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Abstract

This study aimed to analyse the seroprevalence of SARS-CoV-2 in Kazakhstan. This is a cross-
sectional study of adult population in Kazakhstan for the period from October 2021 to May 2022.
For the study, 6 720 people aged 18 to 69 were recruited (from 17 regions). The demographic data
were collected and analysed. Gender was evenly distributed (males 49.9%, females 50.1%).
Women exhibited a higher seroprevalence than men (IgM 20.7% vs 17.9% and IgG 46.1% vs
41.5%). The highest prevalence of IgM was found in the age group of 30-39. However, the
highest prevalence of IgG was detected in the age group of 60-69. The seroprevalence of IgG
increased across all groups (from 39.7% in 18-29 age groups to 53.1% in 6069 age groups). The
odds for a positive test were significantly increased in older age groups 50-59 (p < 0.0001) and
60—69 (p < 0.0001). The odds of a positive test were 1.12 times higher in females compared to
males (p = 0.0294). The odds for a positive test were significantly higher in eight regions (Astana,
Akmola, Atyrau, Western Kazakhstan region, Kostanai, Turkestan, Eastern Kazakhstan region,
and Shymkent) compared to Almaty city. The odds of a positive test were three times higher in
Astana and the Western Kazakhstan region than in Almaty city. In urban areas, the odds of a
positive test were 0.75 times lower than in rural areas (p < 0.0001). The study’s results showed an
adequate level of seroprevalence (63%) that exceeds the essential minimum of herd immunity
indicators in the country. There was significant geographic variability with a higher prevalence
of IgG/IgM antibodies to SARS-CoV-2 in rural areas.

Introduction

The rapid spread of the severe acute respiratory coronavirus 2 (SARS-CoV-2 / COVID-19) was
declared a pandemic by the World Health Organization (WHO) in March 2020 [1]. In Kazakh-
stan, the first cases of coronavirus infection were recorded in mid-March 2020 [2]. A high
incidence and mortality rate from COVID-19-like pneumonia was detected [3]. According to
WHO statistics (early 2023), there were 1 496 390 confirmed cases of COVID-19 with 19 065
deaths [4]. Apart from the adult population [2], cases of COVID-19 infection were recorded in
children too [5]. In addition, cases of outbreaks were also observed in the country’s different
regions as well as in healthcare organisations [6, 7].

The actual statistics on confirmed cases and deaths could help monitor and analyse the
evolution of the disease. However, such information is not ideal to estimate the proportion of the
population infected. It is an important indicator for the analysis of the COVID-19 epidemio-
logical situation and the development of policy strategies [8].

Seroprevalence studies are of paramount importance for estimating the proportion of the
population that has already developed antibodies to the virus and could potentially be protected
from subsequent infection [9]. The antibodies are a marker of complete or partial immunity. The
information about antibodies could help to estimate the proportion of the population that
remains susceptible to the virus [10]. A study was previously conducted to assess the seropreva-
lence of SARS-CoV-2 among the population of Kazakhstan in the period from 2020 to 2021
[11]. Nonetheless, this study was based on the analysis of antibodies to the SARS-CoV-2 virus in
self-reported individuals, which cannot truly represent the level of seroprevalence of the entire
population as a whole. Other studies conducted on the territory of Kazakhstan on the prevalence
of antibodies to COVID-19 infection were limited to the local geographical location [12], and
were based on a rather small sample size [13]. For example, one retrospective cohort study
examined data from patients with laboratory-confirmed cases of COVID-19 [14]. However, the
study period was short, which included only one-third of all laboratory-confirmed cases of
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COVID-19 in March—April 2020 (in Kazakhstan). There was the
heterogeneous quality of medical record data, and the limited
availability and lack of data for some variables. Moreover, there
were other factors and weak sides, including the deficiency of
information on performance characteristics of COVID-19 diagnos-
tic tests across the country, small sample size, and insufficient
capacity to assess associations of viral diversity with clinical out-
comes [14].

One of the main means of combating a pandemic is the
availability of an effective vaccine to control the spread of a deadly
virus. The level of vaccination affects the establishment of an
immune response as a preventive measure for reinfection
[15]. An earlier study focused on the analysis of a vaccination
survey in Kazakhstan [16]. However, this study had limitations
due to a small sample size and some errors in the study’s sampling
method. As of 31 December 2022, a total of 33 496 177 vaccine
doses were administered in Kazakhstan according to WHO
[4]. Nevertheless, there are no data on SARS-CoV-2 seropreva-
lence based on vaccination status.

Serologic testing is the best tool to determine the spread of
infectious disease, especially when there are asymptomatic cases
or incomplete identification of symptomatic individuals [17]. In
this regard, given the lack of comprehensive epidemiological data at
the national level, all of the above-mentioned facts indicate the need
for a large-scale study of seroprevalence for the SARS-CoV-2 virus.
Thus, the purpose of this study was to determine the seroprevalence
of SARS-CoV-2 in Kazakhstan in the period from October 2021 to
May 2022.

Methods
Ethical issues

The study was approved by the Local Ethics Committee of the
S.D. Asfendiyarov Kazakh National Medical University, Almaty,
Republic of Kazakhstan (protocol of the Local Ethics Commission
No. 12 (118) of 28.09.2021). Moreover, the study was registered
with ClinicalTrials.gov (NCT05122832).

Study design and population

This is a cross-sectional study of the adult population in Kazakhstan
for the period from October 2021 to May 2022. We recruited 6 720
people aged 18 to 69 throughout Kazakhstan (17 regions including
the cities of Almaty, Astana, and Shymkent). Participation in the
study was completely voluntary.

