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Abstract: Background and Objectives. The severe acute respiratory syndrome coronavirus 2
(SARS-COV-2) reached over 1.5 million cases in Kazakhstan. Antibody titers of Immunoglobulin G
(IgG), and Immunoglobulin M (IgG) are the two classes of antibodies that provide information
about the immune response against SARS-COV-2. This study aimed to understand the dynamics of
SARS-CoV-2 immunity and identify factors affecting the changes in IgG antibody levels over time.
Materials and Methods. The prospective cohort study was conducted between November 2022 and
September 2023. Healthcare workers from the University Medical Center (UMC) who have had
COVID-19 infection were recruited. IgG antibodies were measured in 2 moments of time. Two-way
repeated measures ANOVA was used to compare the effect of independent variable between
baseline and follow up measurements and time with their interaction effect on changes in IgG levels.
Results. Data was available from 81 participants. All participants were seropositive for IgG both at
baseline and follow up. 4% of cases were positive for IgM, without showing symptoms of disease.
There was a significant decrease in IgG between baseline and follow up (12.95+3.304; 10.49+3.044; p
< 0.0001). Two-way repeated measures ANOVA showed significant interaction between allergy
with time and COVID-19 hospitalization (in the multi-variable model) on the changes in IgG levels
between baseline and follow up measurements. Conclusions. Although antibody responses to
SARS-CoV-2 exhibit a noteworthy decline in IgG they retain noticeable positivity for anti-SARS-
CoV-2 (S) antibodies, reflecting a sustained anti-body-mediated humoral immune response for
more than 12 months, and that these antibodies could potentially contribute to milder reinfections.

Keywords: Adult; COVID-19; Immunoglobulin G; Prospective Studies; SARS-CoV-2

1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 or SARS-CoV-2, also known as COVID-19
expanded in late 2019 in China. The World Health Organization (WHO) labeled it a worldwide
pandemic on March 11, 2020, as it was rapidly transmitted to other countries [1]. In Kazakhstan, the
number of cases reported by WHO has reached over 1.5 million people, with over 19000 deaths by
the 24th March of 2024 [2] Statistics of cases and deaths are informative, but there are knowledge
gaps in the COVID-19 research topic. One of the major questions is the correlation between the
antibody titers and level of protection from the reinfection. The durability of immune responses
following infections, as well as the kinetics of immunological antibody production are not well-
defined yet. Antibody level dynamics and durability provide valuable information as it is a key factor
in developing immunity and preventing reinfection. Antibody data may be used to estimate the
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percentage of the people that is at risk of reinfection [3]. According to WHO, as of November 26, 2023,
over 12 million people have been vaccinated with at least one dose in Kazakhstan.

IgM antibody is among the first antibodies to emerge in response to a new infection, being a
marker for either exposure to a certain disease but decrease as the infection resolves [4]. IgG plays a
more significant role in the first two to three weeks after an infection and forming long-term immune
memory, which can last for several months or years [5]. Increased IgG antibody levels signify a
history of illness or vaccination and imply some level of COVID-19 immunity [6].

Since the early phases of the pandemic one of the critical questions to clarify was the duration
of immune protection. Initial data suggested that that immunity from a COVID-19 infection can last
at least 8 months [7], with a significant proportion of people retaining antibodies for up to a year [8].
Other immune system components, such as memory B cells and T cells, may also contribute to lasting
immunity even if antibody levels decline [9]. While antibodies from previous infections provide some
protection, the strength and duration of protection can vary depending on the strain of COVID-19.
Some variants (e.g., Delta and Omicron) show partial immune escape, reducing antibody
effectiveness but still generally retaining some level of protection against severe disease. Vaccine-
induced antibodies can last for several months, with booster doses further extending antibody
presence and enhancing immune response. Although antibody levels can decline after several
months, the immune system retains a memory response. While waning antibody levels may increase
susceptibility to mild or moderate reinfections, severe cases are less common due to cellular
immunity. Studies show that reinfections tend to be milder in most cases, especially among
vaccinated individuals. Differences in antibodies levels have been associated with age, linked to
immunological memory or with a lower capacity to establish a strong defense against new antigenic
attacks [10]. The rise in comorbidities such as diabetes, hypertension, and obesity might be another
explanation [11]. It has also been reported a lower sero-prevalence in men than in women [12].

