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Abstract 

Purpose of the study: to study the dynamics of developing herd immunity 

against SARS-CoV-2 in the population of the Republic of Kyrgyzstan during 

COVID-19. Materials and methods. The work was carried out using the 

methodology for assessing population immunity developed by Rospotrebnadzor 

(Russia) as well as the Ministry of Health (Kypgyzstan) and the St. Petersburg 

Pasteur Institute. Population. The selection of participants was carried out by 

questionnaire using a cloud (Internet server) service. To monitor population 

immunity, a cohort of 2421 subjects was formed, who participated in all stages of 

seromonitoring. Volunteers were randomized according to age groups (1–17, 18–29, 

30–39, 40–49, 50–59, 60–69, 70+ years), regional and professional factors. 

Antibodies (Abs) against SARS-CoV-2 nucleocapsid (Nc) and the receptor binding 

domain (RBD) of S-glycoprotein were determined by qualitative and quantitative 

methods. The study was carried out in 3 stages according to a single scheme: 1st 

stage - 06/28 - 07/03/2021, 2nd - 21-25/02/2022 and 3rd - 31/10 - 04/11/2022. Since 

2021, Kyrgyzstan has been vaccinating the population against SARS-CoV-2 mainly 

using inactivated whole-virion vaccines. Results. Population immunity against 

SARS-CoV-2 was predominantly accounted for by both Ab types (Nc+RBD+). By 

the 3rd stage, the percentage of such persons reached 99.2%, Nc-RBD- volunteers - 

up to 0.8%. At the 1st stage, middle-aged people dominated, but age differences 

were leveled out by the 2nd stage. The greatest impact on seroprevalence was found 

among medical workers, the smallest - among businessmen and industrial workers. 

Populational vaccination significantly impacted on the state of herd immunity that 

reached 25% by the 3rd stage. The refusals of the population in Kyrgyz Republic 

from vaccination noted at the 2nd and especially 3rd stages did not significantly 

affect level of herd immunity, which could probably be associated with 

asymptomatic cases of COVID-19, against which primary vaccination had a booster 

effect. Conclusion. The dynamics of population humoral immunity against SARS-

CoV-2 included a number of changes in the level of circulating antibodies (Nc, 
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RBD), caused by both primary infection and vaccination. The herd immunity formed 

in population of Kyrgyzstan allowed to reduce the incidence of COVID-19 to almost 

sporadic level. 

 

Keywords: Kyrgyz Republic; population; SARS-CoV-2; COVID-19; 

seromonitoring; herd immunity; antibodies; nucleocapsid; receptor binding domain; 

vaccination; hybrid immunity 

 

Резюме. 

Цель исследования: изучить динамику формирования популяционного 

иммунитета к SARS-CoV-2   у населения Республики Кыргызстан на фоне 

COVID-19. Материалы и методы. Работа проведена по  методике оценки 

популяционного иммунитета, разработанной Роспотребнадзором (Россия) и 

Министерством здравоохранения (Кыпгызстан) и  Санкт-Петербургского 

институтом им Пастера. Население.  Подбор участников осуществлялся 

анкетным опросом с использованием облачного (интернет-сервера) сервиса. 

Для мониторинга популяционного иммунитета сформирована когорта из 2421 

человек, участвовавшая во всех этапах серомониторинга. Добровольцы были 

рандомизированы по возрастным группам (1–17, 18–29, 30–39, 40–49, 50–59, 

60–69, 70+ лет), региональным и профессиональным факторам. Антитела 

(Abs) к нуклеокапсиду (Nc) и, рецептор связывающему домену (RBD) S-

гликопротеина определяли качественным и количественным методами,  

Исследование проводилось в 3 этапа по единой схеме: 1-й этап -   28.06 - 

03.07.2021г., 2-й - 21-25/02/2022г.  и 3-й - 31/10 - 04/11/2022г.  С 1921 года в 

Кырзызстане проводили вакцинацию населения против SARS-CoV-2 

преимущественно инактивированными цельновирионными вакцинами.  

Полученные результаты.  Популяционный иммунитет населения к SARS-

CoV-CoV-2 преимущественно был обусловлен обоими Abs (Nc+RBD+). К 3-

му этапу доля  таких лиц достигла 99.2%,  доля   Nc-RBD- волонтёров до 0.8%. 
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На 1-м этапе доминировали лица среднего возраста, однако возрастные 

различия нивелировались ко 2-му этапу. Наибольшее влияние на 

серопревалентность выявлено среди медицинских работников, наименьшее - 

среди бизнесменов и промышленных рабочих.   Значимое влияние на 

состояние популяционного иммунитета оказала вакцинация населения, охват 

которой к 3-му этапу достиг 25%.  Отмеченные на 2-м и особенно 3-м этапе 

отказы населения от вакцинации существенно не повлияли на уровень 

популяционного иммунитета, что, вероятно, могло быть связано с 

бессимптомными случаями COVID-19, на фоне которой первичная 

вакцинация оказывала бустерный эффект. Заключение. Динамика 

популяционного гуморального иммунитета к SARS-CoV-2 включала в себя 

ряд изменений уровней циркулирующих антител (Nc, RBD),  обксловленных 

как первичной инфекцией, так и вакцинацией. Сформированный 

популяционный иммунитет населения Кыргызстана позволил снизить 

заболеваемость практически до спорадического уровня. 

 

Ключевые слова: Кыргызская Республика; население; SARS-CoV-2; 

COVID-19; серомониторинг; коллективный иммунитет; антитела; 

нуклеокапсид; рецептор-связывающий домен; вакцинация; гибридный 

иммунитет. 
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1 Introduction 2 

 Following its first identification in December 2019, coronavirus disease 3 

(COVID-19), caused by a new and highly-virulent strain of β-coronavirus (SARS-4 

CoV-2), turned out to be extremely contagious. It spread almost instantly throughout 5 

the world, causing more than 686 million cases of manifest infection by April 2023, 6 

including 6.8 million fatalities. In this context, the epidemic situation in the Kyrgyz 7 

Republic (KR) looks quite optimistic. As of mid-April 2023, 206,849 cases of 8 

COVID-19 were identified in the country, amounting to 0.03% of the global level 9 

[10]. According to this indicator, the KR occupies 115th place among 189 global 10 

countries [9]. As noted in our previous article [26], one factor could be the relatively 11 

low population density, amounting to 35.2 km-2 in 2023 [28]. Regarding density, 12 

Kyrgyzstan is in 181st place in the global ranking of countries prepared by the 13 

United Nations [18]. The highest densities were noted in the Osh and Chui regions 14 

(38.7 and 49 km-2, respectively); the lowest was in the Naryn region (5.5 km-2) [23]. 15 

 A second factor affecting COVID-19 incidence could be the climatic and 16 

geographical conditions of the country. The Republic is landlocked and surrounded 17 

on all sides by territories with mountainous or desert landscapes. Mountainous areas 18 

occupy up to 94% of the territory, and 41% of them belong to the harsh highlands 19 

located above 3000 m [2, 8]. The climate in these conditions is characterized by a 20 

sharply continental character with significant annual temperature fluctuations and 21 

low precipitation. In winter, the temperature can vary from +2℃ in the valleys 22 

(Fergana, Chui valley, Issyk-Kul depression) to -50℃ in the highlands of the Inner 23 

Tien Shan. The average temperature in summer varies from +27℃ (Fergana Valley) 24 

to +4℃ in mountainous areas. Annual precipitation is about 1000 mm in the Fergana 25 