Study setting

Kazakhstan is located in Central Asia. It is administratively divided
into 14 regions with 177 districts and cities. In addition, Kazakhstan
has three cities of ‘republican significance’: Astana, (the capital city,
previously known as ‘Nur-Sultan’), Almaty, the former capital city,
and Shymbkent, the third largest city in KZ. In general, urban areas
are considered as the town or city, and rural areas as the district. The
country’s population is around 20 million people, and the popula-
tion density is 6 people per square kilometre. The majority of
inhabitants reside in urban areas [18].

Sampling

We used a weighted, multistage, cluster sampling method and
included eight groups with a division into four age groups —
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18-29 years, 30—44 years, 45-59 years, 60—69 years — as well as
with stratification by sex (men and women) in each age group. The
study sample size was determined using the WHO?’s special STEPS
tool (sample_size_calculator Excel format) via the following
methodology:

Probability value for 95% confidence interval - 1.96;
Estimated prevalence of the risk factors - 0.5;
Margin of error - 0.05;

Design effect —1.5;

Anticipated response rate - 70%.

The preliminary calculation resulted in the sample size of n = 6585.

In the first stage, we selected the primary sampling units: dis-
tricts and cities. The primary sampling units (clusters) were
proportionally selected among all economic regions. Informa-
tion about districts and cities (Almaty, Astana, and Shymkent
cities) and all 14 regions was received from the Bureau of
National Statistics, Agency for Strategic Planning and the
Republic of Kazakhstan [18].

In the second stage, we selected the secondary sampling units
(SSU) of Primary Health Care facilities (PHC), which provide
medical care for the local population. For a selection of SSUs, we
used data from the Republican state enterprise on the right of
economic management, the ‘Republican Centre for Healthcare
Development’ of the Ministry of Health of the Republic of
Kazakhstan [18]. A register of PHC facilities was obtained with
an indication of the number of people served. SSUs were selected
by random sampling method and with a probability proportional
to the number of populations served in each PHC facility.

In the third stage, we selected the tertiary sampling units:
households and respondents. The size of households per PHC
facility was calculated using the following formula:

Household sizeper PHCfacility = 6585/240 ~ 28

Then we calculated the final total sample size: Final Total
Sample Size = 240 x 28 = 6720.

For the selection of households, a list of households served by
chosen PHC facilities was obtained. Households were randomly
selected from each facility using the Randhold.xls tool to participate
in the study. The final selection of respondents aged 18-69 from
each selected household was carried out using the Kish method.
This was done using a special methodology, including a random
selection of the respondent depending on the sex and age of all
residents of the household that meet the criteria for inclusion in this
study.

Covariates

The zero-positivity rates were evaluated as >1.4 for IgG and > 1 for
IgM. Age groups were categorised as follows: 18-29, 30-39, 40—49,
50-59, 60—69. Gender was categorised as male and female. Data on
place of residence was categorised as urban and rural. The regional
data was represented as all 14 regions and 3 cities. Ethnicity was
categorised as Kazakh, Russian, Uzbek, Ukraine, Uighur, Tatar, and
others.

According to the questionnaire used, the study participants were
asked questions with multiple choice answers: Have you ever had
COVID-19? (answers: yes, no); How were you diagnosed with
COVID-19 infection? (answers: PCR method, rapid test, IgG test,
IgM test, X-ray / computed tomography, clinical methods, and
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other methods); Have you been vaccinated against COVID-19?
(answers: yes, no, I don’t know); What type of vaccine did you
receive? (answers: Sputnik V, QazVac, Hayat-Vax, Corona Vac,
Pfizer-Biontech, AstraZeneca, Moderna, other); How many doses
of vaccine did you receive? (one, two, I don’t know).

Laboratory methods

Seroprevalence was determined using a commercially available
Abbott Alinity™ automated immunoassay analyser SARS-Test for
IgM and IgM antibodies to SARS-CoV-2 [19].

The delivery of laboratory tests for antibodies to the SARS-CoV-
2 virus was carried out in the branches of the private largest medical
laboratories located in all regions of Kazakhstan. The interpretation
of the test for the qualitative determination of IgM to the SARS
Cov-2 virus was done as follows: <1.0 s/c -negative; >1.0 s/s is
positive. Analytical reproducibility-2.9%. Positive consistency: 8—
14 days after the onset of symptoms 79.56%, 15-30 days 91.26%,
and more than 31 days 94.74%. The predictive value of a positive
result is 92.07%. The predictive value of a negative result is 99.82%.

The interpretation of the test for the qualitative determination of
IgG in the SARS-Cov-2 virus was done as follows: <1.4 s/c -nega-
tive; >1.4 s/c is positive. Analytical reproducibility-5.9%. Positive
agreement: 8-14 days after the onset of symptoms 86.36%, 15—
30 days 100%. Negative consistency: 99.63%.

Our survey protocol was based on the WHO protocol for testing
for antibodies to COVID-19 at the population level [20, 21].

Statistical analysis

The statistical analyses were processed via SAS OnDemand for
Academics (release 3.81, Carry, NC, USA). Categorical variables
were expressed as frequency and percent. We used the Chi-square
test and Fisher’s exact test to assess differences and associations
between categorical variables. Ninety-five percent confidence inter-
vals (ClIs) were calculated. The data were weighted taking into
account the sex and age distribution of the population of Kazakh-
stan. Continuous variables were expressed as mean and standard
deviation (SD) and were analysed using a one-way analysis of
variance. The Kruskal-Wallis test was used for comparison of
non-normally distributed continuous variables and presented as
median (interquartile range). We used logistic regression to esti-
mate odds ratios (ORs) and 95% confidence intervals (CIs). The
alpha level was set up at 0.05, considering it statistically significant.

Results

We analysed IgG and IgM antibody levels to SARS-CoV-2 in 6720
healthy persons from 14 regions and 3 major cities of Kazakhstan.
The overall median age of participants was 39 years. Table 1 shows
the demographic characteristics of the participants.