This study will complement other studies already started that are investigating in different
populations the prevalence of defined categories indicating previous COVID-19 exposure or
vaccination and seroconversion in Kazakhstan. The aim of this longitudinal study is to understand
the dynamics of SARS-CoV-2 IgG over time alongside demographic and clinical factors. The
objectives are to provide information regarding quantitative characteristics of IgG after previous
infection considering participants’ clinical and demographic profiles among healthcare workers, and
to identify factors affecting the changes in IgG antibody levels over time, including demographic
characteristics, clinical features of COVID-19 infection, vaccination status, and occupational factors.

2. Materials and Methods
2.1. Study Design and Population

This prospective cohort study covers the adult population in Kazakhstan from November 2022
to September 2023. Participants 18 and older 18 were recruited among healthcare workers from
University Medical Center (UMC) who have had COVID-19. The study was entirely voluntary and
anonymous to participate in. Participants were informed of the characteristics of the study and after
signing informed consent donated a blood sample, responded to a questionnaire and provided
authorization to access their medical record. The exclusion criteria were: people with a life expectancy
of less than 1 year; pregnant or breastfeeding women; any clinical condition or event that in the
opinion of doctors or nurses may substantially increase the risk associated with study participation
or compromise the study's scientific objectives and prospective follow-up, or that would make it
unsafe for participants to provide blood samples; anticipated difficulty in being able to participate in
the 6-month follow-up; no symptoms of a respiratory infection at the moment of recruitment
(persistent, cough, nasal congestion, sore throat, fever).
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2.2. Data Collection and Analysis

This study exploited several quantitative data collection methods: clinical data, blood sample
analysis for IgG and IgM specific antibodies related to COVID-19 and survey obtained in 2 moments
of time, baseline and follow up. The baseline self-administered questionnaire comprised several
sections: socio-demographic information, lifestyle questions, COVID-19, and vaccination history.
Time from last infection and last vaccine was chosen as the latest date from all the dates of infection
and vaccination history reported. Participants provided a blood sample for COVID-19 specific IgM
and IgG antibodies and one tube for serum storage. 2 blood tubes were necessary for this analysis (a
total of 18 mL of vein blood). All manipulations concerning blood collection will be conducted by
trained healthcare personnel of UMC. Basic clinical information was obtained from Hospital
Information Systems (HIS) medical records. Participants provided their identification, which was
coded for any further analysis, and allowed to contact them for a follow-up visit after 6 months to
provide a second blood test to count COVID-19 specific IgM/IgG.

Determination of IgG antibodies to the S-protein of the coronavirus SARS-CoV-2 (COVID-19) in
blood serum by enzyme immunoassay (ELISA). As it was recommended by the manufacturer, the
antibodies level higher than 1.1 IU /ml was considered positive [13].

2.3. Statistical Analysis

The possible impact of the different variables of interest on IgG dynamics between baseline and
follow up period will be estimated by the interaction between those variables and time analyzed by
two-way repeated measures ANOVA. The dynamic relationship between the antibody levels
changes and sociodemographic or clinical factors was assessed by repeated measures ANOVA. It is
a statistical method that measures the effect of two independent variables as “treatment” (in this case,
socio-demographic or clinical factor) and time (from baseline to follow up) [14]. Effect of “treatment”
(any independent factor) assesses the differences across the groups of treatment regardless of time.
Effect of time assesses the difference at two time points regardless of the treatment effect. The
interaction between treatment and time shows that one independent variable's effect on a dependent
variable’s change based on the level of another independent variable.

Statistical analyses were performed using STATA 18 (StataCorp. 2023. Stata Statistical Software:
Release 18. College Station, TX: StataCorp LLC).

