics committee of
the National Center for Biotechnology, Astana, Kazakhstan.

Sample collection

For serological examination for IgG antibodies to B. burg-
dorferi s.1., serum samples were collected from clinically
healthy residents of the cities of Almaty (Almaty oblast),
Taraz (Jambyl oblast), and Shymkent (Turkistan oblast) (Fig-
ure 1), from March 2022 to September 2023. Serum samples
were stored at — 20 °C. Before examination, serum samples
were thawed and inactivated at 56 °C for 20 min. Overall, 465
samples were collected.

ELISA
IgG antibodies against B. burgdorferi s.1. were detected

using the “LymeBest — [gG” (Vector Best, Russia) ELISA kit
that utilizes the VISE recombinant antigen. The analysis was

@ - sample collection points

Figure 1. Sample collection area
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performed according to the manufacturer’s instructions. In-
dicators of optical density (OD) values of test sera above OD
values of the Cutoff Calibrator were considered positive, val-
ues below were considered negative, and those equal to OD
values of the Cutoff Calibrator = 10 % were considered ques-
tionable.

Statistics

The exact Clopper-Pearson method, which is quite con-
ventional and tends to produce wider intervals than necessary,
was used based on the beta distribution to calculate the 95%
confidence interval (CI). The odds ratio (OR) calculation was
used to estimate the p-value and an association between sero-
positivity and donors’ age and sex. Differences were consid-
ered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

IgG antibodies to B. burgdorferi s.1. were detected in 5.4%
(24/465, 95% CI: 3.3-7.6%) of the samples (Table 1). The
percentage of anti-B.burgdorferi s.1. IgG seropositive sam-
ples exhibited regional variations, with a higher prevalence
among residents of Almaty city (11/118, 9.3%, 95% CI: 4.7-
16.1%, p=0.03) in comparison to residents of Shymkent city
(2/105, 1.9%, 95% CI: 0.2-6.7%). Meanwhile, the percentage
of anti-B. burgdorferi s.1. IgG seropositive samples among
residents of Taraz city was 4.5% (11/242, 95% CI: 2.3-8.0%)
(Table 1).

In a prior study [19], the seroprevalence of 5.6% was iden-
tified in Almaty city. The higher seropositivity rate detected in

the present research may indicate an increased exposure of the
city residents to B. burgdorferi s.l1 over time. Consequently,
the obtained results confirm the endemicity of LB in Almaty
city [19, 27]. Furthermore, residents of Jambyl and Turki-
stan oblasts are also exposed to B. burgdorferi s.l. Given the
presence of the LB vector in Jambyl oblast, where seroprev-
alence was previously documented [22], this region should
be regarded as an emerging area for LB. The detection of
IgG antibodies to B. burgdorferi s.1. among the population of
Shymkent city (Turkistan oblast) can sustain our assumption
regarding the movement of individuals between endemic and
non-endemic areas for LB. Similar cases are often described
in the literature [24, 25, 28]. Unfortunately, our study was lim-
ited by the absence of data on tick bite history, epidemiolog-
ical anamnesis, and the medical and travel history of donors.

The average age of individuals with IgG seropositivity
was 33.9 + 12.2, compared to 34.5 + 17.5 for seronegative
donors. Our analysis revealed no significant difference in se-
roprevalence across different age groups (Table 2). Neverthe-
less, there were no seropositive results observed in individuals
aged 65 years and older. Although not statistically significant,
a relatively higher seroprevalence was noted in the age groups
15-24 (10.5%) and 3544 years (9.1%). The reasons for these
findings may be attributed to the mobility of young and mid-
dle-aged individuals between areas considered endemic and
non-endemic for LB [28]. Additionally, the likelihood of fre-
quent mountain hiking, a popular activity, especially among
residents and visitors of Almaty oblast where ixodid ticks are
prevalent, could contribute to the observed pattern [20]. Al-

Table 1. Seroprevalence of IgG antibodies against B. burgdorferi s.1. in apparently healthy residents of the cities of Almaty
(Almaty oblast), Taraz (Jambyl oblast), and Shymkent (Turkistan oblast).