More than half of the participants were in the 18-29 (25.7%) and
30-39 (25.1%) age groups. Gender was almost evenly distributed
(males 49.9%, females 50.1%). Participants who live in urban areas
accounted for 65.5% (n = 4401). Almaty city (8.3%), Almaty region
(8.3%), and Turkestan region (8.3%) had more participants
(560 each) than other regions. The majority of the participants
were Kazakhs (65.1%) and Russians (23.1%). The median educa-
tion was 14 years. Most of the participants were private sector
workers (38.45%), state employees (12.69%), and budget employees
(12.2%) (Table 1).
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Table 1. Demographic characteristics of the participants
Characteristics Count Percent
Age in years, median 6720 39.00
Age
18-29 1728 25.71
30-39 1688 25.12
40-49 1310 19.49
50-59 1159 17.25
60-69 835 12.43
Gender
Male 3365 50.07
Female 3355 49.93
Education in years, median 6720 14.00
Place of residence
Urban 4401 65.49
Rural 2319 34.51
Occupation
State employee 853 12.69
Private sector worker 2584 38.45
budget employee 820 12.2
Entrepreneur 552 8.21
Agricultural worker 50 0.74
Student 291 433
Housewife 501 7.46
Retiree 648 9.64
unemployed (able to work) 334 497
unemployed (unable to work) 58 0.86
Refused to answer 29 0.43
Region
Nur-Sultan c. 448 6.67
Almaty c. 560 8.33
Akmola r. 336 5.00
Aktobe r. 336 5.00
Almaty r. 560 8.33
Atyrau r. 336 5.00
Western Kazakhstan r. 224 333
Zhambyl r. 448 6.67
Karaganda r. 448 6.67
Kostanai r. 336 5.00
Kyzylorda r. 336 5.00
Mangistau r. 336 5.00
Turkestan r. 560 8.33
Pavlodar r. 336 5.00
North Kazakhstan r. 224 3.33
Eastern Kazakhstan r. 448 6.67
(Continued)
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Table 2. Prevalence of antibodies to SARS-CoV-2

Characteristics Count Percent
Shymkent c. 448 6.67

Ethnicity
Kazakh 4374 65.09
Russian 1550 23.07
Uzbek 202 3.01
Ukraine 110 1.64
Uighur 37 0.55
Tatar 117 1.74
Others 323 4.81
Refused to answer 7 0.1

The results showed that the women had a higher seroprevalence
than men (IgM 20.7% vs 17.9% and IgG 46.1% vs 41.5%). The
highest prevalence of IgM was found in the age group of 30-39.
However, the highest prevalence of IgG was found in the age group
of 60—69. The seroprevalence of IgG was found to increase with age
(from 39.7% in the 18-29 age group to 53.1% in the 60—69 age
group). Rural areas had more seroprevalence of IgG than urban
areas. The higher seroprevalence of IgM was found in the Kyzylorda
region (37.8%); in contrast, the lowest seroprevalence was found in
the Turkestan region (12.9%). The seroprevalence of IgM in the
majority of regions ranged between 15% and 22%. The higher
seroprevalence of IgG was found in the Western Kazakhstan region
(64.7%); in contrast, the lowest seroprevalence was found in three
regions: Karaganda (30.6%), North Kazakhstan region (30.8%), and
Mangistau (30.9%) (Figure 1). In terms of occupation, the preva-
lence of IgM was higher among agriculture workers (28%) and
those who refused to answer this question (27.59%). A higher
prevalence of IgG was observed among retired participants
(52.47%) and who refused to answer this question (48.28%).

The seroprevalence of IgG in the majority of regions ranged
between 30% and 47%. The range of seroprevalence in IgM by main
ethnic groups was from 14.4% to 21.8%. The seroprevalence in IgM
in the dominant ethnic groups such as Kazakhs and Russians were
19.2% and 20.2%, respectively. The range of seroprevalence in IgG
by ethnic groups was from 36.8% to 49.1%. The seroprevalence in
IgG in the major ethnic groups such as Kazakhs and Russians were
44.1% and 44.2%, respectively (Table 2).

Table 3 includes the questions related to the diagnosis and
vaccination of participants by IgM antibody to SARS-CoV-2. Posi-
tive cases were more likely to have had SARS-CoV-2 (30.9%,
p < 0.0001). Participants with a positive IgM antibody test were
more likely to have been diagnosed with a PCR test than partici-
pants with a negative IgM antibody test (60.2% vs 55.7%,
p = 0.0384). Those with negative IgM antibody tests were more
likely to have received a vaccine for coronavirus than those with
positive IgM antibody tests. However, it was not statistically sig-
nificant (p = 0.2107). The patients with negative cases were more
likely to have taken the Sputnik V vaccine (compared to positive
cases) (77.1% vs 74.9%, p < 0.0001).

