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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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.

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° %

Age

0 to 5 years old 0 0.0% 0 0.0%
6 to 11 years old 2 1.9% 0 0.0%
12 to 18 years old 2 1.9% 2 1.9%
19 to 26 years old 11 10.2% 18 16.7%
27 to 59 years old 74 68.5% 83 76.9%
Over 60 years old 19 17.6% 5 4.6%

Gender Female 70 64.8% 49 45.4%
Male 38 35.2% 59 54.6%

Department Cusco 103 95.4% 104 96.3%
Other Department 5 4.6% 4 3.7%

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 
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Reference B Standard 
error Wald p OR 95% C.I. 

Inferior Superior

Over 60 years old

Age 1.502 0.826
6 to 11 years old -21.925 26022.411 0.000 0.999 0.000 0.000
12 to 18 years old -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 0.411 2.338 0.309 17.689

Male Gender              
Male
Female -1.893 0.583 10.538 0.001 0.151 0.048 0.472

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
Self-employed 
worker -0.598 0.704 0.721 0.396 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

Sinopharm

Type of vaccine     3.018 0.389      
Not received or not 
recorded -1.275 0.742 2.950 0.086 0.279 0.065 1.197

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

Reference = Yes B Standard 
error Wald P. OR 95% C.I. 

Inferior Superior
Cough 0.416 0.416 0.998 0.318 1.516 0.670 3.429
Sore throat -0.459 0.410 1.256 0.263 0.632 0.283 1.411
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 9.911
Joint pain 0.412 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

Table 3. Clinical factors associated with COVID-19 reinfection in patients treated in the Cusco-Peru Region.
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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 

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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