Valley and 180-250 mm in the mountains of the Central and Inner Tien Shan [8]. 26 

The described conditions, combined with low population density, do not contribute 27 

to the active spread of infectious diseases [1]. 28 

 The third factor could be the tactics used in the fight against COVID-19 in the 29 

KR. Immediately after the first cases appeared, unprecedented measures were 30 
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introduced in the Republic to curb the spread of the virus. Thus, already on March 31 

22, 2020, checkpoints were installed throughout the KR, public catering facilities 32 

were temporarily closed, and all public events were prohibited. The wearing of 33 

masks and maintaining social distancing was encouraged [12]. Since the situation 34 

did not improve, on May 25th (2020) a state of emergency was declared in the three 35 

largest cities (Bishkek, Osh, Jalal-Abad), a curfew was introduced, educational 36 

institutions were closed, and citizens were prohibited from leaving home unless 37 

absolutely necessary (i.e., for purchasing food or medicine). These and other 38 

activities, consistently carried out by the authorities throughout 2020-2021, helped 39 

prevent the uncontrolled spread of SARS-CoV-2 among the population [1, 12]. 40 

 The result of these measures was a gradual decrease in morbidity (Fig. 1). 41 

COVID-19 incidence peaked briefly in weeks 29–30 of 2020, followed by a sharp 42 

decline over the next three weeks to near sporadic levels. 43 

 44 

 45 

Figure 1. Dynamics of COVID-19 incidence and vaccination in the Kyrgyz population. Note: blue line – 46 

incidence rates throughout the COVID-19 epidemic among the Kyrgyz population; orange line – the share 47 

of people who completed vaccination (%); left vertical axis – the number of patients per 100,000 population; 48 

right vertical axis – share of individuals who fully completed vaccination; horizontal axis – week numbers 49 

of the year. 50 

 51 

 In the subsequent period, three more incidence peaks were noted in 2021-52 

2022. They were short-term in nature and, starting from week 35 of 2022, the 53 

number of patients with COVID-19 decreased to a stable, sporadic level. 54 

 When analyzing COVID-19 incidence dynamics in the Kyrgyz population, 55 

one cannot help but notice a clear connection between the number of cases and the 56 

share vaccinated (Fig. 1). Correlation analysis made it possible to identify a stable 57 

inverse relationship between the compared data with a correlation coefficient value 58 

of -0.68 (p<0.0001). This indicates a statistically significant effect of vaccination on 59 

the intensity of the epidemic process. The range of preparations used throughout the 60 

epidemic changed due to the availability of certain anti-coronavirus vaccines in the 61 

KR. Initially, three vaccines were used: Gam-COVID-Vac ('Sputnik V', Russia); 62 

Fig. 1 
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EpiVacCorona (Russia); and Sinopharm (PRC) [26]. Subsequently, an entire range 63 

of vaccines supplied to the Republic was used.  64 

 In addition, the protective contribution of post-infectious immunity, formed 65 

in response to manifest COVID-19 or asymptomatic infections, cannot be 66 

underestimated. It is generally accepted that following an initial infection, a primary 67 

immune response is formed in the body, yet it most often decreases relatively 68 

quickly. This subsidence can be overcome by repeated infection with a pathogenic 69 

virus, especially as a result of contact with a convalescent or even a vaccinated 70 

subject with a mutated version of the virus [5, 14, 33, 37]. One possible way to 71 

reduce the risk of reinfection is re-vaccination after previous illness or asymptomatic 72 

infection. Booster administration of vector or mRNA vaccines to individuals with a 73 

history of infection has been shown to produce higher levels of total and neutralizing 74 

antibodies compared to fully-vaccinated individuals who have received two doses 75 

of vaccine but have no prior overt or asymptomatic infection [5]. Such approaches 76 

contribute to the formation of hybrid immunity, featuring the most effective 77 

protection [6, 11, 24, 31]. Since, as noted above, the vaccination tactics adopted in 78 

the KR led to a decrease in incidence to a sporadic level (Fig. 1), it can be assumed 79 

that the driving mechanism for this result was most likely hybrid immunity. 80 

 The study summarizes a two-year project, the goal of which was to analyze 81 

the formation of collective immunity against coronavirus, and its associated 82 

dynamics, among the Kyrgyz population throughout the COVID-19 epidemic. 83 

 84 

2. Materials and methods 85 

2.1 Formation and characteristics of the volunteer cohort 86 

 The study was conducted as part of the project “Assessment of collective 87 

immunity to SARS-CoV-2 in the population of the Kyrgyz Republic”, carried out 88 

using a methodology for assessing collective immunity developed by 89 

Rospotrebnadzor (Russia) and the Saint Petersburg Pasteur Institute (Russia) with 90 

the participation of the Kyrgyz Ministry of Health, taking into account WHO 91 
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recommendations. The longitudinal, randomized cohort study was conducted in 3 92 

stages in the period 2021-2022: stage I (28.06 – 03.07.2021); stage II (21.02 – 93 

25.02.2022); and stage III (31.10 – 04.11.2022). Of the 9,471 volunteers who 94 

participated in stage I, only 2,411 took part in all 3 survey stages; only these were 95 

used to assess the evolution of immunity during the pandemic. The methodology for 96 

selecting and randomizing volunteers has been detailed in our previous works [26, 97 

27]. 98 

 The study adhered to the requirements of the Declaration of Helsinki. In 99 

addition, the studies were approved by the ethics committees of the "Preventive 100 

Medicine" Scientific and Production Association (currently the National Institute of 101 

Public Health, Kyrgyz Ministry of Health) (protocol No. 7, ref. No. 01-288, dated 102 

December 9, 2020) and the St. Petersburg Pasteur Institute (protocol No. 64, dated 103 

May 26, 2020). 104 

 Before the start of the study, all volunteers were stratified by age (Table 1), 105 

place of residence (Table 2), and occupation (Table 3). The cohort consisted of 479 106 

men and 1905 women (sex ratio 1:4). 107 

 108 

Table 1. Distribution of volunteers by age. 109 

 110 

Table 2. Distribution of volunteers by place of residence. 111 

 112 

Table 3. Distribution of volunteers by occupation. 113 

 114 

 The initial professional categories were heterogeneous, with large groups 115 

(medicine, unemployed) and small groups (creativity - 6 people, military personnel 116 

- 8 people, etc.). As such, certain subgroups were combined according to similarity 117 

of risk factors. The combined groups are shown in Table 3. 118 

 119 

2.2 Laboratory analysis of volunteer samples 120 

 At each stage of the study, venous blood samples were taken from volunteers 121 

for quantitative determination by ELISA of antibodies (Abs) to the SARS-CoV-2 122 

nucleocapsid antigen (Nc) and the receptor binding domain (RBD) of the S (spike) 123 
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protein. The method for determining Ab levels in peripheral blood plasma, and the 124 

diagnostic systems used, are described in detail in a previous work [26]. 125 

 126 

2.3 Volunteer vaccination 127 

 Some volunteers, as well as the rest of the Kyrgyz population, received 128 

specific vaccine prophylaxis during the survey period. During the first stage, mainly 129 