Table 4 includes the questions related to the diagnosis and
vaccination of participants by IgG antibody to SARS-CoV-2. Posi-
tive cases were more likely to have had SARS-CoV-2 (31.8%,
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IgM 1gG
Characteristics Total N (%) Positive % (n) Positive % (n)
Age
18-29 1728 (25.71) 16.03 (277)  39.70 (686)
30-39 1688 (25.12) 21.21(358)  41.88 (707)
40-49 1310 (19.49) 19.92 (261) 42.29(554)
50-59 1159 (17.25) 20.19 (234)  47.63 (552)
60-69 835 (12.43) 20.00 (167)  53.05 (443)
Gender
Male 3365 (50.07) 17.92 (603)  41.52 (1397)
Female 3355 (49.93) 20.69 (694)  46.05 (1545)
Occupation
State employee 853 (12.69) 20.05 (171) 40.68 (347)
Private sector worker 2584 (38-45) 18.07 (467) 41.91 (1083)
budget employee 820 (12.2) 19.15(157)  46.46 (381)
Entrepreneur 552 (8.21) 20.47 (113) 43.30 (239)
Agricultural worker 50 (0.74)  28.00 (14) 42.00 (21)
Student 291 (4.33) 15.12 (44)  37.80 (110)
Housewife 501 (7.46) 21.76 (109)  45.51 (228)
Retiree 648 (9.64) 19.91 (129)  52.47 (340)
unemployed (able to work) 334 (4.97)  22.46 (75) 45,51 (152)
unemployed (unable to work) 58 (0.86)  17.24 (10) 46.55 (27)
Refused to answer 29 (0.43) 27.59 (8) 48.28 (14)
Place of residence
Urban 4401 (65.49) 19.02 (837) 41.58 (1830)
Rural 2319 (3451) 19.84 (460)  47.95 (1112)
Region
Nur-Sultan c. 448 (6.67)  14.73 (66) 59.82 (268)
Almaty c. 560 (8.33) 18.93 (106)  33.57 (188)
Akmola r. 336 (5.00) 19.94 (67) 58.33 (196)
Aktobe r. 336 (5.00) 21.43(72)  34.23 (115)
Almaty r. 560 (8.33) 22.50 (126)  33.57 (188)
Atyrau r. 336 (5.00) 13.69 (46)  52.98 (178)
Western Kazakhstan r. 224 (3.33)  19.64 (44) 64.73 (145)
Zhambyl r. 448 (6.67) 22.54 (101)  35.04 (157)
Karaganda r. 448 (6.67)  20.09 (90) 30.58 (137)
Kostanai r. 336 (5.00) 15.18 (51) 61.01 (205)
Kyzylorda r. 336 (5.00) 37.80 (127)  42.56 (143)
Mangistau r. 336 (5.00) 1637 (55)  30.95 (104)
Turkestan r. 560 (8.33) 12.86(72) 46.79 (262)
Pavlodar r. 336 (5.00) 26.79 (90)  34.23 (115)
North Kazakhstan r. 224 (3.33)  20.09 (45) 30.80 (69)
Eastern Kazakhstan r. 448 (6.67)  15.85 (71) 60.04 (269)
Shymkent c. 448 (6.67)  15.18 (68) 45.31(203)
(Continued)
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Table 2. (Continued) Table 4. Characteristics of I1gG
IgM 18G Total Positive Negative p-value
Characteristics Total N (%) Positive % (n) Positive % (n)
SARS Cov-2 <0.0001
Ethnicity
Yes 1680 (25.00) 936 (31.82) 744 (19.69)
Kazakh 4374 (65.09) 19.16 (838)  44.06 (1927)
No 4751 (70.70) 1878 (63.83) 2873 (76.05)
Russian 1550 (23.07)  20.19 (313) 44.19 (685)
Do not know 289 (4.30) 128 (4.35) 161 (4.26)
Uzbek 202 (3.01)  14.36 (29) 39.60 (80)
Diagnosis confirmed <0.0001
Ukraine 110 (1.64)  21.82 (24) 49.09 (54)
PCR 954 (56.79) 584 (62.39) 370 (49.73)
Uighur 37(0.55)  21.62(8) 43.24 (16)
Express test 24 (1.43) 12 (1.28) 12 (1.61)
Tatar 117 (1.74)  18.80 (22) 36.75 (43)
IgG test 40 (2.38) 22 (2.35) 18 (2.42)
Others 323 (4.81) 18.89 (61)  40.56 (131)
IgM test 15 (0.89) 7(0.75) 8 (1.08)
Refused to answer 7(0.10) 28.57 (2) 85.71 (6)
X-ray/CT 181 (10.77) 109 (11.65) 72 (9.68)
Clinical 207 (12.32) 76 (8.12) 131 (17.61)
Table 3. Characteristics of g Other 259 (15.42) 126 (13.46) 133 (17.88)
. i Vaccine 0.0287
Total Positive Negative p-value
Yes 4758 (70.80) 2034 (69.14) 2724 (72.10)
Sl <0.0001 No 1950 (29.02) 902 (30.66) 1048 (27.74)
Yes 1680 (25.00) 402 (30.99) 1278 (23.57) Do not know 12 (0.18) 6 (0.20) 6 (0.16)
No 4751 (70.70) 848 (65.38) 3903 (71.97) Type of Vaccine 0.0001°
Reliodon 2 (8 B Rl ) Sputnik V 3648 (76.67) 1420 (69.81) 2228 (81.79)
LG e GonfiTst 0.0384 QazVac 328 (6.89) 193 (9.49) 135 (4.96)
PCR 954(56.79) 242(6020) 712 (55.71) Hayat-Vax 359 (7.55) 194 (9.54) 165 (6.06)
Express test 2t I Dk Corona Vac 153 (3.22) 93 (4.57) 60 (2.20)
lgG test < Ae) el gl Pfizer-Biontech 96 (2.02) 44 (2.16) 52 (1.91)
IgM test 15 (0.89) 1(0.25) 14 (1.10) AstraZeneca 2 (0.04) 0 2 (0.07)
X-ray/CT 181 (10.77) 53 (13.18) 128 (10.02) Moderna 1(0.02) 1(0.05) 1(0.05)
Clinical 207 (12.32) 40(9.95 167 (13.07) Other 171 (3.59) 89 (4.38) 82 (3.01)
Other 259 (15.42) 49 (12.19) 210 (16.43) T e o
Vaccine 0.2107 One 264 (5.55) 134 (6.59) 130 (477)  0.0157
Yes 4758 (10.80) 893 (68.85) 3865 (71.27) Two 4472(93.99) 1893 (93.07) 2579 (94.68)
No 1950 (29.02) 401 (30.92) 1549 (28.56) T D) o 15 (053]
Do not know 12 (0.18) 3(0.23) 9(0.17) )
“Fisher’s exact test.
Type of Vaccine <0.0001°
Sputnik V 3648 (76.67) 669 (74.92) 2979 (77.08)
QazVac 328 (6.89) 55 (6.16) 273 (7.06) p < 0.0001). Participants with a positive IgG antibody test were
HavatV o —— G B more likely to have been diagnosed with a PCR test than partici-
ayarex : : : pants with a negative IgG antibody test (62.4% vs 49.7%,
Corona Vac 153 (3.22) 34 (3.81) 119 (3.08) p < 0.0001). Those with negative IgG antibody tests were more
Pfizer-Biontech 96 (2.02) 17 (1.90) 79 (2.04) likely to have received a vaccine for coronavirus than those with
positive IgG antibody tests (72.1% vs 69.1%, p = 0.0287). The
AstraZeneca 2(0.04) 0 2(0.05) . . . .
patients with negative cases were more likely to have taken the
Moderna 1(0.02) 0 1(0.03) Sputnik V vaccine (compared to positive cases) (81.8% vs 69.8%,
Other 171 (3.59) 46 (5.15) 125 (3.23) p <0.0001).
) Table 5 illustrates the logistic regression of the influencing
Number of vaccine doses 0.5013 . . . .
factors for the IgG antibody positive rate. By increasing age, the
One 264 (5.55) 53 (5.94) 211 (5.46) IgG antibody positive rate increases. The odds for a positive test
Two 4472 (93.99) 834 (9339) 3638 (94.13) were significantly increased in older age groups — 50-59
(p < 0.0001) and 60-69 (p < 0.0001). The odds of a positive test
Do not know 22 (0.46) 6 (0.67) 16 (0.41)

