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Abstract: Background: SARS-CoV-2 infection shows variable serological responses influenced by
demographic and clinical factors, highlighting the importance of understanding antibody patterns
across different patient groups. Aims of the study: This study aimed to evaluate SARS-CoV-2
serological patterns and determine their associations with age, sex, and clinical severity among
individuals in Kirkuk, Iraq. Methodology: This study included 130 participants recruited from
outpatient, inpatient, intensive, and respiratory care units at Kirkuk Medical City, Iraq, between
August and December 2021. Demographic and clinical data were collected using a structured
questionnaire. COVID-19 manifestations and severity were assessed by specialized physicians
according to WHO criteria, incorporating symptoms, radiographic findings, and oxygen saturation.
SARS-CoV-2-specific IgM and IgG antibodies were evaluated using serological immunoassays and
the STANDARD Q COVID-19 IgM/IgG Duo Test, with antibody levels >10 AU/mL considered
positive. Result: Among 130 participants, 41 (31.5%) had IgM-associated recent infection, 28 (21.5%)
had IgG-associated previous infection, and 61 (46.9%) were seronegative. Females predominated in
the IgM group (56.1%), whereas males predominated in the IgG group (71.4%). Mean age was higher
in the IgM than IgG group (51.6 vs. 43.7 years). Most IgM-positive participants were 250 years
(61.0%), while 75.0% of IgG-positive participants were aged 30-59 years. Among IgM-positive cases,
73.2% had moderate and 26.8% severe COVID-19. Conclusions: SARS-CoV-2 serological profiles
varied according to age, sex, and clinical severity. IgM-associated recent infection was more
frequent among older participants and females, while IgG-associated previous infection
predominated among males and middle-aged individuals, highlighting distinct demographic and
clinical patterns.

Keywords SARS-CoV-2; Serological profiles; IgM antibodies; IgG antibodies; Clinical severity.

1. Introduction

Coronavirus disease 2019 (COVID-19) was caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which created an unprecedented global public-
health emergency and resulted in significant impacts on healthcare systems. SARS-CoV-2
is an enveloped, positive-sense, single-stranded RNA virus, which attaches to and enters
the cell using the spike glycoprotein (S) and the angiotensin-converting enzyme 2 receptor
(ACE2) [1]. Clinical signs and symptoms of COVID-19 are also very diverse, from
asymptomatic infection to mild upper-respiratory symptoms, viral pneumonia, acute
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respiratory distress syndrome, thromboinflammatory complications, multiorgan
dysfunction and death [2].

RT-PCR is the main method of diagnosis for acute SARS-CoV-2 infection. However,
molecular testing has some limitations due to delayed and poor specimen collection,
decreasing virus levels, limited access to testing, and potential for undetected
asymptomatic or mild infections. Serological assays are used in conjunction with
molecular diagnosis, and enable the detection of humoral immune response to viral
antigens. Antibody testing is especially important to determine history of infection,
immune response and for population surveillance, said Chvatal-Medina et al. [3].

After exposure to SARS-CoV-2, immunoglobulin M (IgM), immunoglobulin A, and
immunoglobulin G (IgG) antibodies are produced and appear in the blood with some
overlapping. IgM is thought to be the early response antibody, while IgG is the later
response and is often present for a longer period. It is important to note however that
simultaneous or prior IgG seroconversion can occur, and the classic progression of IgM
seroconversion first, followed by IgG seroconversion, is not always true. Furthermore,
antibody production was shown to vary by immunoglobulin class and from the onset of
symptoms, with the positivity of IgG increasing with time [4]. Thus, simultaneous
assessment of the two markers (IgM and IgG) could yield more meaningful serological
patterns than either marker.

Viral, clinical, and host factors play a role in the magnitude and persistence of
antibody responses. Vanshylla et al. showed that neutralizing-antibody responses tended
to be higher during the early phases after infection, but varied widely among individuals
[5]. These antibody levels can then drop and especially following mild or latent infections,
the risk of antibody negativity arises. Therefore, serological results should be evaluated
with regard to when the symptoms occurred, the severity of the disease, whether the
individual was vaccinated, if he or she was reinfected, the type of serologic test used as the
target, and the time between the onset of the illness and the time of blood collection.