2.4. Ethical Approval

The study was approved by Nazarbayev University Institutional Research Ethics Committee
(NU IREC 571/12052022 on 20/06/2022) and University Medical Center (UMC 2023/001-006 on
15/6/2023).

3. Results

The flowchart of the study is shown at Figure 1. Out of 139 participants who provided their
blood, 128 completed the questionnaire and 81 of them had measurements of antibodies both at
baseline and follow up for the second blood collection. Table 1 reports the main characteristics of the
sample analyzed. In Supplementary Table S1 there is a description of other comorbidities also
reported by participants in the study
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Table 1. provides a summary of the study population’s sociodemographic and clinical
characteristics at baseline (n = 81).

%

Sex Female 92.5

Male 7.5

Age 18-35 225

36-55 36.3

>55 413

BMI Overweight/Obese 49.3
Underweight/Normal 50.68

Ethnicity Kazakh 12.5

Other 87.5

Occupation Nurse 30.0

Others 31.3

Physician 38.8

Allergy No 76.9

Yes 23.1

Hospitalized COVID-19 infection No 76.9

Yes 23.1

ICU COVID-19 infection No 94.8

Yes 52

>1 COVID-19 infection No 90.5

Yes 9.5

COVID-19 Vaccines No 15.0

2 28.8

>2 56.3

>1 Year last COVID-19 infection .00 34.5
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1.00 65.5
>1 Year last COVID-19 vaccine .00 67.6
1.00 324
Other vaccine 89.6
mRNA 36.5

Table 2 reports the frequency of positive IgM antibodies, which typically develop within 1-3
weeks of infection and peak around 2-3 weeks after symptom onset, were positive in 4% of cases,
both at baseline and follow up.

Table 2. Frequency of positive IgM at baseline and follow up.

Baseline IgM Follow Up IgM
Positive Positive
Sex Female 5.4% 4.1%
Male 33.3%** 16.7%
Age 18-35 11.1% 5.6%
36-55 3.3% 6.7%
>55 9.4% 3.1%
BMI Overweight/Obese 14.3% 11.1%*
Underweight/Normal 2.6% 0.0%
Ethnicity Kazakh 8.6% 5.7%
Other 0.0% 0.0%
Occupation Nurse 13.0% 8.7%
Others 7.7% 3.8%
Physician 3.2% 3.2%
Allergy No 7.0% 1.8%
Yes 7.1% 14.3%**
Hospitalized COVID-19 infection No 5.9% 2.0%
Yes 6.7% 6.7%
ICU COVID-19 infection No 5.4% 1.8%
Yes 33.3%* 33.3%**
>1 COVID-19 infection No 9.1% 6.1%
Yes 0.0% 0.0%
COVID-19 Vaccines No 0.0% 0.0%
2 4.3% 4.2%
>2 11.1% 6.8%
>1 Year last COVID-19 infection No 0.0% 4.8%
Yes 13.5%* 5.4%
>1 Year last COVID-19 vaccine No 10.6% 6.5%
Yes 4.8% 4.5%
All cases 4.3% 3.9%

*p<0.1;** p <0.05.
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Table 3. Mean IgG levels at baseline and follow up and change between both times.
Follow Up
Baseline IgG IgG IgG change
Sex Female 12.94 10.33 -2.61
Male 13.08 12.47 -0.61
Age 18-35 12.46 10.99 -1.46
36-55 12.73 9.61 -3.12
>55 13.42 11.01 -2.41
BMI Overweight/Obese 12.35 10.57 -1.78
Underweight/Normal 13.57 10.43 -3.14
Ethnicity Kazakh 12.91 10.43 -2.48
Other 13.25 10.89 -2.36
Occupation Nurse 12.74 10.70 -2.04
Others 12.61 9.21** -3.40
Physician 13.40 11.39 -2.01
Allergy No 12.63 10.58 -2.05
Yes 14.86** 10.67** -4.19
Hospitalized = COVID-19 No 12.74 9.78 -2.95
infection Yes 13.09 11.92** -1.17*
ICU COVID-19 infection No 12.78 10.15 -2.63
Yes 13.64* 13.70** 0.05
>1 COVID-19 infection No 12.88 10.53 -2.35
Yes 14.01 10.60 -3.41
COVID-19 Vaccines No 12.23 9.52 -2.71
2 11.82 8.92 -2.90
>2 13.74** 11.58** -2.17
> 1 Year last COVID-19 No 13.25 10.00 -3.25
infection Yes 12.94 10.57 -2.36
> 1 Year last COVID-19 No 13.51 11.18 -2.33
vaccine Yes 12.16% 9.54** -2.62
No 1291 10.37 -2.53
Baseline IgM Positive Yes 15.09 13.02 -2.07
No 12.78 10.46 -2.32
Follow Up IgM Positive Yes 15.29 11.28** -4.01
All cases 12.95 10.49** -2.46
*p <0.1; * p <0.05.