City No. of examined Positive (%) Negative (%) Odds ratio (95% CI; p-val-
samples ue)
Almaty 118 11 (9.3) 107 (90.7) 5.3 (1.1-24.5; 0.03)
Shymkent 105 2(1.9) 103 (98.1) 1
Taraz 242 11 (4.5) 231(95.5) 2.5(0.5-11.3; 0.25)
Total: 465 24 (5.4) 441 (94.6)
Table 2. Distribution of anti-Borrelia burgdorferi s.l. seroprevalence by sex and age of donors.
Total (%) Positive (%) Negative (%) Odds ratio (95% CI; p-val-
ue)
Sex:
Female 208 (44.7) 14 (6.7) 194 (93.3) 1.5(0.6-3.4; 0.4)
Male 213 (45.8) 10 (4.7) 203 (95.3) 1
No data 44 (9.5) - 44 (100) -
Age group:
<14 47 (10.1) 1(2.1) 46 (97.9) 1
15-24 57 (12.3) 6 (10.5) 51(89.5) 5.4 (0.6-46.7; 0.1)
25-34 104 (22.4) 6 (5.8) 98 (94.2) 2.8 (0.3-24.1; 0.3)
35-44 66 (14.2) 6(9.1) 60 (90.9) 4.6 (0.5-39.6; 0.2)
45-54 76 (16.3) 3(4.0) 73 (96.0) 1.9 (0.2-18.7; 0.6)
55-64 37 (8.0) 1(2.7) 36 (97.3) 1.3 (0.1-21.1; 0.9)
>65 12 (2.6) - 12 (100) -
No data 66 (14.2) 1(1.5) 65 (98.5) -
46
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though there was also no statistically significant difference in
seroprevalence among age groups specifically for Almaty city
(data not shown), it is noteworthy that a previous study [19]
reported a higher level of antibodies to B. burgdorferi s.1. in
the older age group of 55-64 years (17.1%), with no seropos-
itive results found among children under 14 years. The sero-
logical survey conducted in the Netherlands [29] reported a
seroprevalence of 4.4% (n = 5592) and demonstrated an in-
crease in seroprevalence with age, ranging from 2.6% in the
age group 0—19 years to 7.7% in the age group 60-88 years.
Similarly, a study in Kalmar County, Sweden [30], with a se-
roprevalence of 23% (n = 273), indicated a significant differ-
ence (p < 0.01) in seropositive rates between the age group
60-70 years (47%) and all other age groups (18-59 years; 10-
23%). The studies in Germany likewise stated a growth in
seroprevalence with age [31, 32]. The age-dependent distri-
bution of seroprevalence, possibly indicative of cumulative
population exposure to B. burgdorferi s.1., underscores the
dynamic nature of exposure patterns. These variations in se-
roprevalence across age groups emphasize the significance of
considering demographic factors in comprehending the dy-
namics of LB within specific populations. Nevertheless, the
results of our research can be explained by the scarce sam-
ple of donors.

The seroprevalence did not exhibit a significant associa-
tion with sex. Generally, the odds of exposure to B. burgdor-
feri s.1. were similar for males and females (Table 2). How-
ever, other studies demonstrated higher exposure to the LB
agent in men as compared to women [29-32]. Our research
faced limitations due to the absence of sex and age data for a
subset of the study population.