Serosurveillance studies showed that the real burden of SARS-CoV-2 infection was
often also much higher than laboratory-confirmed cases. The SARS-CoV-2 seroprevalence
was found to be significantly higher across the country and the region for each pandemic
period according to the report by Bergeri et al. [6]. Previous international studies also
showed significant interregional differences in epidemic size and wave, public health
efforts, vaccination coverage, population demographics, test availability, and test
performance [7]. The results emphasize the need for sub-national or regional serological
studies before using national or international levels to make generalizations about a
particular community.

With the large-scale vaccination, interpretation of SARS-CoV-2 serological profiles
has become more complicated. Anti-nucleocapsid antibodies may be more indicative of
previous natural infection among those who have been immunized with spike protein
vaccines, while anti spike protein antibodies may occur after either natural infection or
vaccination. Colwill et al. have introduced a scalable serological method that allows for
quantifying antibodies to multiple viral antigens and enhances the ability to distinguish
between vaccine-induced and natural immunity [8]. A single antibody test result can thus
be used with limited epidemiological resolution, while multiplex and quantitative assays
can be used more effectively.

There are also differences in analytical performance between serological platforms.
Wilkins et al. showed that quantitative ECL assays could yield broad analytical ranges and
excellent agreement with other accepted immunoassays and neutralization assays [9].
However, the variability in the sensitivity, specificity, antigenic targets, thresholds, and
antibody waning may result in different seroprevalence estimates. During longitudinal
follow-up, variation was observed between automated assays of nucleocapsid and spike
antigens and highlights the need for reporting the platform and antigen tested [10].
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Serological responses can also be related to the clinical level of disease burden. While
there is some relationship between antibody levels against the spike and nucleocapsid
antigen and neutralizing activity and protection over time, this relationship was different
for each antigen [11]. High antibody levels have also been reported after severe infection,
which may be related to the duration of viral replication and extent of antigenic
stimulation that produces greater B-cell activation. Other asymptomatic or mildly affected
individuals, however, do not produce as strong of a response or one that is not detected at
all, which may result in underestimation of past exposure by serological surveys done long
after exposure.

Aging is a crucial risk factor for disease severity and humoral immunity to COVID-
19. There are several potential differences in antibody dynamics between children,
younger adults, and older people that could explain different susceptibility to infection,
including maturity of immune system, immunosenescence, patient comorbidities, prior
coronavirus exposure, and clinical severity [12]. Older age was one of the most consistent
and strongest predictors of severe disease and death, as found by Booth et al. [13]. Thus,
the age association with antibody levels may partly be driven by age-related differences in
the extent of antigenic exposure in more severe infections and not necessarily be an age-
specific immune response.

There are also some differences in the amount of liquid that may be present in the
sex. Fabiao et al. found that men were more likely to have more severe COVID-19
outcomes than women, which may be due to differences in sex hormones, immune
regulation, ACE2 expression, inflammatory responses, behavioral exposures and
comorbidity profiles [14]. However, in certain contexts, women may produce more robust
humoral responses, such that sex associations with seropositivity and clinical severity may
not go in the same direction. Population characteristics and the timing of antibody
measurement, therefore, have to be taken into account.

Inflection risk and clinical outcomes may be further impacted by social, ethnic,
occupational and healthcare inequalities. Persistent population group differences for
SARS-CoV-2 positivity and severity of disease remained, even after adjusting for a number
of clinical factors, according to Magesh et al. [15]. This evidence can inform investigations
conducted locally that take into account the distribution of the population and access to
healthcare in interpreting serological patterns.