There was a significant decrease in IgG between baseline and follow up (12.95+3.304;
10.49+3.044; p < 0.0001). IgG antibodies, which are often associated with long-term immunity,
persisting for several months, and with detectable levels for at least 6-12 months in most individuals,

showed differences

associated with exposure

to SARS-CoV-2 antigens,

either natural

(hospitalization, ICU admission, positive IgM) as well as from immunization (number of vaccines,
time since last vaccine). Allergy appeared with significant effect to elicit higher IgG levels.
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Given the large number of participants with no data at follow up, Supplementary Table S2
reports the mean values of IgG at baseline among those with and without data at follow up showing
no differences in these groups.

Table 4 shows the results of a two-way repeated measures ANOVA to determine the effects of
treatment, time, and their interaction on baseline and follow-up IgG levels among study participants.
The change in IgG over time is different depending on the presence of these variables: allergy is
significant (F = 4.69: p = 0.0337), while BMI and having a previous COVID-19 hospitalization were
marginally significant (F=2.99; p=0.0882 and F = 3.18; p = 0.0794). In Table 5 a multivariable analysis
including the 3 variables the final model rent that hospitalization remained statistically significant (F
=7.23; p = 0.009) while allergy become only marginally significant (F =2.99; p = 0.089) as well as the
interaction between hospitalization, allergy and time (F =2.89; p=0.095). The R Squared of this model
was 0.77, the adjusted R-squared was 0.52, and Huynh-Feldt epsilon was 1.0536 (p = 0.0214).

Table 4. Results of two-way repeated measures ANOVA analysis on IgG titers: F and p values of
interactions with time with the respective variables.

F p value
Sex 2.08 0.1532
Age 1.44 0.2131
Occupation 1.58 0.2132
BMI 2.99 0.0882
Ethnicity 0.01 0.9156
Asthma 0.14 0.7076
Allergy 4.69 0.0337
Hospitalized for COVID-19 3.18 0.0794
ICU admission for COVID-19 1.65 0.2039
>1Infection 0.71 0.4036
Number of vaccines 0.42 0.6587
>1 Year since last infection 1.03 0.3153
>1 Year since last vaccine 1.1 0.78474
IgM at Baseline 0.39 0.5333
IgM at Follow UP 1.48 0.2236
Baseline IgM Positive 0.11 0.7414
Follow Up IgM Positive 1.02 0.3163
Other vaccines 0 0.9446
mRNA 1.94 0.1672

Table 5. Results of the multivariable two-way ANOVA repeated measures.

Variables F P value
Time 22.7 0.000
Allergy # Time 2.99 0.089
Hospitalization # Time 7.23 0.009
Allergy # Hospitalization # Time 2.89 0.095
R Squared 0.77

Adjusted R Squared 0.52
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Huynh-Feldt epsilon=1.0536
P value 0.0214

#Interaction terms.

Given the Huynh-Feldt epsilon (Table 5) close to 1 and a significant p-value, the results indicate
a statistically significant effect without needing strong adjustments for sphericity.
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Figure 2. Violin graphs representing IgG at baseline and follow up for participants with allergy and
hospitalization.