Fisher’s exact test.
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were 1.12 times higher in females compared to males (p = 0.0294).
The odds for a positive test were significantly higher in eight regions
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Table 5. Binary logistic regression of the influencing factors for IgG antibody

positive rate

1gG antibody
positive
Variables rate (%) P-value OR 95% ClI
Age
18-29° 39.70 = - —
30-39 41.88 0.2186 1.09 0.95-1.26
40-49 42.29 0.2525 1.09 0.94-1.27
50-59 47.63 <.0001 137 1.16-1.59
60-69 53.05 <.0001 1.70 1.42-2.02
Education 0.4484 0.99 0.97-1.01
Gender
Male® 41.52 - - -
Female 46.05 0.0294 1.12 1.01-1.24
Occupation
State employee® 40.68 - - -
Private sector worker 41.91 0.0448 1.185 1.004-1.39
Budget employee 46.46 0.0752 1.202 0.98-1.47
Entrepreneur 43.30 0.0687 1.234 0.98-1.55
Agricultural worker 42.00 0.9702 0.989 0.54-1.79
Student 37.80 0.5156 1.106 0.82-1.49
Housewife 45.51 0.0336 1.293 1.02-1.64
Retiree 52.47 0.2347 1.198 0.89-1.61
Unemployed (able to work) 45.51 0.0274 1.351 1.03-1.76
Unemployed (unable to work) 46.55 0.2501 1.382 0.79-2.39
Refused to answer 48.28 0.1462 1.762 0.82-3.78
Region
Almaty c.” 33.57 = = =
Nur-Sultan c. 59.82 <.0001 3.09 2.38-4.00
Akmola r. 58.33 <.0001 238 1.78-3.17
Aktobe r. 34.23 0.7770 0.96 0.72-1.28
Almaty r. 33.57 0.1182 0.81 0.62-1.06
Atyrau r. 52.98 <.0001 2.04 1.53-2.70
Western Kazakhstan r. 64.73 <0001 3.23 2.32-4.50
Zhambyl r. 35.04 0.4938 0.91 0.69-1.20
Karaganda r. 30.58 0.1469 0.82 0.63-1.07
Kostanai r. 61.01 <.0001 2.80 2.11-3.73
Kyzylorda r. 42.56 0.1207 1.56 0.94-1.68
Mangistau r. 30.95 0.2588 0.84 0.63-1.13
Turkestan r. 46.79 0.0032 147 1.14-1.91
Pavlodar . 34.23 0.8390 0.97 0.73-1.30
North Kazakhstan r. 30.80 0.0971 0.75 0.53-1.05
Eastern Kazakhstan r. 60.04 <.0001 2.68 2.06-3.49
Shymkent c. 45.31 <.0001 1.71 1.32-2.21

(Continued)
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Table 5. (Continued)

1gG antibody
positive
Variables rate (%) P-value OR 95% ClI
Place of residence
Rural® 41.58 - - -
Urban 47.95 <.0001 0.75 0.66-0.85
®Reference.

(Astana, Akmola, Atyrau, Western Kazakhstan region, Kostanai,
Turkestan, Eastern Kazakhstan region, and Shymkent) compared
to Almaty city. The odds of a positive test were three times higher in
Astana and Eastern Kazakhstan region than in Almaty city. In
urban areas the odds of a positive test were 0.75 times lower than
in rural areas (p < 0.0001). The odds of a positive test were
significantly higher among private sector workers (p = 0.0448),
housewives (p = 0.0336), and the unemployed (able to work)
(p = 0.0274) compared to state employees.

Discussion

This cross-sectional study is the first large-scale research on
COVID-19 seroprevalence among the entire adult population of
17 regions of Kazakhstan. The selection of study participants was
carried out according to a special methodology, including random
selection of the respondent depending on the sex and age of all
household residents who meet the inclusion criteria in this study.
The study period covered October 2021-May 2022.

According to the WHO recommendations, monitoring changes in
seroprevalence over time is critical at the start of an epidemic to predict
its dynamics and plan an adequate public health response [20].