Gam-COVID-Vac vector vaccines (Sputnik V, Sputnik Light, Gamaleya Research 130 

Institute of Epidemiology and Microbiology, Russia) and the BBIBP-CorV 131 

(Sinopharm, PRC) whole-virion inactivated vaccine were used. 132 

 During the implementation of the 2nd and 3rd stages of the study, the entire 133 

range of vaccine preparations available to Kyrgyz medical authorities was used: 134 

vector vaccine ChAdOx1 S (AstraZeneca), mRNA preparations BNT162b2 (Pfizer) 135 

and mRNA-1273 (Moderna), as well as the whole-virion inactivated vaccines 136 

BBIBP-CorV (Sinopharm, PRC), CoronaVac (Sinovac, PRC) and QuazVac 137 

(Kazakhstan). Due to the fact that the set of preparations used in the KR included 138 

eight different products, they were combined, when necessary, into four groups, 139 

based on design platform, for data analysis. These categories were: inactivated 140 

(BIBP-Cor-V, CoronaVac, QuazVac); vector (Gam-COVID-Vac, Sputnik V, 141 

Sputnik Light, ChAdOx1-S); mRNA (BNT162b2, mRNA-1273); and peptides 142 

(EpiVacCorona). The given categories are used during analysis and discussion of 143 

the main aspects of vaccination in this article. 144 

 Statistical analysis was carried out using Excel 2010. Confidence intervals 145 

(95% CI) were calculated by the method of Wald and Wolfowitz [35], with 146 

correction as described by Agresti and Coull [4]. The statistical significance of 147 

differences in shares was calculated using the z-test [32]. Unless otherwise indicated, 148 

differences were designated as significant when p≤0.05. 149 

 150 

3. Results 151 
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3.1 SARS-CoV-2 seroprevalence in volunteers of different ages throughout 152 

seromonitoring 153 

 The main method for assessing collective immunity in the population was to 154 

determine the distribution among volunteers of two specific Abs: anti-Nc and anti-155 

RBD. Based on the results of serological analysis at each stage of the study, the 156 

cohort was divided into two groups. The 'negative serological group' (NSG) included 157 

individuals who did not have circulating Nc or RBD Abs in their blood. The second 158 

group, the 'combined group of all positives' (CGAP), included volunteers with 159 

circulating Abs to Nc, RBD, or both. 160 

 In the 1st stage, the share of CGAP individuals averaged 82.0% (95% CI: 161 

80.4-83.5), while the share of NSG was 4.5-fold less, or 18.0% (95% CI: 16.5-19.5). 162 

In the 2nd stage, the share of CGAP volunteers increased to 98.2% (95% CI: 97.6-163 

98.7), and NSG decreased to 1.8% (95% CI 1.3-2.4). Finally, by stage III, the CGAP 164 

reached a maximum (99.2%; 95% CI: 98.8-99.5), while NSG decreased to a 165 

minimum (0.8%; 95% CI: 0.5-1.2). Age-related differences in seroprevalence were 166 

noted only in stage I. The lowest seroprevalence was observed in the children's 167 

subgroup (1-17 years), and the maximum was among individuals in the age subgroup 168 

of 50-59 years (Fig. 2). By the 2nd and especially the 3rd stages, the differences 169 

gradually leveled out to statistically insignificant values. 170 

 171 

Figure 2. Shares of seropositive (CGAP) and seronegative (NSG) individuals of different ages 172 

throughout seromonitoring. 173 

 174 

 In addition to cohort distribution according to CGAP and NSG, we assessed 175 

the structural distribution of Nc and RBD Abs in volunteers of different age groups. 176 

For this, quantitative analysis results for the CGAP group were further refined as 177 

subgroups: those with only Nc Abs (Nc+RBD–); those with only RBD Abs 178 

(RBD+Nc–); and those with both Ab subtypes circulating simultaneously (Nc+RBD+) 179 

(Fig. 3A-C). 180 

 181 

 182 

Fig. 2 

Fig 3 

Fig 2 
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 183 

                     Figure 3. Changes in peripheral Nc and RBD Ab levels in volunteers of different ages  184 

                   throughout seromonitoring. Letters above diagrams: A – 1st stage; B – 2nd stage;  185 

                   C – 3rd stage of the study. 186 

   187 

 In the 1st stage of the study, conducted one and a half years after the start of 188 

the pandemic, during the period of decline in the 2nd moderate incidence peak (Fig. 189 

1), seropositive volunteers were predominantly represented by those who had Abs 190 

to both antigens (Nc+RBD+), 51.3% (95% CI: 49.2-53.3) on average. About a quarter 191 

of volunteers had antibodies only to RBD (RBD+Nc–), 26.7% (95% CI: 24.9-28.4). 192 

The share of volunteers who had only Nc Abs (Nc+RBD–) was 4.2% (95% CI: 3.4- 193 

5.0). 194 

 When analyzing individual age groups in the 1st stage, differences in the 195 

structure of immunity were noted. Half of the volunteers over 40 years old were 196 

Nc+RBD+, and slightly more than 20% were RBD+Nc–. In contrast, volunteer groups 197 

from 1 to 39 years old were represented approximately equally (about a third of 198 

volunteers) by Nc+RBD+ and RBD+Nc– (Fig. 3A). 199 

 By the 2nd stage, carried out in February 2022, incidence remained at a 200 

consistently low level, and vaccination coverage approached 20% (Fig. 1). In this 201 

context, 88.7% (95% CI: 87.3-89.9) of volunteers on average for the cohort had 202 

antibodies to two antigens (Nc+RBD+). The shares of monopositive individuals 203 

decreased: RBD+Nc– to 7.8% (95% CI: 6.8-8.9); and Nc+RBD– to 1.8% (95% CI: 204 

1.3-2.4). Moreover, age differences practically leveled out. Only among children (1-205 

17 years old), the relatively low share of Nc+RBD– remained significantly higher 206 

than the group average (p<0.0001). 207 

 By the 3rd stage, the share Nc+RBD+ in the entire cohort continued to be 208 

maximal, averaging 88.1% (95% CI: 86.7-92.5). The share of Nc+RBD– individuals 209 

decreased to almost zero. The share of RBD+Nc– subjects increased slightly 210 

(compared to stage II) to 10.6% (95% CI: 9.4-11.9). Differences were noted only 211 

among volunteers monopositive for RBD (RBD+Nc–), the shares of which were 212 

greatest among those 18-29 years old (17.5%; 95% CI: 12.7-23.1) and 30-39 years 213 
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old (15.4%; 95% CI: 11.8-19.4), although the differences were not significant for 214 

any age group. 215 

 216 

3.2 SARS-CoV-2 seroprevalence in volunteers living in different Kyrgyz regions 217 

throughout seromonitoring 218 

 As noted, the KR is a mountainous country located in Central Asia. The 219 

geography of the KR is characterized by two mountain systems, the Tien Shan and 220 

Pamir, occupying almost 90% of the country. The population mainly lives in 221 

intermountain valleys, each of which has its own climatic and geographic features. 222 

These, in principle, could have an impact on seroprevalence. Based on these features, 223 

we investigated the presence of Nc and RBD Abs among volunteers from the main 224 

regions of the Republic. At first, the proportions of seropositive (CGAP) and 225 

seronegative (NSG) volunteers were determined in each region (Fig. 4). 226 

 227 

        Figure 4. Seropositive (CGAP) and seronegative (NSG) volunteers by Kyrgyz region  228 

         throughout  seromonitoring. Note: C – city; R – region. 229 

 230 

 In stage I, the share of NSG volunteers varied from a maximum in Bishkek 231 

(27.6%; 95% CI: 22.7-33.1) to a minimum in the Talas region (11.4%; 95% CI: 8.2-232 