A systematic review of seroprevalence investigations revealed significant variation
in seroprevalence studies in different study settings, sampling methodologies, ages
studied, and laboratory methodologies [16]. Evidence is more limited regionally in Iraq.
Hussein et al. reported anti-SARS-CoV-2 antibody positivity in Duhok to be high, more
than 50% of which did not have any previous COVID-19 symptoms, highlighting the
extent of community transmission that happens without being identified [17].
Longitudinal cohort studies also have demonstrated that population controls without
known infection can have detectable antibodies which reinforces the importance of
serology to help detect missed exposure [18].

Kirkuk is a diverse population with multiple introductions of SARS-CoV-2, however,
information on IgM/IgG patterns and demographic and clinical associations of these
patterns is limited. A more recent study in Kirkuk showed significant differences in
community IgG seroprevalence between pandemic periods [19]. Further study of the
different serological patterns, according to age, sex and severity of the clinical symptoms
is required, however. Therefore, the current work aimed to describe the serological pattern
of SARS-CoV-2 markers (IgM and IgG) in the population of Kirkuk, Iraq and correlate
these markers with age, gender, and clinical severity.
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2. Methodology

The study involved 130 participants including patients of both outpatient and
inpatient clinics, intensive and respiratory care units, distributed randomly among those
visiting the hospitals of Kirkuk Medical City, Kirkuk, Iraq, from 12 August till 20 December
2021. Patients with signs and symptoms suggestive of COVID-19 and those who were
unconfirmed were included. The data on clinical and demographic characteristics (age,
sex, body mass index, disease severity, smoking status, and presence of chronic diseases
like hypertension) was obtained from the participants or their family members by a
structured questionnaire. The clinical history, physical examination and relevant
laboratory examinations were done in all participants and manifestations of COVID-19
were assessed by a specialized physician using World Health Organization criteria. The
severity of disease was evaluated by clinical signs, X-ray findings, respiratory signs,
oxygen saturation (SpO;) and disease progression; severe disease was defined as lower
respiratory symptoms with SpO,<94% on room air and mild disease as upper respiratory
symptoms and X-ray not showing pneumonia and Sp0O,294% on room air. Serological
immunoassays were used to assess the SARS-CoV-2-specific immunoglobulin M (IgM)
and immunoglobulin G (IgG) antibodies. The thesis includes data on the use of anti-human
IgG and anti-human IgM assays and anti-SARS-CoV-2 antibody levels >10 AU/mL were
defined as positive; it also includes data on the STANDARD Q COVID-19 IgM/IgG Duo
Test, which is a rapid chromatographic immunoassay that is not quantitative to detect
SARS-CoV-2 antibody levels in serum, plasma or whole blood.

Statistical analysis:

The data were analyzed statistically with SPSS version 22 (IBM Corp.). Normality
was tested using Kolmogorov — Smirnov test and graphically. The Mann-Whitney U test
was used for continuous variables, where applicable, and Pearson's chi-square test or
Fisher's exact test was used for categorical variables. Spearman’s rank correlation was used
for correlation analyses, and statistical significance was defined as a P value <0.05.

Ethical approval:

The study was carried out in an ethical manner in keeping with the ethical guidelines
for human subject research. The goals and procedures of the study were explained to all
participants before they entered the study and written informed consent was obtained
from each participant or legal representative, as appropriate. The participants were
assured that their personal and clinical information would be kept strictly confidential and
would be used only for scientific research.

3. Results

Frequency of IgM-associated recent infection, IgG-associated previous infection,
and seronegative status in the study population

41 participants (31.5%) had serological profiles that included an IgM antibody
response suggestive of recent SARS-CoV-2 infection and 28 (21.5%) had serological profiles
that included an IgG antibody response consistent with prior infection (Table 1). Of the
remaining 61 participants (46.9%), no serological evidence of SARS-CoV-2 infection was
found. Overall, 69 of the 130 participants (53.1%) had detectable IgM- or IgG-associated
evidence of current or previous exposure.
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Table 1. Distribution of SARS-CoV-2 Serological and Infection Profiles Among the