In fact, antibody titters may decrease over time [9]. Currently,
the persistence of antibodies post COVID-19 infection is not
precisely known. Therefore, the period of infection in participants
who tested positive for COVID-19 antibodies is not possible to
indicate in this study. In the period July—August 20211, the Delta
strain of coronavirus infection was spreading in Kazakhstan
[22]. The study results indicate that the prevalence of IgM was
relatively high in participants aged 3039 years, while IgG prevailed
in participants aged 60—69 years.

In our study, in terms of IgM and IgG, women had higher
seroprevalence rates compared with men. Moreover, according to
the results of the logistic regression analyses, the probability of
having IgG to the SARS-CoV-2 virus is 1.12 times higher in women
compared to men (p = 0.0294). This finding is consistent with the
results of other studies [23]. However, many studies do not confirm
the existence of a relationship between the prevalence of antibodies
to COVID-19 and gender [9, 24].

The analysis revealed that SARS-CoV-2 seroprevalence varied
across geographic regions, for instance, between urban and rural
areas. In fact, urban areas are denser populated than rural areas,
which may affect the faster spread of the virus [25]. We observed
that IgG seroprevalence was higher in rural areas than in urban
areas. Nevertheless, earlier studies of COVID-19 cases in 2020
showed a prevalence of infection among urban residents [2]. It
may have been due to lower detection rates and a shortage of
diagnostic tests at the beginning of the COVID-19 pandemic in
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Figure 1. The prevalence of IgM and 1gG antibodies to the SARS Cov-2 virus in the Republic of Kazakhstan for the period October 2021 to May 2022.

rural areas. This finding has been also supported by the results of
other studies, indicating that a high population density (in large
urban areas) forced the use of strict non-pharmacological meas-
ures, such as quarantine and social distancing practices. It led to the
reduction of the spread of infection among the urban population
[26]. It encompasses wearing masks as an effective and preventive
public health tool against the spread of the virus. In turn, some
studies have found a lower frequency of mask use in public places in
rural areas compared to urban ones [27]. Moreover, in most rural
areas, there is no public effective health infrastructure, which is
often under-resourced, including diagnostic service [28]. This fact
can also impact the understanding of the true prevalence of anti-
bodies to the SARS-CoV-2 virus.
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A higher IgM seroprevalence was detected in the Kyzylorda
region (37.8%), whilst the lowest seroprevalence was found in the
Turkestan region (12.9%). A higher IgG seroprevalence was
detected in the Western region (64.7%). At the same time, the
lowest seroprevalence was found in three regions: Karaganda
(30.6%), Northern Kazakhstan (30.8%), and Mangistau (30.9%).

According to the answers of the respondents, the presence of
IgM and IgG antibodies in the blood serum confirmed the inci-
dence of COVID-19 (according to the anamnesis) (p < 0.0001).

Our findings indicate that the level of positive IgG antibodies
increased over time. A statistically significant relationship was
determined with a positive test result for the presence of IgG to
the SARS-CoV-2 virus and ages 50-59 years and 60-69 years
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(p < 0.0001). The chances of a positive test result were significantly
higher in eight regions (Astana, Akmola region, Atyrau, West
Kazakhstan region, Kostanay, Turkestan, East Kazakhstan region,
Shymkent) compared to Almaty city. The number of positive tests
was three times higher in the city of Astana and the Western
Kazakhstan region than in the city of Almaty.

Herd immunity occurs when a certain subset of a population is
immune to a given infectious disease, reducing the likelihood that
the disease will be transmitted from one individual to another,
thereby helping to protect the entire population from that disease
[29]. On 1 February 2021, vaccination against COVID-19 began in
Kazakhstan using a vaccine against the Gam-COVID-Vac viral
vector (‘Sputnik V’) produced in Russia [30]. In our study, parti-
cipants who tested negative for IgG antibodies were more likely to
receive the coronavirus vaccine than those who tested positive for
IgG antibodies (p = 0.0287). Moreover, respondents with negative
IgM and IgG results for the SARS-CoV-2 virus were relatively more
likely to confirm vaccination with the Sputnik V vaccine than
positive cases (77.1% versus 74.9%, p < 0.0001).

The use of serology as a tool to fight a pandemic could move
from a diagnostic tool to a tool for prioritising vaccination. For
example, seronegative individuals may be prioritised over seroposi-
tive individuals in order to achieve better uptake of vaccinations
and obtain ‘herd immunity’ earlier [31].

Our study highlights the importance of repeat sero-surveillance
as a strategy to monitor and study how infection patterns evolve
over time. The results of this study can subsequently be used as data
for comparison with seroprevalence studies in subsequent periods,
which will help evaluate the effectiveness of preventive measures to
maintain a stable epidemiological situation.

Conclusions

The study’s findings showed that seroprevalence levels at 63%,
which are over the required minimum for nation herd immunity,
are acceptable. There was a substantial geographic difference, with
rural areas having a greater incidence of IgG/IgM antibodies to
SARS-CoV-2. The results indicated how critical natural population
immunity is for the development of a SARS-CoV-2 policy.

Study limitations

Study samples were collected in proportion to the distribution of
participants by region and age. However, data such as clinical
symptoms and confirmation of SARS-CoV-2 infection were not
analysed in this study. In addition, the study was conducted over a
certain period of time, thus the results can only reflect the situation
at that period. Furthermore, since the nature of this study was cross-
sectional, we will not be able to see the dynamics of seroprevalence
over time. A longitudinal study could provide more information on
how seroprevalence changes over time and how this is related to the
level of population immunity to the SARS- CoV-2.
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Acknowledgments. The authors express their gratitude for the administrative
and technical support provided by S.D. Asfendiyarov Kazakh National Medical
University.

Author contribution. Conceptualization: B.Z., T.S., K.T.; Data curation: B.Z.,
K.T., LE; Methodology: B.Z., D.O., G.A., L.F.; Writing — review & editing: B.Z.,

https://doi.org/10.1017/50950268823001085 Published online by Cambridge University Press

Mukhtar Kulimbet et al.