15.3) reaching significance (p<0.0001). Accordingly, the proportion of CGAP 233 

subjects in the Talas region was significantly higher than in Bishkek (p<0.0001). 234 

 As noted earlier regarding stage II, the share of NSG individuals in the cohort 235 

expectedly decreased by an average of 10-fold, to 1.8% (95% CI: 1.3-2.4). 236 

Meanwhile, CGAP reached an average of 98.2% (95% CI: 97.6-98.7) for the cohort 237 

without any significant differences in volunteer indicators by region. 238 

 By the 3rd stage, the share of NSG decreased to an average of 0.8% (95% CI: 239 

0.4-1.2), while the percentage of CGAP volunteers almost reached the maximum 240 

possible value, an average of 99.2% for the cohort (95% CI: 98.8-99.6). No regional 241 

differences were noted. 242 

Fig 4 
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 In light of the data, especially for stages II and III, it was logical to expect a 243 

similar seroprevalence structure of individuals with peripheral Nc Abs, RBD Abs, 244 

or both (Nc+RBD+) (Fig. 5). 245 

 246 

 247 

Figure 5. Humoral immunity dynamics (Nc, RBD Abs) among volunteers by Kyrgyz region. Vertical 248 

black lines are 95% confidence intervals. Letters above diagrams: A – stage I, B – stage II, C – stage III 249 

of analysis. Note: C – city; R – region.   250 

 251 

 As described earlier, in stage I, half of the cohort (51.3%; 95% CI: 49.2-53.3) 252 

was represented by Nc+RBD+ individuals (Fig. 5A). The share RBD+Nc– averaged 253 

26.6% (95% CI: 24.9-28.4), and the share Nc+RBD– did not reach 5% (4.2%; 95% 254 

CI:3.4-5.0). 255 

 By stage II, the share Nc+RBD+ increased to 88.7% (95% CI: 87.3-89.9) due 256 

to 257 

decreases in monopositive volunteers: Nc+RBD– to 1.8% (95% CI: 1.3-2.4); and 258 

RBD+Nc– to 7.8% (95% CI: 6.8-8.9). The differences were significant at p<0.0001. 259 

Furthermore, regional differences in seroprevalence were seen in stage I: 260 

significantly lower shares of RBD+Nc– individuals in the Chui, Issyk-Kul and Jalal-261 

Abad regions; and lower Nc+RBD+ status in the Batken region and Bishkek (Fig. 262 

5A). By stage II, however, these differences leveled out to an insignificant level (Fig. 263 

5B). 264 

 By the 3rd stage, the share of Nc+RBD+ remained high 88.1% (95% CI: 86.7-265 

92.5), without significant differences (Fig. 5C). However, regional differences in 266 

share RBD+Nc– increased, specifically: the shares seropositive for RBD increased in 267 

the Osh and Jalal-Abad regions; they decreased in the Chui, Issyk-Kul and Naryn 268 

regions; and they remained virtually unchanged in other regions. In other words, the 269 

differences that existed in the 2nd and 3rd stages of monitoring did not significantly 270 

affect the state of collective immunity to SARS-CoV-2, either nationwide or by 271 

administrative region. 272 

 273 

Fig.5 
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3.3 Influence of occupational factors on the structure of SARS-CoV-2 seropositivity  274 

 Occupation could potentially impact SARS-CoV-2 Ab distributions. There is 275 

an extensive list of professions that require constant wide contact with the 276 

surrounding population. Such specialists include healthcare workers, consumer 277 

services, public catering, social workers, etc. [19, 22]. Therefore, the volunteer 278 

cohort was stratified by profession. Where sample sizes allowed, homogeneous 279 

professional groups were formed (unemployed, healthcare, pensioners). 280 

Professional groups with a small number of volunteers were joined into aggregate 281 

groups (science + education + the arts, others). 282 

 283 

                       Figure 6. Shares of seronegative (NSG) and seropositive (CGAP) volunteers in 284 

                       different professional groups throughout seromonitoring. Vertical black lines are 95%  285 

                       confidence intervals. 286 

 287 

 As follows from Figure 6, the proportion CGAP was highest among healthcare 288 

workers in stage I (p<0.001). In all other professional groups, the differences in stage 289 

I did not reach the threshold of statistical significance. By stage II, all professional 290 

differences were practically leveled out, and the share of CGAP volunteers increased 291 

to a maximal level, amounting to an average of 98.2% for the cohort (95% CI: 96.7-292 

98.7). By stage III, it was 99.2% (95% CI: 98.9-99.6). 293 

 Based on seroprevalence distribution findings in coarse groups (NSG, 294 

CGAP), similar patterns would be expected for individual SARS-CoV-2 Ab 295 

subtypes. As noted, the CGAP group includes three subgroups of individuals 296 

seropositive for one (Nc+RBD–, RBD+Nc–) or both (Nc+RBD+) Ab types. Their 297 

ratios determine the structure of humoral immunity to pathogenic coronavirus [41]. 298 

Analysis of Ab distributions among those in different professions largely confirmed 299 

the previously identified trends (Fig. 7). 300 

 301 

           Figure 7. Humoral immunity dynamics (Nc, RBD Abs) among volunteers by professional  302 

           group. Vertical black lines are 95% confidence intervals. Letters above the diagrams: A –  303 

           stage I, B – Stage II, C – stage   III of the study. 304 

 305 

Fig. 6 

Fig 7 
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 The share of Nc+RBD+ individuals in all professional groups, as well as the 306 

share CGAP, in stage I was the smallest among the three stages, ranging from 31.7% 307 

(95% CI: 23.0-41.6) in children to 57.4% (95% CI: 54.8-60.3) among healthcare 308 

workers (Fig. 7A). The share RBD+Nc– in different professional groups ranged from 309 

23.5% (95% CI: 15.5-33.1) to 33.6% (95% CI: 24.7-43.6). In the 2nd and 3rd stages, 310 

the same trend was observed in all professional groups: the share Nc+RBD+ 311 

increased significantly (exceeding 80%), while the shares of RBD+Nc– and 312 

Nc+RBD– decreased to an average of 10.6% (95% CI: 9.4-11.9) and 0.6% (95% CI: 313 

0.3-1.0) (Fig. 7B, C). It can be assumed that this evolution of seropositivity is 314 

probably associated with features of vaccination implemented in the KR during this 315 

period. 316 

 317 

3.4 Quantification of the distribution of major antibodies against SARS-CoV-2 318 

among volunteers during the monitoring process 319 

 In addition to determining overall seroprevalence in the population, to assess 320 

collective immunity to the pathogenic coronavirus, it is necessary to have an idea of 321 

Ab titers in volunteers throughout seromonitoring. To obtain this information, we 322 

used the corresponding quantitative ELISA test systems described in previous work 323 

[26]. Blood samples were analyzed quantitatively from all volunteers participating 324 

in the study. They were stratified only by age which, in our opinion, made it possible 325 

to reduce the influence of regional or professional factors on the results obtained. 326 

Since the serological study used two kits intended for the quantitative determination 327 

of Abs only to Nc or RBD, the results were analyzed separately for each antigen. 328 

The results obtained are expressed in BAU/ml. 329 

 330 

3.4.1 Quantitative Nc Ab levels during seromonitoring in volunteers of different age 331 

groups 332 

 The results of quantitative Nc Ab determination are shown in Figure 8. 333 

                      Figure 8. Distribution of Nc Ab levels in the volunteer cohort by age group. Letters 334 

                    above diagrams: A – stage I, B – stage II, C – stage III of analysis. Black vertical lines 335 
Fig 8 
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                   are 95% confidence intervals. 336 