Study Participants.
Serological/infection status n %
Recent SARS—COV—Z infection 41 315
(IgM-associated)
Previous ?ARS—COVQ infection 78 215
(IgG-associated)
No ?Vldence of SARS-CoV-2 61 46.9
infection
Total 130 100.0
Comparison of male and female representation between participants with recent
and previous infection-associated antibody patterns
This was largely due to females (23, 56.1%) outnumbering males (18, 43.9%) in the
IgM-associated recent-infection group (as shown in Table 2). In contrast, there were 20
male (71.4%) and 8 female (28.6%) participants in the previous infection group, which was
associated with IgG. These results illustrate some differences between the two serological
groups in the descriptive sex distributions; a suitable categorical test should be used to
determine statistical significance.
Table 2. Sex Distribution Among Participants With IgM- and IgG-Associated
SARS-CoV-2 Serological Profiles.
Recent infection / IgM group Previous infection / IgG group
Sex
(n=41) (n=28)
Male 18 (43.9%) 20 (71.4%)
Female 23 (56.1%) 8 (28.6%)
Total 41 (100.0%) 28 (100.0%)

Descriptive comparison of mean age, minimum and maximum values, and age
ranges between the two infection groups

The mean ages of participants who had a recent infection profile (IgM-associated)
were also higher than the mean age of those who had a previous infection profile (IgG-
associated) (51.6 versus 43.7 years, respectively) (Table 3). The age of the patients with
recent infection ranged from 24 to 84 years and 20 to 74 years in the patients with previous
infection [20]. Thus, the group of recent infections was descriptively older, but the age was
not statistically different from the control group, as no measures of variation were
provided and no appropriate test was used for comparison.

Table 3. Age Characteristics of Participants With IgM- and IgG-Associated SARS-
CoV-2 Serological Profiles.

Age characteristic Recent infection / IgM group Previous infection / IgG group

(n=41) (n=28)
Mean age (years) 51.6 43.7
Minimum age (years) 24 20
Maximum age (years) 84 74
Age range (years) 24-84 20-74

Frequency and percentage distribution of recent-infection cases across five
predefined age categories
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The highest percentage of the group with recent infection (as determined by IgM)
was 260 years old (31.7%), followed by 50-59 years (29.3%) (Table 4). The 30-39 and 40-49
aged brackets each had 17.1% of the participants and the 20-29 age bracket had 4.9% [21].
The descriptive concentration of the IgM associated profiles was observed in age > 50 years
(61.0% of the recent-infection cases).

Table 4. Age-Group Distribution of Participants With IgM-Associated Recent
SARS-CoV-2 Infection.

Age group (years) n %
20-29 2 49
30-39 7 17.1
40-49 7 17.1
50-59 12 29.3
260 13 31.7
Total 41 100.0

Frequency and percentage distribution of previous-infection cases across five
predefined age categories

There was no significant difference in the number of participants aged 30-39, 40-49
or 50-59 years, each of whom had 7 cases (25.0%) in the IgG-associated previous-infection
group (see Table 5). The age group of 20-29 years old represented the smallest percentage
(10.7%) while age group =60 years old represented 14.3% [22]. The general age distribution
pattern was broadly distributed with 75.0% of those having an IgG-associated age profile
aged 30-59 years.

Table 5. Age-Group Distribution of Participants With IgG-Associated Previous
SARS-CoV-2 Infection.

Age group (years) n %
20-29 3 10.7
30-39 7 25.0
40-49 7 25.0
50-59 7 25.0
260 4 14.3
Total 28 100.0
Frequency and percentage of moderate and severe COVID-19 cases within the
recent-infection group
Among participants who had an IgM-associated recent infection, moderate COVID-
19 (30 cases, 73.2%) was the most common clinical category as indicated in Table 6. Eleven
participants (26.8%) had severe disease [23]. About three-quarters of the recent-infection
group were moderately ill with COVID-19, and slightly more than 1/4 were severely ill.
Table 6. Clinical Severity Distribution Among Participants With IgM-Associated
Recent SARS-CoV-2 Infection.
Clinical severity n %
Moderate COVID-19 30 73.2
Severe COVID-19 11 26.8
Total 41 100.0
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4. Discussion

