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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
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articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: The COVID-19 pandemic has underscored
the challenge of SARS-CoV-2 reinfection, particularly with
the emergence of new variants. This study aimed to identify
epidemiological and clinical factors associated with COVID-19
reinfection in patients treated in the Cusco Region of Peru
during 2022, a high-altitude area with unique demographic and
geographic characteristics.

Methods: A retrospective, observational, case-control study
was conducted, analyzing 216 patients (108 reinfection cases
and 108 primary infection controls). Data were collected from
clinical records and analyzed using statistical methods, including
chi-square tests and multivariate regression. The study focused
on demographic, epidemiological, and clinical factors, with
statistical significance set at p < 0.05.

Results: Males had a 1.51 times higher risk of reinfection
compared to females (p < 0.05). Patients from regions outside
Cusco had a 16.03 times higher risk of reinfection than local
residents (p < 0.05). No significant associations were found
between reinfection and clinical factors such as symptoms
or comorbidities. The overall reinfection rate was 0.97%,
consistent with global trends.

Conclusion: The findings suggest that high altitude may
confer protective effects against reinfection, potentially due to
physiological adaptations to hypoxia. Males and individuals
with interregional mobility were identified as high-risk groups.
These results highlight the need for tailored public health
strategies in high-altitude regions, focusing on surveillance
and prevention for vulnerable populations. Further research is
recommended to explore the biological mechanisms underlying
these findings and to assess the impact of emerging viral variants
on reinfection dynamics.

Key words. COVID-19, reinfection, altitude, risk factors,
public health.

Introduction.

Coronaviruses (CoV) encompass a large family of viruses that
cause diseases ranging from the common cold to more severe
and complex illnesses. The Coronavirus Disease (COVID-19)
pandemic has had a profound impact on public health, economies,
and societies worldwide since its emergence in December 2019
[1,2]. While initial efforts focused on mitigating the spread of
the virus and reducing the morbidity and mortality associated
with primary infections, Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) reinfection has emerged as a
significant challenge [3]. Reinfection is defined as the confirmed
detection of the virus in a previously infected individual after a
period during which PCR tests were negative, suggesting a new
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exposure to the pathogen rather than prolonged viral persistence
[4].

As SARS-CoV-2 has evolved, multiple variants with varying
degrees of transmissibility and immune evasion have emerged.
Variants such as Delta, Omicron, and their subvariants have
demonstrated an increased ability to evade immunity generated
by prior infections or vaccination, leading to a rise in reinfection
cases [5]. Several studies have reported that reinfections can
occur between one and three months after the initial infection,
with some documented cases occurring even beyond 90 days.
The clinical severity of these reinfections varies, ranging from
asymptomatic cases to severe illness requiring hospitalization,
highlighting the importance of understanding the factors
predisposing individuals to reinfection [4].

Epidemiological and clinical factors such as age, the presence
of comorbidities, individual immune responses, exposure to
new variants, and vaccination coverage have been identified
as determinants of susceptibility to reinfection. Additionally,
recent studies have suggested that reinfection may be associated
with an increased risk of long-term complications, including
post-COVID-19 syndrome and higher mortality rates [6-8].
However, there are gaps in the scientific literature regarding how
these factors interact in specific populations and in geographic
regions with unique characteristics.

The Cusco region in Peru has particular geographic and
sociodemographic conditions that could influence the dynamics
of SARS-CoV-2 transmission and reinfection. Located at over
3,500 meters above sea level, it has been hypothesized that
the relative hypoxia at high altitude may alter the immune
response of the resident population, affecting susceptibility and
the clinical course of the disease [9]. Additionally, Cusco is an
international tourist destination, which implies a constant flow
of visitors and the potential introduction of new viral variants.
These characteristics make it imperative to conduct a detailed
analysis of the factors associated with reinfection in this
population.

In this context, the present study aims to determine the
epidemiological and clinical factors associated with COVID-19
reinfection in patients treated in the Cusco Region. Identifying
these factors will generate relevant scientific evidence for
designing disease prevention and control strategies in regions
with similar conditions, thereby optimizing public health
policies and the healthcare response to future waves of infection.

Methods.

Study design:

This is an observational, retrospective, cross-sectional, case-
control epidemiological study. The study design was based on a
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comparison of two groups: patients with COVID-19 reinfection
and patients with primary COVID-19 infection. Epidemiological
and clinical factors associated with reinfection were analyzed
using statistical tests to determine potential associations.