 337 

In the 1st stage, the majority of volunteers did not have detectable Nc Abs, meaning 338 

that when tested, levels were below a minimum (<17 BAU/ml). Negative results 339 

were most often detected in children aged 1–17 years and young people aged 18–29 340 

years, and to a lesser extent among persons aged 30–39 years (Fig. 8A). There were 341 

no significant differences between the average shares of seronegative individuals 342 

within these three age groups. Among volunteers in whom Nc Abs were detected, 343 

concentrations were more often moderate, ranging from 32 to 124 BAU/ml (from 344 

15.3 to 34.6% of volunteers). The largest share of such individuals was identified in 345 

the age group of 50-59 years (34.6%; 95% CI: 30.7-38.5). The differences compared 346 

with other age groups, except for the groups 1-17 and 40-49 years old, were 347 

significant at p<0.05. The share of individuals with Nc Abs in concentrations less 348 

than or greater than the range of 32-124 BAU/ml were significantly lower in all age 349 

groups. 350 

 By the 2nd stage, Nc Ab levels changed noticeably, primarily due to a 351 

decrease in the share of seronegative individuals by 4.6-fold, p<0.0001 (Fig. 8B). 352 

This process was most active in the middle and older age groups from 40 to 69 years. 353 

At the same time, there was a 10-fold increase in the share of volunteers with 354 

maximum Nc Ab content exceeding 667 BAU/ml (p<0.0001). The share of 355 

individuals with very low Nc Ab content (17-31 BAU/ml) decreased by 2.9-fold 356 

(p<0.0001). In contrast, the shares of individuals with average (125-332 BAU/ml), 357 

high (333-666 BAU/ml), and very high (>666 BAU/ml) Ab levels increased by 2.0-358 

fold, 5.4-fold and 10-fold, respectively. All differences were significant at p≤0.001. 359 

Thus, by the 2nd stage there was an increase in the share of seropositive individuals 360 

with medium and high Ab levels. 361 

 By the 3rd stage, the share of seronegative volunteers did not change 362 

significantly compared to the 2nd, but there was a two-fold increase in the share of 363 

individuals with a moderate Ab level in the range 32-124 BAU/ml (Fig. 8C) with 364 

significance at p<0.0001. The share of individuals with Ab levels within 125-332 365 
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BAU/ml increased by only 1.4-fold, yet it was significant (p<0.001). In this context, 366 

decreases in the share of individuals with high Ab levels were unexpected: 333-666 367 

BAU/ml by 1.9-fold; and in the group with titers >667 BAU/ml, by even 4.6-fold 368 

(p>0.001). In other words, among seropositive volunteers, individuals with low and 369 

moderate Nc Ab levels predominated in stage III. Unfortunately, we were unable to 370 

find a convincing explanation for this phenomenon. We can only assume that this is 371 

due to specifics of the organized vaccination campaign, which we discuss further in 372 

the corresponding section. 373 

 374 

3.4.2 Quantitative RBD Ab levels in volunteers of different age groups throughout 375 

seromonitoring 376 

 Along with Nc Abs, the leading component of the immune response to SARS-377 

CoV-2 is RBD Abs, which ensure the mechanical stability of homotrimeric spines 378 

[7, 22, 39]. This aspect drives the constant attention to the assessment of RBD Abs, 379 

which largely determine the protectiveness and intensity of the immune response to 380 

COVID-19 vaccination [7, 13]. 381 

 382 

                    Figure 9. Distribution of RBD Ab levels in the volunteer cohort by age. Letters 383 

                    above the diagrams: A – 1st stage, B – 2nd stage, C – 3rd stage of the study.  384 

                   Black vertical lines are 95% confidence intervals. Antibody levels are in BAU/ml. 385 

 386 

 In the 1st stage of serological examination, the largest number of volunteers 387 

were either negative (<22 BAU/ml) or had low RBD Ab levels in the range 22.6-388 

220 BAU/ml (Fig. 9A), with a slight predominance in the group '1-17 years' of 389 

individuals with low RBD Ab levels (22.6-220 BAU/ml), while in other groups 390 

seronegative status predominated (p>0.0001). 391 

 By the 2nd stage, the volunteer cohort distribution changed noticeably (Fig. 392 

9B) primarily due to a sharp decrease in the share of seronegative volunteers in all 393 

age groups by an average of 16.7-fold for the cohort. In addition, in all groups of 394 

seropositive subjects, there was a significant increase in RBD Ab levels (p<0.0001). 395 

The share of individuals with the highest Ab levels (>450 BAU/ml) exceeded 70% 396 

Fig 9 
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in older age groups (Fig. 9B). In age groups up to 39 years, the proportions of 397 

individuals with average 221-450 BAU/ml (about 30%) and high >450 BAU/ml (40-398 

50%) levels were also significantly different. 399 

 In stage III, the share of individuals with the maximum Ab level (>450 400 

BAU/ml) decreased by 9.6% (p<0.001). In the remaining groups, changes in 401 

seropositivity were insignificant compared to stage II (Fig. 9C). 402 

 Thus, quantitative RBD Ab dynamics throughout the analysis were 403 

characterized by several gradual trends. The 1st stage featured a predominance of 404 

RBD seronegative status which began to significantly decline (fewer and fewer 405 

seronegative individuals) in subsequent stages. Meanwhile, the proportion of 406 

seropositive individuals with both medium and high Ab levels, on the contrary, 407 

increased significantly. It can be assumed that a significant reason for this increase 408 

could be vaccination of the population against SARS-CoV-2 deployed by the 409 

Kyrgyz authorities, which will be discussed in the next section. 410 

 411 

4. Vaccination of the population and volunteer cohort against SARS-CoV-2 412 

 The KR paid the utmost attention to the SARS-CoV-2 vaccination program. 413 

During the 2021 – 2023 period, a total of 6,889,780 vaccine doses were administered 414 

in the Republic. The result of this process was the achievement of vaccination 415 

coverage of almost 25% of the population by March 31, 2023. Preparations for 416 

immunization came from different sources, hence their distribution turned out to be 417 

very heterogeneous. The largest share fell on three inactivated vaccines types (74%). 418 

The share of vector vaccines was 12.6%, and mRNA designs represented 13.0%. 419 

Most vaccines (85.9%) were supplied to the KR from various sources in 2021, while 420 

13.5% of preparations were imported in 2022. Only 0.3% of vaccine materials, in 421 

the form of 20,160 doses of BNT162b2, was delivered in March 2023. This vaccine 422 

supply schedule determined the structure of vaccine-based prevention for the 423 

Kyrgyz population during the seromonitoring period (Fig. 10). 424 

 425 
 426 

Fig 10 
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                              Figure 10. Usage structure of vaccines used to immunize the Kyrgyz population 427 

                             against coronavirus throughout seromonitoring. 428 

 429 

 The graph omits minor shares of QuazVac and SinoVac vaccines (<1%). 430 

Gam-COVID-Vac preparations (Sputnik V, Sputnik Light) are combined into one 431 

group. Of the entire set of preparations, the inactivated whole-virion Sinopharm 432 