D.O.,, G.A, D.T., K.T.; Formal analysis: D.O.; Investigation: D.O., G.A., M.K,,
D.T., K.T,; Visualization: G.A., M.K,, T.S; Project administration: M.K,; Soft-
ware: MK; Validation: M.K; Writing — original draft: M.K,, D.T., T.S,, LF;
Funding acquisition: T.S.; Supervision: T.S.

Financial support. The study was supported by the grant of the Ministry of
Healthcare of the Republic of Kazakhstan ‘National Programme for the Intro-
duction of Personalized and Preventive Medicine in the Republic of Kazakhstan
(2021-2023)’ (Grant Number OR12165486).

Competing interest. The authors have no conflicts of interest to declare.

References

[1] World Health Organization (2020). Timeline - COVID-19. Available at:
https://www.who.int/news/item/29-06-2020-covidtimeline.

[2] Zhussupov B, Saliev T, Sarybayeva G, Altynbekov K, Tanabayeva S,
Altynbekov S, Tuleshova G, Pavalkis D and Fakhradiyev I (2021).
Analysis of COVID-19 pandemics in Kazakhstan. Journal of Research in
Health Sciences 21(2), e00512.

[3] Gaipov A, Gusmanov A, Abbay A, Sakko Y, Issanov A, Kadyrzhanuly K,
Yermakhanova Z, Aliyeva L, Kashkynbayev A, Moldaliyev I, Crape B
and Sarria-Santamera A (2021). SARS-CoV-2 PCR-positive and PCR-
negative cases of pneumonia admitted to the hospital during the peak of
COVID-19 pandemic: Analysis of in-hospital and post-hospital mortality.
BMC Infectious Diseases 21(1), 458.

[4] WHO COVID-19 Dashboard (2020). World Health Organization, Gen-
eva, 2020. Available at: https://covid19.who.int/.

[5] Bayesheva D, Boranbayeva R, Turdalina B, Fakhradiyev I, Saliev T,
Tanabayeva S, Zhussupov B and Nurgozhin T (2021). COVID-19 in the
paediatric population of Kazakhstan. Paediatrics and International Child
Health 41(1), 76-82.

[6] Zhussupov B, Suleimenova Z, Amanova G, Saliev T, Tanabayeva S, Sar-
ybayeva G, Iskakova G, Fakhradiyev I and Aukenov N (2022). The study of
the outbreak of coronavirus infection in a general hospital in Almaty. Hospital
Topics 1-10. doi: 10.1080/00185868.2022.2063774. Online ahead of print.

[7] Zhalmagambetov B, Madikenova M, Paizullayeva S, Abbay A and
Gaipov A (2020). COVID-19 outbreak in Kazakhstan: Current status
and challenges. Journal of Clinical Medicine of Kazakhstan 1, 6-8.

[8] Roda WC, Varughese MB, Han D and Li MY (2020). Why is it difficult to

accurately predict the COVID-19 epidemic? Infectious Disease Modelling

5,271-281.

Stringhini S, Wisniak A, Piumatti G, Azman AS, Lauer SA, Baysson H,

De Ridder D, Petrovic D, Schrempft S, Marcus K, Yerly S, Vernez IA,

Keiser O, Hurst S, Posfay-Barbe KM, Trono D, Pittet D, Gétaz L,

Chappuis F, Eckerle I, Vuilleumier N, Meyer B, Flahault A, Kaiser L

and Guessous I (2020). Seroprevalence of anti-SARS-CoV-2 IgG anti-

bodies in Geneva, Switzerland (SEROCoV-POP): A population-based

study. Lancet 396(10247), 313-319.

[10] Pollan M, Pérez-Gémez B, Pastor-Barriuso R, Oteo ], Hernin MA,
Pérez-Olmeda M, Sanmartin JL, Fernandez-Garcia A, Cruz I, de Larrea
NF, Molina M, Rodriguez-Cabrera F, Martin M, Merino-Amador P,
Leén Paniagua J, Muiioz-Montalvo JF, Blanco F, Yotti R and ENE-
COVID Study Group (2020). Prevalence of SARS-CoV-2 in Spain (ENE-
COVID): A nationwide, population-based seroepidemiological study.
Lancet (London, England) 396(10250), 535-544.

[11] SemenovaY, Kalmatayeva Z, Oshibayeva A, Mamyrbekova S, Kudirbekova
A, Nurbakyt A, Baizhaxynova A, Colet P, Glushkova N, Ivankov A and
Sarria-Santamera A (2022). Seropositivity of SARS-CoV-2 in the population
of Kazakhstan: A nationwide laboratory-based surveillance. International
Journal of Environmental Research and Public Health 19(4), 2263.

[12] Smagul M, Esmagambetova A, Nusupbaeva G, Kirpicheva U, Kasabe-
kova L, Nukenova G, Saliev T, Fakhradiyev I, Tanabayeva S and Zhus-
supov B (2022). Sero-prevalence of SARS-CoV-2 in certain cities of
Kazakhstan. Health Science Reports 5(2), 562.

[13] Kadyrova I, Yegorov S, Negmetzhanov B, Kolesnikova Y, Kolesni-
chenko S, Korshukov I, Akhmaltdinova L, Vazenmiller D, Stupina Y,

&


https://www.who.int/news/item/29-06-2020-covidtimeline
https://covid19.who.int/
https://doi.org/10.1080/00185868.2022.2063774
https://doi.org/10.1017/S0950268823001085

Epidemiology and Infection

(14

(15]

(16

(17

=
=

[21

[22

Kabildina N, Ashimova A, Raimbekova A, Turmukhambetova A, Miller
MS, Hortelano G and Babenko D (2022). High SARS-CoV-2 seropreva-
lence in Karaganda, Kazakhstan before the launch of COVID-19 vaccin-
ation. PLoS One 17(7), e0272008.