In the present study, 130 people were characterized in terms of SARS-CoV-2
serological patterns in Kirkuk, Iraq. Recent or previous exposure was found in 53.1% of
participants (31.5% were recent, IgM-associated, and 21.5% were previous, IgG-
associated). None of the participants had detectable serological evidence of both recent
and previous exposure. These results show significant exposure in the community, as well
as that almost half of the people tested did not have antibodies at the time of testing. It is
important to note that the serological results do not reflect a true history of exposure but
rather the result of factors such as host immune characteristics, assay performance,
vaccination and the timing of infection, as emphasized by Zhou et al. [24].

The percentage of patterns associated with IgM was higher than the percentage of
patterns associated with IgG, suggesting that the samples were collected during an active
community transmission. Taha et al. reported similar results in which the seroprevalence
estimates of IgM and IgG antibodies were around 31.1% and 26.6%, respectively in the
Iraqi population. The similarity to the current IgM rate could be due to similar patterns of
disease transmission, individual behaviour, vaccination uptake and laboratory testing
methodology in the region. However, the seroprevalence is very variable in time and
should not be considered as an epidemiological constant.

In the present study, the overall antibody positivity was lower than what was
observed in some studies carried out after important epidemic waves showed high
seropositivity. Lone et al. reported levels of anti-spike seropositivity over 80% in an area
with high unrecognized transmission rates. This discrepancy could be attributed to
sampling late after high peaks of epidemics, higher vaccination rate, higher population
density, different targets of the assays, and participation of subclinical infection cases.
Another significant factor is the ability of the assay to detect antibodies to spike, receptor-
binding domain, nucleocapsid or more than one antigen.

Hussein et al. also performed another regional study, which revealed 62.6%
positivity for SARS-CoV-2 antibody in Duhok compared to 53.1% in Kirkuk. Substantial
undetected transmission is suggested by the fact that more than half of their seropositive
participants reported that they had never had any symptoms. Variations in Duhok and
Kirkuk may be due to the timing of local epidemic waves, the sampling frames, population
mobility, compliance with preventive measures, vaccine uptake, and use of a total-
antibody electrochemiluminescence assay, instead of class-specific antibody assays (IgM
and IgG).

It is not necessarily a sign that the individuals don't have antibodies means they have
not been infected. Kucinskaite-Kodze et al. showed that antibody persistence varies from
one immunoglobulin class to another, by antigenic target, disease severity and individual
immune responses to SARS-CoV-2 infection. Mild or asymptomatic infections may have
resulted in seroreversion of some previously infected participants. On the other hand,
insufficient diagnostic sensitivity or early sample collection or immunosuppression may
not allow for detectable seroconversion.

There is a big interpretive question of whether isolated IgM positivity can be
considered as recent infection. Yan et al. found that, around one fourth of convalescent
patients had persistent SARS-CoV-2 IgM after up to one year from symptom onset [25].
Therefore, the presence of IgM does not mean that the infection has been recent. Ideally, a
confirmation should include information on onset of symptoms, RT-PCR or antigen
testing, serial antibody levels and clinical history, along with levels of antibodies
increasing or decreasing.

This paper also shows that the apparent stage of infection differed significantly
between commercial serological assays when testing for IgM and IgG positivity, making it
clear that the stage of infection is dependent on the platform being used [26]. These factors
can lead to discordant classifications because of cross reactivity, non-specific binding of
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IgM, diagnostic thresholds and sensitivity. As a result, it is more scientifically appropriate
to use the term ‘IgM associated pattern’ than the term ‘confirmed recent infection' unless
there is supporting virological evidence.

Likewise, IgG result is not a good indicator of the time of infection. While systemic
and mucosal antibodies have been found to last for months following SARS-CoV-2
infection, their dynamics vary among people [27]. IgG can then be interpreted as being
from recent infection, past infection, reinfection or vaccination or a combination of all
three. The significance will depend in part on the target antigen being the spike or the
nucleocapsid.