BIBP vaccine was most often used, likely due to its dominant supply volume 433 

(71.8%). This assortment of vaccines had an impact on vaccine administration to 434 

participants in the surveyed cohort, in which the proportion of those vaccinated with 435 

inactivated whole-virion preparations was expectedly the largest in all age groups in 436 

all survey stages (Figure 11). 437 

 438 

         Figure. 11. Structure of coronavirus vaccines administered to participants in the  439 

         volunteer cohort at the stages of seromonitoring. Stage I - primary vaccination;  440 

         stages II and III – booster revaccinations. The vaccines used were grouped into  441 

         the type of technology platform: inactivated whole virion (Inactivated), vector  442 

        (Vector), mRNA, peptide Peptide). Red areas – the proportion of people who refused  443 

        immunization at any stage 444 
 445 
 446 

 The distribution by age of those immunized turned out to share key features 447 

throughout all study stages: maximum vaccination coverage was noted among the 448 

middle-aged (39-69 yrs); and the minimum was seen among children (1-17 yrs). It 449 

should be emphasized that in the 1st stage, volunteers were vaccinated more actively, 450 

especially among the ages 40-59 years, when vaccination coverage reached 451 

significant differences (p<0.0001). Among children, only 5.8% (95% CI: 2.4-11.6) 452 

received vaccination, which is 7.4-fold less than among adults (Fig. 11A). 453 

 By stage II, the share vaccinated in the groups 18-29 and 30-39 years old 454 

increased, yet it decreased in the groups 40-49 and 50-59 years old; all differences 455 

were insignificant (Fig. 11B). In general, the proportion of people who received 456 

inactivated vaccines increased slightly (by 2.1%). The bell-shaped distribution 457 

characteristic of the 1st stage became flatter by the 2nd stage. A significant increase 458 

in the share of individuals who received vector vaccines (mainly AZD1222) was 459 

recorded, the total proportion of which increased from 4.6% (95% CI: 3.8-5.5) in 460 

Fig 11 
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stage I to 10.0% (95% CI: 8.8-11.2), p<0.0001. In immunization practice, mRNA 461 

types were also noted, the share of which was a modest 4.6% (95% CI: 3.8-5.5). 462 

 By the 3rd stage, the majority of volunteers received inactivated vaccines 463 

(24.8%; 95% CI: 23.1-26.5). The significance of vaccine type differences 464 

(comparison by stage) was: stage III vs stage I at p<0.0001; and stage III vs stage II 465 

at p<0.00001 (Fig. 11C). Thus, the trend towards preferential use of inactivated 466 

vaccines continued throughout the study. 467 

 We assessed the effect of vaccination on the level and structure of volunteer 468 

humoral immunity (Fig. 12). Pronounced differences in the structure of humoral 469 

immunity were found only in the 1st stage of seromonitoring. In vaccinated 470 

volunteers, the individual seropositivity types were higher than in unvaccinated 471 

volunteers: CGAP was 91.8% (95% CI: 89.9-93.4) compared to 75.0% (95% CI: 472 

72.8-77.3) in the unvaccinated; RBD+ was 89.3% (95% CI: 87.2-91.2) versus 69.4% 473 

(95% CI: 67.0-71.8); Nc+ was 62.9% (95% CI: 59.7-65.9) compared to 50.4% (95% 474 

CI: 47.8-53.0); and double-positive status (Nc+RBD+) was 60.4% (95% CI: 57.2-475 

63.5) compared to 44.8% (95% CI: 42.2-47.4). 476 

 In stages II and III, when vaccination coverage increased and the number of 477 

volunteers who had manifest COVID-19 or an asymptomatic form increased 478 

significantly, statistically significant differences between volunteers depending on 479 

vaccination status were no longer detected. 480 

 481 

   482 

     Figure 12. Age distribution of vaccine platform usage. Letters above charts: A – stage I;  483 

     B – stage II; C – stage III of the study. Y-axis: vaccine platform. Bars indicate volunteers  484 

     vaccinated, %. When constructing the distributions for stages II and III, those refusing  485 

     vaccination, and/or those unable to specify the type of vaccine received, were not taken into  486 

     account. 487 

 488 

5. Discussion 489 

 In terms of COVID-19 incidence, the KR is among countries with low severity 490 

of the infectious process. The total number of reported cases by mid-2023 was 491 

206,897, which translates to a population rate of 2,807 per 100,000 people. 492 

Fig 12 
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According to this indicator, the KR occupies 115th place in terms of the number of 493 

infected people globally. However, the mortality rate was 1.45% (2.8-fold higher 494 

than the global average). It is worth noting that the COVID-19 mortality rate in the 495 

KR turned out to be higher than in neighboring countries such as China (1.05%), 496 

Kazakhstan (0.98%), Tajikistan (0.70%) and Uzbekistan (0.65%), but noticeably 497 

lower than in Afghanistan (3.55%) [10]. 498 

 The infectious process in the KR developed without extreme ‘waves’. The 499 

first patients were identified in the 12th week of 2020. Only from the 26th week 500 

(2020) was there an increase in incidence that lasted for 7 weeks, with a sharp peak 501 

occurring in the 29th week and amounting to 216.6 per 100,000 population. 502 

Subsequently, there was a sharp decrease in incidence to an almost sporadic level 503 

over the next 2-3 weeks (Fig. 1). The next peak was noted a year later, and it was 504 

already 1.4-fold lower than the initial one. Subsequently, there was a gradual 505 

decrease in the intensity of COVID-19 incidence. Starting from the 36th week (2022), 506 

incidence reached a sporadic level (Fig. 1). Such a ‘mild’ epidemic course in Kyrgyz 507 

regions can be explained variously: on the one hand, by the beginning of vaccination; 508 

and on the other hand, by the administrative measures of the Kyrgyz government 509 

mentioned in the introduction, the totality of which made it possible to quickly 510 

localize the epidemic process. 511 

 A significant factor in assessment and analysis of the epidemic process was 512 

the KR’s participation in the international project to study COVID-19 collective 513 

immunity launched on June 21, 2021 (15 months after the outbreak of the epidemic 514 

among the Kyrgyz population). By that time, the total number of confirmed human 515 

infections was 119,873 [10]. Obviously, in addition to the symptomatic cases 516 

registered, one should take into account the difficult-to-estimate number of people 517 

who have had asymptomatic infections [15, 30]. According to our data, 518 

seroprevalence at the start of the study had reached 77.1% [26].  519 

 To determine seroprevalence levels in different Kyrgyz age groups, we 520 

assessed the number of volunteers whose blood plasma contained Nc and/or RBD 521 
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Abs. This group was designated as the combined group of all positives (CGAP), and 522 

naive individuals (in whose blood Abs were not detected) were assigned to the NSG 523 

group (Fig. 2). The results obtained generally confirmed the hypothesis about the 524 

significant contribution of asymptomatic forms to total seroprevalence. The total 525 

share of CGAP volunteers by the 1st stage was 82% (95% CI: 80.4-83.5). As 526 

mentioned, the prevalence accumulated by the 1st stage amounted to 119,873 people 527 

(1.63% of the total Kyrgyz population), wherein the estimated share of 528 

asymptomatic individuals will be about 80.4%, which fully fits the lower limit of the 529 

CGAP confidence interval. The share of seronegative individuals by this time was 530 

18% (95% CI: 16.5-19.5). Differences between groups were significant at 531 

p<0.00001.  532 

 Antibody distributions in different age groups showed a significant 533 

predominance of volunteers who had Abs to both antigens or only RBD (Nc+RBD+, 534 