Population and Sample:

The study population consisted of all cases of COVID-19
reinfection treated and recorded by the Cusco Regional Health
Directorate during 2022. The sample size was calculated using
the EPIDAT 4.2 software from the Pan American Health
Organization (PAHO). Parameters included an exposed case
proportion of 50%, an exposed control proportion of 33.3%, an
expected odds ratio of 2.0, a confidence level of 95%, and a
power of 80%. This yielded a sample size of 108 reinfection
cases and 108 primary infection controls, maintaining a 1:1
ratio.

Inclusion and exclusion criteria:

Cases included patients over 18 years of age with a confirmed
diagnosis of COVID-19 reinfection (according to MINSA/
WHO criteria), recorded by the Regional Health Directorate of
Cusco in 2022. Eligibility required complete clinical records
and a minimum interval of 90 days between infections. Controls
were patients with a confirmed primary COVID-19 infection,
with no prior history of the disease, matched by age (5 years),
sex, and comorbidities. Exclusion criteria included incomplete
records, diagnoses not confirmed by PCR or antigen testing,
acute respiratory co-infections, severe immunosuppression
(e.g., uncontrolled HIV, chemotherapy), and duplicate data.
Sampling:

Non-probabilistic sampling was used, with participants
selected based on predefined inclusion and exclusion criteria.

Case and control assignments were made using clinical records
available at the Cusco Regional Health Directorate.

Data Collection:

Data were collected using a document analysis technique.
The instrument used was a registration form designed to extract
relevant information from the electronic medical records of
patients treated in 2022.

Statistical Analysis:

Statistical analysis was performed using SPSS (Statistical
Package for the Social Sciences) version 25. The chi-square
test was applied to evaluate associations between variables, and
multivariate regression analysis was conducted to determine
risk factors, with a statistical significance level of p < 0.05.

Ethical Considerations:

The study was approved by the Ethics Committee of the
Universidad Andina del Cusco, through report N°004-2023-
CIEI-UAC, signed on December 1, 2023. The study was
conducted in accordance with the ethical principles of health
research. Approval was obtained from an institutional ethics
committee, and the confidentiality of personal data was ensured
through anonymization. Since anonymized secondary data—
previously collected with signed informed consent during
patient care—were used, no additional participant consent was
required.
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Results.

The reinfection rate was calculated by dividing confirmed
reinfection cases (n=108) by the total number of COVID-19
patients registered in DIRESA Cusco-2022 (n=11,134),
following MINSA guidelines (new episode >90 days after the
first, with positive test and symptoms) resulting 0.97. Cases
without intermediate confirmation or incomplete records were
excluded to ensure accuracy.

A total of 216 patients were included in the study, evenly
distributed into two groups: 108 primary infection cases and
108 COVID-19 reinfection cases. Regarding demographic
characteristics, the majority of primary infection cases occurred
in the 27-59 age group, representing 68.5% (n = 74/108).
Similarly, in the reinfection group, 76.9% (n = 83/108) belonged
to the same age group. In terms of sex, primary infection
cases were predominantly female (64.8%, n = 70/108), while
reinfection cases were more frequent in males (54.6%, n =
59/108) (Table 1).

Table 1. Distribution of non-reinfection and COVID-19 reinfection
cases according to age, sex and origin; Cusco-Peru Region.
Non-reinfection Reinfection

N° % N° %
0 to 5 years old 0 0.0% 0 0.0%
6to 1l yearsold 2 1.9% 0 0.0%
Age 12to 18 years old 2 1.9% 2 1.9%
19to 26 yearsold 11 10.2% 18 16.7%
27 to 59 years old 74 68.5% 83 176.9%
Over 60 years old 19 17.6% 5  4.6%
Gender Female 70 64.8% 49 45.4%
Male 38 352% 59 54.6%
Department Cusco 103 95.4% 104 96.3%
Other Department |5 4.6% 4 37%
Total 108  100.0% 108 100.0%

In the analysis of epidemiological factors associated with
COVID-19 reinfection in patients treated in the Cusco Region,
two factors showed statistically significant associations (p <
0.05): patient sex and geographic origin. The results indicate
that males have a 1.51 times higher risk of COVID-19
reinfection compared to females. Additionally, patient origin
was a determining factor, as those from other regions had a
16.03 times higher risk of reinfection compared to residents of
the Cusco Region (Table 2).

On the other hand, other factors analyzed, such as occupation,
age over 65 years, vaccination status, number of doses received,
and type of vaccine administered, did not show a statistically
significant association with COVID-19 reinfection.