Yegorov S, Goremykina M, Ivanova R, Good SV, Babenko D, Shevtsov
A, MacDonald KS, Zhunussov Y and COVID-19 Genomics Research
Groupon behalf of the Semey COVID-19 Epidemiology Research
Group (2021). Epidemiology, clinical characteristics, and virologic fea-
tures of COVID-19 patients in Kazakhstan: A nation-wide retrospective
cohort study. Lancet Regional Health Europe 4, 100096.

Tregoning JS, Flight KE, Higham SL, Wang Z and Piercec BF (2021).
Progress of the COVID-19 vaccine effort: Viruses, vaccines and variants
versus efficacy, effectiveness and escape. Nature Reviews Immunology 21
(10), 626-636.

Issanov A, Akhmetzhanova Z, Riethmacher D and Aljofan M (2021).
Knowledge, attitude, and practice toward COVID-19 vaccination in Kaz-
akhstan: A cross-sectional study. Human Vaccines & Immunotherapeutics
17(10), 3394-3400.

Metcalf CJ, Farrar J, Cutts FT, Basta NE, Graham AL, Lessler J, Fergu-
son NM, Burke DS and Grenfell BT (2016). Use of serological surveys to
generate key insights into the changing global landscape of infectious
disease. Lancet 388(10045), 728-730.

Bureau of National Statistics. Agency for Strategic planning and reforms
of the Kazakhstan. Available at: https://stat.gov.kz/.

Lopez L, Nguyen T, Weber G, Kleimola K, Bereda M, Liu Y, Accorsi EK,
Skates SJ, Santa Maria Jr JP, Smith KR and Kalinich M (2021). Sero-
prevalence of anti-SARS-CoV-2 IgG antibodies in the staff of a public
school system in the Midwestern United States. PLoS One 16(6), €0243676.
World Health Organization (2020). Population-based age-stratified ser-
oepidemiological investigation protocol for COVID-19 virus infection,
17 March 2020. World Health Organization, Geneva.

Seo JD,Song DY,Nam Y, Li C,Kim S, Lee JH, Lee K, Song J and Song SH
(2020). Evaluation of analytical performance of Alinity i system on
31 measurands. Practical Laboratory Medicine 22, e00185.

Semenova Y, Pivina L, Khismetova Z, Auyezova A, Nurbakyt A, Kauy-
sheva A, Ospanova D, Kuziyeva G, Kushkarova A, Ivankov A and

https://doi.org/10.1017/50950268823001085 Published online by Cambridge University Press

(23]

[24]

(31]

Glushkova N (2020). Anticipating the need for healthcare resources
following the escalation of the COVID-19 outbreak in the Republic of
Kazakhstan. Journal of Preventive Medicine and Public Health 53(6),
387-396.

PanY,LiX, Yang G, Fan ], Tang Y, Hong X, Guo S, LiJ, Yao D, Cheng Z,
Yuan Y, Li Y and Wang X (2021). Seroprevalence of SARS-CoV-2
immunoglobulin antibodies in Wuhan, China: Part of the city-wide mas-
sive testing campaign. Clinical Microbiology and Infection 27(2), 253-257.
Hallal PC, Hartwig FP, Horta BL, Silveira MF, Struchiner CJ, Vidaletti LP,
Neumann NA, Pellanda LC, Dellagostin OA, Burattini MN, Victora GD,
Menezes AMB, Barros FC, Barros AJD and Victora CG (2020). SARS-CoV-
2 antibody prevalence in Brazil: Results from two successive nationwide
serological household surveys. Lancet Global Health 8(11), e1390—e1398.
Inbaraj LR, George CE and Chandrasingh S (2021). Seroprevalence of
COVID-19 infection in a rural district of South India: A population-based
seroepidemiological study. PLoS One 16(3), €0249247.

Cuadros DF, Branscum AJ, Mukandavire Z, DeWolfe Miller F and
MacKinnon N (2021). Dynamics of the COVID-19 epidemic in urban
and rural areas in the United States. Annals of Epidemiology 59, 16-20.
Haischer MH, Beilfuss R, Hart MR, Opielinski L, Wrucke D, Zirgaitis G,
Uhrich TD and Hunter SK (2020). Who is wearing a mask? Gender-, age-,
and location-related differences during the COVID-19 pandemic. PLoS
One 15(10), €0240785.

Paul R, Arif AA, Adeyemi O, Ghosh S and Han D (2020). Progression of
COVID-19 from urban to rural areas in the United States: A spatiotem-
poral analysis of prevalence rates. Journal of Rural Health 36(4), 591-601.
Randolph HE and Barreiro LB (2020). Herd immunity: Understanding
COVID-19. Immunity 52(5), 737-741.

Bolatov AK, Seisembekov TZ, Askarova AZ and Pavalkis D (2021).
Barriers to COVID-19 vaccination among medical students in Kazakhstan:
Development, validation, and use of a new COVID-19 vaccine hesitancy
scale. Human Vaccines & Immunotherapeutics 17(12), 4982-4992.
Reicher S, Ratzon R, Ben-Sahar S, Hermoni-Alon S, Mossinson D,
Shenhar Y, Friger M, Lustig Y, Alroy-Preis S, Anis E, Sadetzki S and
Kaliner E (2021). Nationwide seroprevalence of antibodies against SARS-
CoV-2 in Israel. European Journal of Epidemiology 36(7), 727-734.


https://stat.gov.kz/
https://doi.org/10.1017/S0950268823001085

	Study of seroprevalence of SARS-CoV-2 in Kazakhstan
	Introduction
	Methods
	Ethical issues
	Study design and population
	Study setting
	Sampling
	Covariates
	Laboratory methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Study limitations
	Data availability statement
	Acknowledgments
	Author contribution
	Financial support
	Competing interest
	References