RBD+Nc–) in all groups at p<0.0001. The share of those seropositive for RBD was 535 

greatest among younger volunteers (1-17, 30-39 years). In older groups (40-70+ 536 

years), it was significantly lower for the groups 50-59 and 60-69 years (p<0.05) (Fig. 537 

3A). The opposite trend was observed among Nc+RBD+ volunteers (Fig. 3B, C). 538 

Among older volunteers, there was a significant increase in the share of double-539 

positive volunteers compared to younger groups (p<0.001). By stages II and III, 540 

these differences were smoothed out due to a further decrease in the share of 541 

RBD+Nc– and an opposite increase in the share of Nc+RBD+ individuals 542 

(p<0.00001). Obviously, such a change in trend could be associated primarily with 543 

vaccinations carried out mainly with inactivated, and to a lesser extent vector 544 

vaccines (Fig. 11A-C). To some extent, this trend can be explained by the wider 545 

antigenic composition of inactivated vaccines compared to vector and mRNA 546 

designs [36]. 547 

 When assessing the structure of seropositivity depending on regional and 548 

professional factors, the same general trends were revealed as in the age group 549 

analysis (Fig. 4, 6). In the 1st stage, the share of CGAP was lower than in subsequent 550 
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stages. In the 1st stage, there was still some heterogeneity in the distribution across 551 

regions and professional groups. However, by the 2nd and 3rd stages, it had 552 

smoothed out, wherein an increase in the share CGAP was naturally accompanied 553 

by a significant decrease in NSG (p<0.00001). The structure of immunity underwent 554 

similar changes. The increase in the shares of Nc+RBD+ volunteers was 555 

accompanied by a natural decrease in the corresponding shares of RBD+Nc– (Fig. 556 

5A-C, 7A-C). In all these cases, the main reason for the increase in seroprevalence 557 

in stages II and III was the active vaccination of the population, including the cohort 558 

of volunteers (Fig. 1), as well as the likely involvement of the majority of the 559 

population in the infectious process via asymptomatic forms. 560 

 Indirect confirmation of the legitimacy of such a mechanism can also be 561 

provided by quantitative analysis of plasma Nc and RBD Ab content (Fig. 8A-C, 562 

9A-C). In the 1st stage, Nc Abs (if determined) were less than 17 BAU/ml (lower 563 

sensitivity threshold of the method) in half of the volunteers (Me = 50.4; Q25:Q75 564 

= 38.6-58.6). By the 2nd stage, Nc Ab levels in all age groups increased to 13-124 565 

BAU/ml. In older groups (40-49 to 70+), they reached the maximum level (>667 566 

BAU/ml), although in general their total share did not exceed 32.6% (95% CI: 30.8-567 

34.6).  568 

 By stage III, simultaneously with the increase in CGAP, there was an increase 569 

in the share of those with moderate Nc Ab levels in the range 32-124 BAU/ml to 570 

37.6% (95% CI: 35.7-39.5), alongside a statistically significant decrease in the share 571 

of those with high Nc Ab levels (>667 BAU/ml) to 7.1% (95% CI: 6.1-8.2). This 572 

process seems unusual, and we were unable to find a rational explanation for it. 573 

Regarding RBD Abs, their dynamics fit well into the characteristics of collective 574 

immunity development described above. In the 1st stage, RBD negative individuals 575 

(<22 BAU/ml) dominated. As collective immunity formed, RBD Ab titers naturally 576 

increased. This reached a maximum by stage III, wherein 64.9% (95% CI: 63.0-577 

66.8) of volunteers had high levels (>450 BAU/ml), which is quite consistent with 578 

vaccination dynamics (Fig. 1, 2). 579 
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 The obtained results of assessing volunteer plasma Nc and RBD Ab levels 580 

reflect the real state of collective immunity formed both naturally (via manifest 581 

and/or asymptomatic infection) and artificially (via vaccination) ways [21]. 582 

Regarding Nc Ab content, this largely reflects previous infection [3]. Insofar as the 583 

share of symptomatic COVID-19 cases did not exceed a sporadic level during the 584 

seromonitoring period, this situation inevitably manifested itself as low plasma Nc 585 

Ab levels in examined individuals [38]. 586 

 The results of SARS-CoV-2 seroprevalence analysis clearly indicate that 587 

collective immunity is a cumulative response to the combined interaction of two 588 

main factors: the natural reaction of the immune system to the introduction of a 589 

pathogenic agent into the body on the one hand; and the response to the use of 590 

specific vaccines against SARS-CoV-2 on the other. The result of this process was 591 

the formation of immune resistance, which consists of the harmonious interaction of 592 

the cellular and humoral components of the immune response [25, 29]. Since a 593 

detailed consideration of cellular factors of the immune response was not the scope 594 

of this study, we focused only on the humoral component: circulating Abs. The most 595 

important step in the fight against the COVID-19 pandemic is vaccine-based 596 

prevention, whose origins date to the time of E. Jenner, followed by the basic 597 

principles laid down in the 19th century by L. Pasteur.  598 

 The unprecedented, rapid development of vaccines on major technology 599 

platforms since the start of the COVID-19 pandemic is a clear example of the results 600 

of cooperation among the world's technologically advanced countries. Currently, at 601 

least four main types have been created: inactivated whole-virion vaccines, vector 602 

vaccines, mRNA vaccines, and peptide vaccines [17]. In addition, development of 603 

other preparations, including live attenuated vaccines, continues [19]. 604 

 As the Kyrgyz Republic does not have its own technologies or capacity to 605 

produce immunomodulatory drugs against SARS-CoV-2, vaccines obtained at 606 

different times and from different sources (purchases, humanitarian aid, etc.) were 607 

used. At various times, eight different vaccines were used from different platforms: 608 



HERD IMMUNITY IN KYRGYZ POPULATION                                               10.15789/2220-7619-MOC-17531 

КОЛЛЕКТИВНЫЙ ИММУНИТЕТ У НАСЕЛЕНИЯ КИРГИЗСКОЙ ПОПУЛЯЦИИ  

Medical Immunology (Russia)                                                            ISSN 1563-0625 (Print)  

                                                                                                                ISSN 2313-741X (Online) 

inactivated whole-virion vaccines, vector vaccines, mRNA vaccines, and peptide 609 

vaccines (Fig. 10). In the KR, preference was given to inactivated whole-virion 610 

vaccines, the leader among which was Sinopharm-BIBP (VeroCell). Its share, both 611 

in the KR overall and in the surveyed cohort, was maximal throughout all 612 

seromonitoring stages (Fig. 10, 11). 613 

 It was interesting to evaluate the attitude of volunteers towards vaccination, 614 

as reflected by the example of 920 individuals vaccinated in the first stage. By the 615 

2nd stage, 41.4% of volunteers refused re-vaccination, and by the 3rd stage their 616 

share increased to 61%. It can be assumed that the reason behind this was the belief 617 

that there was no need for this procedure against the backdrop of a decrease in 618 

COVID-19 incidence to a sporadic level (Fig. 1). To be fair, it is worth noting that 619 

the significant proportion of 'refusers' did not affect the state of collective immunity 620 

in the cohort. CGAP status exceeded 99% by stage III, with 88% being doubly 621 

seropositive (Nc+RBD+). 622 

 In this regard, it is logical to assume that vaccination of the population was 623 

carried out in the context of significant incidence, with a tendency not so much 624 

towards manifest COVID-19, but rather asymptomatic infection [30]. In such cases, 625 

even the primary single immunization of a person who already has some natural 626 

immunity after infection inevitably causes the most durable and long-lasting hybrid 627 

immunity [11, 31]. This thesis can be confirmed by the absence of a noticeable 628 

influence of “refusers” on the level of CGAP in the population (Fig. 2). 629 

 In this context, it can be suggested that stable adaptive immunity in the 630 

examined cohort could be due to vaccine usage structure. Among them, the leader 631 

remained the inactivated whole-virion preparation Sinopharm BIBP (in all stages). 632 