4. Discussion

The findings of this longitudinal study indicate that anti-spike (anti-S) SARS-CoV-2 IgG
antibodies remain detectable in 100% of participants for more than 12 months. The persistence of IgG
antibodies over time has been previously described in studies where the follow-up period was 6-8
months. Still, studies have shown that humoral immunity persists for more than 12 months after the
onset of symptoms. It is an important finding, as more than 30% of the sample here analyzed had the
last vaccine more than 12 months ago, and 65% had the last registered COVID-19 infection more than
12 months ago. Also noteworthy is the decline in the mean IgG levels over time in this population,
consistent with the previously reported biological rationale [15]. The natural waning of antibody
responses after first exposure to SARS-CoV-2 or vaccination is most likely the cause of this decline in
IgG levels.

A second finding of this work is the presence of 4% cases with positive IgM at baseline and
follow-up. This finding indicates that SARS-CoV-2 continues to circulate at the community level, but
causes asymptomatic infections, mostly due to the hybrid immunity obtained both by vaccination
and previous infections that prevent severe cases. The low number of participants who tested positive
for IgM antibodies impeded the analysis of the possible characteristics of participants who tested
positive for IgM, making subgroup analyses statistically underpowered compromising the validity
and generalizability of these analyses. Despite these limitations, recognizing the presence of IgM
antibodies in a subset of participants remains important for understanding the dynamics of immune
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responses to SARS-CoV-2 infection. Further studies with larger and more representative samples
could explore the factors contributing to asymptomatic infection among IgM-positive cases.

A third finding of our study is the identification of two variables showing in the ANOVA
repeated measures analysis interaction with time, reflecting significant differences between groups,
and over time. In two-way ANOVA repeated measures, the interaction of these variables and time
(treatment#time) determines whether the effect of one independent factor on the exposure variable
(IgG levels in this case) varies with time. In our case, allergy demonstrated a significant independent
interaction with time (p = 0.0337) as well as hospitalization in the multivariable model (p = 0.009),
implying the significant effect that allergy and a previous hospitalization have on IgG level changes
over time. Our results did not find interactions with time for any of the other variables included in
this analysis that either consider individual characteristics (sex, age, occupation, BMI, ethnicity,
allergy, or other comorbidities) or with variables related to antigenic exposure to COVID-19, either
natural (Time since infection, number of infections, IgM at baseline or at follow up) or by vaccination
(Time since vaccination, number of vaccines, or type of vaccine).

In this study, allergy appeared as a relevant variable associated with higher IgG titers as well as
having an interaction with time in explaining their reduction. COVID-19 is a complex clinical
syndrome. SARS-CoV-2 is originally a respiratory illness but curses also with a substantial
inflammatory response with pro-inflammatory cytokines and chemokines that stimulate a systemic
inflammatory response. Allergic (including atopic) and other hypersensitivity disorders are
inappropriate or exaggerated immune reactions to foreign antigens. Although the precise
mechanisms are unknown, allergic conditions confer a greater risk of susceptibility to COVID-19 and
worse clinical outcomes [16] but also there is increasing evidence of the role of COVID-19 in
increasing the incidence of allergic conditions [17] and a strong association with long-COVID [18,19].
Additional research on this interaction may yield important information about disease susceptibility.

Furthermore, we found an association between hospitalization and changes in IgG levels.
Previous findings found the significant association between severity of COVID-19 infection and
increased IgG levels [20]. In our case, we found a strong association between SARS-CoV-2 IgG titers
in participants who had to be hospitalized [21]. Severity of the previous infection remains a robust
predictor of higher immune response even after more than 12 months of follow up.

Hybrid immunity benefits both the breadth of the antibody mediated response [22] and
produces greater total and neutralizing anti-S titers than natural infection or vaccination alone [23].
Our study both supports and builds upon prior findings, as we show that SARS-CoV-2 IgG
antibodies wane in SARS-CoV-2 infected people over time, but IgG were detectable in all our
participants. What is the real attributable effect of post-infection or vaccination cannot be determined
with our data [24].