This is a difference between natural infection and vaccine. Anti-Spike antibodies can
be acquired by either infection or vaccination, while anti-nucleocapsid antibodies are more
specifically of natural infection origin for those that have received a spike-based vaccine,
explained Akinbami et al. [28]. In the present study some of those classified as having
‘previous infection' may have had vaccine-induced antibodies instead of being previously
infected. It should be clearly mentioned in the manuscript that this is a limitation.

Descriptively, there was a difference in the sex distribution of the two seropositive
groups. In the IgM-associated group, the ratio of females was higher (56.1%) while in the
IgG-associated group, the ratio of males was higher (71.4%). Another study in Zakho
showed that Hb markers were more prevalent in females than males, however, this was
not statistically significant [29]. Women may also be more responsive to this exposure, as
suggested by this agreement, or they may experience different exposure patterns, or
different seeking of healthcare and participation.

Al-Osta also found elevated levels of IgM in females in various age groups, which is
a general finding of female predominance in the recently infected group [30]. Biology
factors may include estrogenic signaling, X-linked immune genes and enhanced B-cell and
antibody responses. This pattern, however, may be seen without any difference in
susceptibility because of differences in participation, because of occupational exposure, or
because of household responsibilities, driven by testing.

The male predominance in the IgG-associated group on the other hand is consistent
with some evidence that exposure to clinically significant infection may lead to higher or
more persistent antibody levels in males. In a study of the Kurdistan Region of Iraq,
Khudhur et al. found that antibody levels for SARS-CoV-2 differed between sexes, but in
some cases increased and in others decreased, depending on the type of antibody and the
age of the individuals [31]. The proportion of IgG positive men may be due to increased
severity of infection and/or antigenic stimulation rather than increased frequency.

However, not all studies show significant gender differences. Kim et al. reported that
there was no significant gender difference in the level of neutralizing-antibody and the
decrease of it [32]. They found that the sex pattern was not descriptive as in the present
study. These may be due to variation in antibody type, antibody testing time, severity of
the disease, vaccination, sample size, population age, and quantitative antibody levels vs
qualitative antibody presence.

At the cellular level, women tend to develop more rapid antiviral and humoral
responses while men tend to have dysregulated inflammation and worse clinical
outcomes. These sex differences were thought to be due to sex hormones, X chromosome-
linked immune genes, innate antiviral signaling, and variation in adaptive immunity by
Arnold et al. [33]. The current results, however, only provide a descriptive distribution as
there is no mention of a P-value and the 61 seronegative were not included in Table 2. They
are not indicative of a statistical relationship between sex and serological pattern. All
serological categories should be used and a chi square or Fisher's exact test should be
performed.
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There was a descriptive difference among the ages of participants in the recent- and
previous-infection patterns. The mean age of the participants in IgM associated infection
group was higher than that of IgG associated infection group (51.6 vs. 43.7 years). IgM
group participants aged 260 years constituted the largest group (31.7%) followed by those
aged 50-59 years (29.3%). Zhai et al. also noted that age and clinical severity correlated
with SARS-CoV-2 antibody responses, with positive responses being more likely in older
or more severely affected patients [34].

Kim et al. found an average 1.46-fold greater neutralizing-antibody titer in those >50
years old compared to those who were younger, and a 2.41-fold greater for moderate or
worse disease. This may be due to the presence of more older people in the IgM-associated
group, as well as to the slower antibody kinetics seen clinically during key stages of
infection. It might also be related to the fact that it may be people in the community with
the symptoms who were targeted for testing, not just more people in the community.

The severity of COVID-19 has been shown to be increased with age, as a result of
immunosenescence, chronic low-grade inflammation, endothelial dysfunction, altered
innate immunity, and higher prevalence of cardiometabolic comorbidities [35]. In elderly
people, viral clearance could be delayed with prolonged viral replication and the presence
of detectable IgM may be prolonged. These mechanisms can offer a possible explanation
to the age distribution of the IgM associated group.