Regarding clinical factors, various symptoms and pre-existing
conditions were evaluated, including cough, sore throat, nasal
congestion, difficulty breathing, fever, chills, malaise, diarrhea,
nausea, headache, anosmia, ear pain, irritability, muscle pain,
abdominal pain, chest pain, joint pain, pharyngeal exudate,
conjunctival injection, dyspnea, cardiovascular diseases,
obesity, and pregnancy. However, none of these factors showed
a statistically significant association with COVID-19 reinfection
(p>0.05). Although these symptoms are often related to primary



Table 2. Epidemiological risk factors associated with COVID-19 reinfection in patients treated in the Cusco-Peru Region.

Reference B Standard Wald p OR 95% CI .
error Inferior Superior
Age 1.502 0.826
6to 11 yearsold -21.925 26022.411  0.000 0.999 0.000 0.000
Over60yearsold 1> 18 vearsold  -0.107 1.595 0.005 0.946 0.898 0.039 20.462
19 to 26 years old | 1.045 1.194 0.767 0.381 2.845 0.274 29.531
27 to 59 years old 0.849 1.033 0.677 0411 2.338 0.309 17.689
Male I(\Zl;:er
-1.893 0.583 10.538 0.001 0.151 0.048 0.472
Female
Other department | Origin
Another region 2.775 1.107 6.287 0.012 16.033 1.833 140.266
Occupation 4.265 0.641
Student 1.427 1.700 0.705 0.401 4.167 0.149 116.601
Housewife 0.159 0.836 0.036 0.849 1.172 0.228 6.041
Health worker -0.557 0.783 0.507 0.477 0.573 0.123 2.657
f’vﬁzrfl;ee’fployed -0.598 0.704 0.721 0396 0.550 0.138 2.187
Dependent worker |0.643 0.770 0.698 0.404 1.902 0.421 8.595
Over 65 years old  Over 65 years old
No 2.035 1.563 1.696 0.193 7.654 0.358 163.759
Vaccinated Vaccine
No -0.279 1.535 0.033 0.856 0.756 0.037 15.319
Type of vaccine 3.018 0.389
. Not received ornot |} , 75 0.742 2.950 0.086 0.279 0.065 1.197
Sinopharm recorded
AstraZeneca -0.239 1.044 0.053 0.819 0.787 0.102 6.091
Pfizer/BioNTech  -0.306 0.850 0.129 0.719 0.737 0.139 3.897
Table 3. Clinical factors associated with COVID-19 reinfection in patients treated in the Cusco-Peru Region.
Reference = Yes B Standard Wald P. OR 5% C = .
error Inferior Superior
Cough 0.416 0416 0.998 0.318 1.516 0.670 3.429
Sore throat -0.459 0.410 1.256 0.263 0.632 0.283 1411
Nasal congestion 0.300 0.341 0.774 0.379 1.350 0.692 2.636
Difficulty breathing 1.091 0.677 2.594 0.107 2.976 0.789 11.221
Fever 0.474 0.367 1.668 0.196 1.607 0.782 3.300
Chills -0.123 0.440 0.079 0.779 0.884 0.373 2.095
General malaise -0.419 0.353 1.405 0.236 0.658 0.329 1.315
Diarrhea 0.156 0.682 0.052 0.819 1.169 0.307 4.454
Nausea -0.628 0.853 0.541 0.462 0.534 0.100 2.843
Headache -0.244 0.343 0.507 0.477 0.783 0.400 1.535
Anosmia -0.842 1.556 0.293 0.588 0.431 0.020 9.100
Ear pain 0.784 0.950 0.680 0.410 2.190 0.340 14.108
Muscle pain 0.570 0.529 1.160 0.281 1.768 0.627 4.989
Chest pain 0.535 0.897 0.356 0.551 1.708 0.294 9911
Joint pain 0412 0.782 0.278 0.598 1.510 0.326 6.986
Other symptoms -1.118 0.927 1.456 0.228 0.327 0.053 2.010
Cardiovascular disease 1.963 1.146 2.934 0.087 7.122 0.753 67.322
Obesity 1.013 1.617 0.392 0.531 2.753 0.116 65.493
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infection, their presence does not appear to influence the risk of
reinfection (Table 3).

Discussion.