There are a few limitations in the study. This includes a small sample size (81 participants in
follow-up), and missing data from the follow-up phase (47 people lost). Data was self-reported,
including data from vaccination or previous infections. Participants were healthcare workers, who
may have a different exposure profile to SARS-CoV_2 than the general population. This study cannot
determine what may be the effect of possible previous asymptomatic infections before recruitment
may have elicited higher IgG levels in infected persons. We had only 2 times measurements separated
by a median of 8.4 months, a period considered usual for IgG decay. Differences due to the specific
variants causing infections may be associated with differences in the immunological responses here
identified. Delta was predominant roughly from mid-2021 to late 2021, while Omicron emerged in
November 2021 and became predominant from late 2021 through 2022 with various sub-variants. In
2022, Delta had largely waned in prevalence since Omicron's emergence. The effect of specific types
of vaccines is difficult to estimate as participants received a quite heterogeneous combination of
vaccines [25]. The first vaccine that was available in Kazakhstan was Sputnik V in 2021, but later
many other vaccines were available. Participants reported a significant diversity of types of vaccines
they received, including mRNA vaccines. The small number of cases and great diversity in vaccines
and schedule of vaccination impede to analysis of the effect of vaccines. To address these limitations
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and offer a more thorough understanding of immune responses and disease outcomes, larger cohorts
for future research are necessary [26].

The strengths of the study include the longitudinal design of our study that offers important
new information about the dynamics of IgG levels among medical professionals over time. We were
able to identify subtle alterations in immunity by longitudinally monitoring IgG levels, which has
improved our comprehension of immunological responses in work environments.

The dynamic relationship between the antibody level changes and sociodemographic or clinical
factors was assessed by repeated measures ANOVA. It is a simple and easy-to-interpret method to
analyze measurements taken from the same participants across time points. It provides
straightforward F-tests for within-subject factors (e.g., time), making it easy to assess whether there
are significant differences, in this case, in IgG level between baseline and follow-up. Because it
accounts for within-subject correlations by modeling each subject as their won control, repeated
measures ANOVA effectively reduces error variance due to individual differences, leading to greater
statistical power to detect differences between time points. Corrections in the analysis, such as the
Huynh-Feldt, provide robust estimates for violations of the sphericity assumption. This is a critical
issue because ANOVA assumes sphericity, meaning homogeneity of variances of differences and
normally distributed residuals. Although sphericity is less concerned with 2-time points, normality
still matters. Another limitation is that repeated measures ANOVA is not well-suited to handle
continuous covariates, so we used categorical variables here. Repeated measures ANOVA is
designed primarily for comparisons of means across time points, but not individual variation in
change rates, but this was not the objective of this work.

5. Conclusions

This work provides insight into the dynamics of immune responses in medical professionals
after a prior history of SARS-CoV-2 infection. Our findings illustrate that although antibody
responses to SARS-CoV-2 of participants in the study exhibit a noteworthy decline in IgG, they retain
noticeable positivity for anti-SARS-CoV-2 (S) antibodies, reflecting a sustained antibody-mediated
humoral immune response among the cohort for long period, more than 12 months and that these
antibodies could potentially contribute to milder reinfections. Our study cannot determine the
possible effect of either reinfections or vaccination to enhance their ability to humoral immunity
against SARS-CoV-2. Allergy and previous hospitalizations are associated with IgG dynamics over
time. IgM levels were not included in the analysis because of their transient nature and limited
applicability for public health interventions; however, the fact that they are present in a subset of
participants indicates that immune activity is still ongoing, indicating the need for more research.
Problems with sample size and missing data highlight the need for larger, diverse cohorts and more
thorough data collection techniques in future research projects, which will be required to determine
whether antibody levels elicited following natural infection or induced by vaccines could be long-
lasting to sustain protective immunity.

Supplementary Materials: Table S1. Other comorbidities: number of cases, IgG at baseline and follow up, and
F and p values of two-way Anova interaction with time. Table S2. Table 2S. Mean values of IgG at baseline
among those with and without data at follow up.
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