Some community serosurveillance studies have found that seroprevalence among
younger adults is higher than in older adults, however. In the NHANES analysis, anti-
nucleocapsid positivity was found to be lower in older adults, ranging from 59.7% in 18-
29 years old to 30.2% in adults 270 years old. This is in contrast to the skewed age
distribution of older people in the current recent infection group. Younger individuals are
more likely to have more social and occupational exposures, but tend to have less severe
illness, while older individuals are more likely to be medically tested if they have
symptoms.

The age distribution for the previous-infection group was more even with 25.0%
aged 30-39, 40—49 and 50-59 years. In the later phases of the epidemic infection-induced
anti-nucleocapsid seroprevalence peaked in younger age groups, as reported by Solastie
et al. [36]. The differences between the present findings and the previous findings might
be due to the time period covered by the study, variant circulation, vaccination strategy
and occupational exposure, and lack of weighting of the population in the Kirkuk sample.

Caution should also be used with the mean-age comparison as only means and
ranges were reported. Standard deviations, confidence intervals and an inferential test
were not given. If age is normally distributed, a Student's t-test should be used, but if not,
medians, interquartile ranges and the Mann-Whitney U test should be reported. In
addition, the wide ranges of 24-84 and 20-74 years indicate that there is a lot of variation
within each group to be summarized by the means only.

The study title mentions clinical severity, however severity categories are not
included in the provided tables, nor is there a comparison of antibody patterns between
the asymptomatic, mild, moderate, severe and critical disease states. Zervou et al. have
previously reported that early antibody responses, particularly of the IgA type, were
independent of age and sex and associated with critical COVID-19 [37]. This helps to
support the inclusion of a separate severity analysis but cannot draw a conclusion from
Tables 1-5 alone.

However, Baillie et al. demonstrated that antibody kinetics were significantly
impacted by sex, age and disease severity: delayed antibody peaks were observed in some
older males with severe disease. Therefore, age-sex ratios should not be evaluated
separately but in relation to the severity. A multivariable association model that
incorporated age, sex, comorbidities, symptom duration, vaccination status and disease
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severity would be more likely to show independent associations with patterns of IgM- and
IgG-associated patterns.

There are also limitations in this study in terms of the sample size and design. Only
28 patients in the IgG group were available, resulting in unstable percentages in age and
sex groups. It is important to recognise that cross-sectional serological studies have
limitations including the possibility of antibody waning and selection bias and do not
necessarily provide information about the timing of infection, as highlighted by Pham et
al. The classification of the stage of infection is further limited by the lack of paired
molecular testing and multiple sera.

Limitation:

Although with these limitations, these findings offer valuable local evidence of high
exposure to SARS-CoV-2 in Kirkuk, and showed an age and sex dependent serological
spectrum. Taha et al. highlighted the importance of regionally conducting serosurveillance
for detection of subclinical transmission and targeted public health planning. This study
calls for future studies to incorporate probability sampling, to include vaccination history,
to assay antigens and use combination of anti-spike and anti-nucleocapsid, and to validate
IgM-associated cases with RT-PCR or paired sera. The adjustment for other variables and
clearly defined categories should also be applied to clinical severity.

5. Conclusion

In this study, there were specific patterns of SARS-CoV-2 serology, including
antibody evidence of recent and previous infection in over half of the participants in
Kirkuk, Iraq. Descriptive differences in the frequencies of recent infection and previous
infection were noted, with IgM associated recent infection more frequent in females and
older age groups (50 years and older), and IgG associated previous infection more common
in males and widely distributed across the middle age groups. Among those who had
recently been infected, moderate COVID-19 was the most common clinical type of COVID-
19 that was reported, and about a quarter had severe COVID-19. The results suggest that
the SARS-CoV-2 serological profile can differ by demographic and clinical features. In
addition to the age, sex and clinical severity, a serological assessment should be included
and may provide valuable epidemiological information for the understanding of infection
patterns and the surveillance of SARS-CoV-2 in the local population.
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