CONCLUSION

The results of this serological study confirm the seroprev-
alence of IgG antibodies to B. burgdorferi s.1. among the pop-
ulation of Almaty city and Jambyl oblast, as well as reveal
the presence of IgG antibodies to B. burgdorferi s.l. in resi-
dents of Shymkent (Turkistan oblast). Thus, our research pro-
vides new data on the LB incidence among residents of the
southern region of Kazakhstan, underscoring the imperative
to sustain LB surveillance efforts and investigate the preva-
lence of B. burgdorferi s.1. among ticks in both endemic and
emerging regions. The findings also emphasize the necessity
for disease monitoring initiatives among residents of Turki-
stan oblast, who may contract the infection during travel in
LB-endemic areas. It is important to inform medical prac-
titioners and citizens of non-endemic regions regarding the
potential for LB infection. Therefore, the implementation of
public health measures, including LB awareness campaigns
for residents of both endemic and non-endemic areas, the for-
mulation of effective tick control strategies, and the emphasis
on early diagnosis and treatment play crucial roles in mitigat-
ing the impact of LB.
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AHHOTALNNUA

Jlaiim-60ppenuos (JIB) — uH(pekmonHoe 3a00IeBaHue, BEI3BIBAEMOE TPYIIION cupoXxeT Borrelia burgdorferi sensu lato.
3apakeHHe MPOUCXOAUT Yepe3 YKYChI TBepbIX Kiemieil poaa Ixodes. Ha Tepputopuu rokHOTO Kazaxcrana perucTpupyooTes
Clly4yau JIMXOPAKK HEM3BECTHOM ATUOJIOTHH, OJHAKO PacpoCTpanéHHOCTh JIB B 3TOM pernoHe oCTaeTcs Hen3yueHHOM. AJl-
MaTHHCKas 00J1acTh NMpH3HaHa 3HaeMuuHO# 110 JIb. MKCOoMoBbIe Kieni-NepeHOCYHK 00uTaroT 1 B XKaMObLICKOI 06acTy,
7€ paHee y sKuTeNeil ObUTH BBISIBJICHBI aHTUTENA K BO30yauTento JIB, ofHako OHa CUMTAETCS HEIHIeMUIHOU. TypKecTaHCKas
00JaCTh TaKKe OTHOCHTCS K HEOHAESMHUYHOMY PErHoHy. LIenbio JaHHOTO McCclieNoBaHHe ObLTO W3YYeHHE CePONPEBATICHTHO-
ctu IgG antuten k B. burgdorferi s.1. cpenn ycnoBHO 310pOBBIX XkuTenei I. Anmarsl, T. Tapas u r. IlIsimkenT. Beero 65110 co-
OpaHo 465 00pa3I0B CHIBOPOTKH KpOBH Jitonieii ¢ mapta 2022 1. 1o ceHTsopb 2023 1. Metogom MDA ObUIO BBISBICHO HAU-
yne [gG anTuren k B. burgdorferi s.l. y 5,4% Bceit uccnenyemoit rpymmst (24/465, 95% CI: 3,3-7,6%), a koukpeTHO ¥ 9,3%
xkurene . Anmare (11/118, 95% CI: 4,7-16,1%, p=0.03), 4.5% — . Tapa3 (11/242, 95% CI: 2,3-8,0%) u 1,9% — . llIbiIMKeHT
(2/105, 95% CI: 0,2-6,7%). Pe3yabrars! Hcciea0BaHUs MOATBEPIKAAIOT CEpONpeBaIeHTHOCTh IgG antuten k B. burgdorferi s.l.
cpenu HaceneHus T. AnMarsl 1 JKaMOBUICKOH 00IaCTH, a TAK)Ke BIIEPBBIE BBIABIISIOT CEPOMOIOKUTEIbHbBIE 00Pa3Ibl y KUTE-
neii TypKeCTaHCKOM 001aCTH, YTO MO3BOJISIET MPEATOIOKHTH BOBMOKHOE 3apaXKEHHE BO BPEMsI TOE3/I0K B SHIEMHUYHBIE PETH-
OHbL. BaxkHO TpOI0/IKaTh SMUAHAA30D 3a JIB B 9HAEMHUYHBIX U MPEANONAraeMbIX SHIEMUYHBIX PETHOHAX, & TAK)KE MOBBIIIATH
OCBEIOMIIEHHOCTh 00 HH(DEKIMH CPEaU METUIIMHCKUX PAOOTHUKOB U IIIMPOKOM 0OIIIECTBEHHOCTH B HEIHICMUYHBIX PETHOHAX.