It, like any vaccine from such a platform, contained the maximum set of antigens 633 

necessary for formation of polyvalent adaptive immunity [34, 36, 40]. 634 

 635 

6. Conclusion 636 
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 The SARS-CoV-2 collective immunity that formed in the Kyrgyz Republic 637 

effectively blocked COVID-19 incidence. The main factor in adaptive humoral 638 

immunity was the high proportion of doubly seropositive (Nc+RBD+) individuals. 639 

The widespread use of inactivated whole-virion vaccines was accompanied by a 640 

significant increase in the seroprevalence of SARS-CoV-2 antibodies and a decrease 641 

in COVID-19 incidence to a sporadic level. 642 
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FIGURES 

Figure 1. Dynamics of COVID-19 incidence and vaccination in the Kyrgyz 

population. 

 

 

Note: blue line – incidence rates throughout the COVID-19 epidemic among the Kyrgyz population; orange 

line – the share of people who completed vaccination (%); left vertical axis – the number of patients per 

100,000 population; right vertical axis – share of individuals who fully completed vaccination; horizontal 

axis – week numbers of the year.
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Figure 2. Shares of seropositive (CGAP) and seronegative (NSG) individuals of 

different ages throughout seromonitoring. 
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Figure 3. Changes in peripheral Nc and RBD Ab levels in volunteers of different 

ages throughout seromonitoring. Letters above diagrams: A – 1st stage; B – 2nd 

stage; C – 3rdstage of the study. 
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Figure 4. Seropositive (CGAP) and seronegative (NSG) volunteers by Kyrgyz 

region throughout  seromonitoring.  
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Figure 5. Humoral immunity dynamics (Nc, RBD Abs) among volunteers by 

Kyrgyz region. Vertical black lines are 95% confidence intervals. Letters above 

diagrams: A – stage I, B – stage II, C – stage III of analysis. Note: C – city; R – 

region.   
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Figure 6. Shares of seronegative (NSG) and seropositive (CGAP) volunteers in 

different professional groups throughout seromonitoring. Vertical black lines are 

95% confidence intervals. 
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 Figure 7. Humoral immunity dynamics (Nc, RBD Abs) among volunteers by 

professional group. Vertical black lines are 95% confidence intervals. Letters above 

the diagrams: A – stage I, B – Stage II, C – stage   III of the study. 
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 Figure 8. Distribution of Nc Ab levels in the volunteer cohort by age group. Letters 

above diagrams: A – stage I, B – stage II, C – stage III of analysis. Black vertical 

line are 95% confidence intervals. 
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Figure 9. Distribution of RBD Ab levels in the volunteer cohort by age. Letters 

above the diagrams: A – 1st stage, B – 2nd stage, C – 3rd stage of the study. Black 

vertical lines are 95% confidence intervals. Antibody levels are in BAU/ml. 
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    Figure 10. Usage structure of vaccines used to immunize the Kyrgyz population 

against coronavirus throughout seromonitoring. 
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Figure. 11. Structure of coronavirus vaccines administered to participants in the 

volunteer cohort at the stages of seromonitoring. Stage I - primary vaccination; 

stages II and III – booster revaccinations. The vaccines used were grouped into the 

type of technology platform: inactivated whole virion (Inactivated), vector (Vector), 

mRNA, peptide Peptide). Red areas – the proportion of people who refused 

immunization at any stage 
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  Figure 12. Age distribution of vaccine platform usage. Letters above charts: A – 

stage I; B – stage II;   C – stage III of the study. Y-axis: vaccine platform. Bars 

indicate volunteers vaccinated, %. When constructing the distributions for stages II 

and III, those refusing vaccination, and/or those unable to specify the type of vaccine 

received, were not taken into account. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vectors
mRNA

Others
Inactivated

0

10

20

30

40

50

1-17 18-29 30-39 40-49 50-59 60-69 70+

U
sa

ge
, %

Age intervals, yrs.

2nd Stage

Vectors mRNA Others Inactivated

Vectors
Others

Inactivated

0

10

20

30

40

50

1-17 18-29 30-39 40-49 50-59 60-69 70+

U
sa

ge
, %

Age intervals, yrs.

1st Stage

Vectors Others Inactivated



HERD IMMUNITY IN KYRGYZ POPULATION                                               10.15789/2220-7619-MOC-17531 

КОЛЛЕКТИВНЫЙ ИММУНИТЕТ У НАСЕЛЕНИЯ КИРГИЗСКОЙ ПОПУЛЯЦИИ  

Medical Immunology (Russia)                                                            ISSN 1563-0625 (Print)  

                                                                                                                ISSN 2313-741X (Online) 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

Vectors
mRNA

Inactivated

0

10

20

30

40

50

1-17 18-29 30-39 40-49 50-59 60-69 70+

U
sa

ge
, %

Age intervsls, yrs

3rd Stage

Vectors mRNA Inactivated



HERD IMMUNITY IN KYRGYZ POPULATION                                               10.15789/2220-7619-MOC-17531 

КОЛЛЕКТИВНЫЙ ИММУНИТЕТ У НАСЕЛЕНИЯ КИРГИЗСКОЙ ПОПУЛЯЦИИ  

Medical Immunology (Russia)                                                            ISSN 1563-0625 (Print)  

                                                                                                                ISSN 2313-741X (Online) 

TABLES 

Table 1. Distribution of volunteers by age. 

Age interval, 

years 

N % 

1-17 123 5.1 (4.3-6.1) 

18-29 223 9.2 (8.1-10.5) 

30-39 371 15.4 (13.4-16.9) 

40-49 525 21.8 (20.2-23.5) 

50-59 601 24.9 (23.2-26.7) 

60-69 426 17.7 (17.4-19.2) 

70+ 142 5.8 (4.9-6.8) 

Overall 2411 100 

 

 

Table 2. Distribution of volunteers by place of residence. 

City or region N % 

Bishkek City 287 11.9 (7.5-13.3) 

Osh Region 262 10.9 (9.6-12.1) 

Batken Region 208 8.6 (7.5-9.8) 

Jalal-Abad Region 554 23.0 (21.3-

24.7) 

Talas Region 334 13.8 (10.7-

15.3) 

Issyk-Kul Region 266 11.0 (9.8-12.4) 

Naryn Region 337 13.8 (10.7-

15.2) 

Chui Region 163 6.8 (5.8-7.8) 

Overall 2411 100 

 

 

Table 3. Distribution of volunteers by occupation. 

Occupation N % (95% CI) 

Healthcare 139

3 
57.8  (55.8-59.7) 

Science, education, the arts 163 6.8 (5.6-7.8) 

Business, transport, 

manufacturing 
98 4.1 (3.3-4.9) 

Civil servants, office military 

personnel 
198 8.2 (7.2-9.4) 

Unemployed 132 5.5 (4.6-6.5) 
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Pensioners  244 10.1 (8.9-11.4) 

Child, pupil, student 105 4.4 (3.6-5.2) 

Other 78 3.2 (2.6-4.0) 

Overall 241

1 
100 
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