The findings of this study provide evidence that certain
epidemiological factors are significantly associated with
COVID-19 reinfection among patients treated in the Cusco
region during 2022. Notably, male sex was identified as a
significant risk factor for reinfection compared to female sex,
a result consistent with previous studies suggesting biological
and immunological differences between sexes [10]. Men tend
to exhibit a less efficient immune response to SARS-CoV-2,
possibly due to higher expression of the ACE2 receptor and
differential regulation of the inflammatory response [11].
Additionally, behavioral and occupational patterns, such as
increased occupational and social exposure, may contribute to
the higher reinfection risk observed in men [12].

Furthermore, individuals from regions outside Cusco, a city
situated over 3,000 meters above sea level, were found to have a
significantly higher risk of reinfection. This finding suggests that
high-altitude environments may play a protective role against
viral infections, aligning with previous studies conducted in
high-altitude populations [13,14]. These studies have proposed
that moderate chronic hypoxia induced by altitude could
modulate the immune response and reduce viral replication
[15,16]. Chronic exposure to hypobaric hypoxia appears
to downregulate angiotensin-converting enzyme 2 (ACE2)
receptor expression in respiratory tissues, potentially limiting
SARS-CoV-2 viral entry points [17]. High-altitude populations
demonstrate beneficial hematological adaptations, including
elevated hemoglobin levels and enhanced antioxidant capacity,
which may mitigate COVID-19-associated hypoxemia and
oxidative stress [ 18]. Hypoxia-inducible factors may additionally
modulate inflammatory responses, potentially preventing the
cytokine storms associated with severe COVID-19.

Furthermore, the characteristic low population density and
increased natural ventilation of mountainous regions likely
reduce person-to-person transmission rates [19]. A recent
meta-analysis confirmed that high-altitude regions exhibit
lower COVID-19 incidence, supporting the hypothesis that
environmental and physiological factors associated with altitude
may confer protection against viral infections [20].

Regarding clinical factors such as respiratory symptoms
and preexisting health conditions, none showed a statistically
significant association with COVID-19 reinfection in this
cohort. This result contrasts with previous studies that have
identified specific symptoms or comorbidities as predisposing
factors for reinfection [3,4]. However, the lack of association
in our study may be attributed to individual immune response
variability, differences in the severity of prior illness, or potential
underestimation of exposure to new viral variants [7].

With respect to interregional mobility, patients from other
departments exhibited a 16.03-fold higher risk of reinfection
compared to Cusco residents. This finding is consistent with
studies demonstrating that migration and travel increase the
likelihood of repeated exposure to the virus, particularly in
contexts where prevention strategies may vary across regions
[21]. Additionally, recent research has highlighted that
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individuals experiencing high mobility, such as those facing
homelessness, have significantly higher reinfection rates due to
exposure in congregate settings and limited access to preventive
measures [22].

Regarding reinfection rates, our study found a reinfection
rate of 0.97%, which aligns with previous reports indicating
rates ranging from 0.2% to 2.5% across different populations
[5,10,23,24]. These variations may be attributed to differences
in reinfection definitions, diagnostic test sensitivity, and local
epidemiological contexts. For instance, a study in Iran reported
a reinfection rate of 2.5 cases per 1,000 patients, suggesting that
regions with higher mobility and healthcare accessibility may
exhibit higher reinfection rates [25].

Finally, it is crucial to tailor public health interventions to the
geographical and demographic characteristics of each region.
In high-altitude areas such as Cusco, factors such as altitude
and interregional mobility should be considered when designing
prevention strategies [9]. Moreover, the persistence of symptoms
in some recovered patients and the possibility of reinfection
underscore the need for comprehensive rehabilitation programs,
including clinical monitoring and psychological support [7].
Such programs would not only improve patients' quality of life
but also alleviate the burden on healthcare systems, mitigating
the long-term impact of the pandemic.

This study has some limitations that should be acknowledged.
The retrospective and observational nature of the design may
introduce selection and information biases. Additionally,
reliance on clinical records may affect data accuracy and
completeness. Moreover, the generalizability of these findings
to other populations should be approached with caution due to
the unique characteristics of the Cusco region. Despite these
limitations, the results provide valuable insights into the factors
associated with COVID-19 reinfection and can serve as a
foundation for future research and public health strategies.

Conclusion.

This study confirms that male sex and residence in lower-
altitude regions are key risk factors for COVID-19 reinfection
in a high-altitude population. These findings highlight the
need for tailored prevention and epidemiological surveillance
strategies adapted to the unique characteristics of high-altitude
regions, with a particular focus on high-risk groups, such as men
and individuals with high interregional mobility. Additionally,
further research is recommended to explore the biological
and environmental mechanisms conferring protection in high-
altitude populations and to assess the impact of emerging viral
variants on reinfection dynamics.
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