KiroueBnle cioBa: Jlaiim-60ppennos, Borrelia burgdorferi sensu lato, roxuslii Kasaxcran, ceponpeBaieHTHOCTb, TDA.
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TYHIH

Jlaiima 6oppenuossl (JIB) — Borrelia burgdorferi sensu lato cimpoxeragapblHbIH TOOBIHAH TybIHAAFaH KYKIAJIBI aypy.
Wudexuust Ixodes TexTec KaTThl KEHEJEPIiH MAarybl apKbuibl Oonaabl. OHTycTik Kazakcranaa stnonorusicel Oenriciz Kbi30a
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KaFainapsl TipkenreH, 6ipak Oy aitmakra JIb Tapaiyst aii 3eprrenmereH. Anmarsl 00bich! JIB yiiiH sHAEMUKAIBIK OObII
TaHbUIFaH. Mkcoana keHe BekTopuaps! JKaMObL1 00MBICEIHA A2 OMip Cype/i, MyH/a TYpFeIHAap apackiHaa JIb Ko3abIprbIbHA
aHTHIeHeep OYpBIH aHBIKTANIFaH, OipaK oJ1 SHAEMUSIIBIK eMec O0JIbIN caHanaabl. TypkicTaH oOJIBICH a SHIEMHUSIIBIK eMeC
aiiMakka xarajpl. by seprreynin Makcarsl IgG antunenenepiuin B. burgdorferi s.l. Anmarsl K., Kam0Obu1 00nbIcHIHBIH Tapa3
K. )koHe TypkicTaH 00ibIchIHBIH LIIBIMKEHT K. canbICThIpMalIbl TYP/IE JIHI cay TYPFBIHIAphl apackiHaa. Exi MbIH )XubIpMa exi
KBULIBIH HaypbI3biHaH 2023 5KbIIIBIH KBIPKYHeETiHe Aeitin Oapibirsl 465 anaM capbicybl ceiHaManapsl sxkuHaiasl. ELISA anici
B. burgdorferi s.1.-re 1gG anTuncHenepiHiH OOMYbIH aHBIKTaIbL. OApIIBIK 3epTTEy TOOBIHBIH 5,4% (24/465, 95% CI: 3,3-7,6%),
aJT HAKTBIPAK alTCcaK, AJIMaThl KAIACBKIHBIH TYPFBIHIapbIHBIH 9,3% (11/118, 95% CI: 4,7-16,1%, p=0,03), 4,5% — Tapa3z (11/242,
95% CI: 2,3-8,0%) xone 1,9% — Ismmkent (2/105, 95 % CI: 0,2-6,7%). 3epTTey HoTHX)ENEpi AIMaThI KaJlachiHIa xkoHe YKam-
6611 00MBICHIHA JIB KO3MBIPFBIIBIHBIH TAPAITYBIH PacTai b1, COHbIMEH Karap TypKicTaH OONBICBIHBIH TYPFhIHAAPbIHAH aJIFalll
PEeT SHAEMUSIIBIK aliMaKkTapra OapraH Ke3Jle KYKThIPY MYMKIHAITH KOPCETETIH CEPOIO3UTUBTI ChIHaMAalapAbl aHBIKTaHIbl.
OHAEMUSUTBIK KOHE KYJIKTI QHAEMUSUIBIK aiiMakTapsa JIb MOHUTOPHHTIH KaJFacThIpy KoOHE IHJEMUSUIBIK eMec aiiMakrap-
JIaFbl MEIMIIMHA KbI3METKEpIIepl MEH JKaJIIbl KYPTIIBLIBIK apachiHia HHEKIUs Typasbl XabapAapibIKThl apTThIPY MaHbBI3/IbL.

Herisri ce3nep: JlaiiM-Ooppennos, Borrelia burgdorferi sensu lato, onrycrik KazakcraH, ceponpeBaneHTTiIK, HMMYHO-
(bepMeHTTIK Taaay.
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