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Coronavirus disease 2019 mass vaccination has led to drastic reduction in hospitalizations and mortality.
A number of case reports have emerged reporting coronavirus disease 2019 infection within days following
vaccination. There is a need to understand development of immune antibodies in the early post-vaccination
period. A prospective analysis of immunoglobulin M and immunoglobulin G kinetics was conducted during the
first 28 d following vaccination with either CanSino or Sinovac vaccines in a cohort of 40 healthy volunteers.
Serial blood samples were collected from the volunteers right before the first dose of vaccine (d 0) and then
ond4,d7,d14,d 21, d 24 and d 28 post-vaccination. Using enzyme-linked immunosorbent assay, circulating
anti-severe acute respiratory syndrome coronavirus 2 receptor binding domain immunoglobulin M and
immunoglobulin G antibodies were analyzed. Most vaccine recipients (31/40) did not develop any circulating
immunoglobulin M. The remaining 9 recipients showed a typical immunoglobulin M curve with antibodies
appearing on d 4, peaking on d 7 and declining on d 21 and beyond. Immunoglobulin G response was more
typical within 38/40 recipients showing the appearance of immunoglobulin G on d 4, which continued till the
end of the study period. This study demonstrates that vaccine-induced immunoglobulin M-based immunity
cannot be relied during the first few days following vaccination and more time is needed to have a better
picture of the real situation.
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Coronavirus Disease 2019 (COVID-19) has emerged
at the end of 2019 from China and less than half a

Vaccines were thought at first to prevent from Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-

year was declared as a pandemic!'l. A rapid increase
in the number of cases and deaths urged the scientific
community to respond quickly and deal with the
virus in a dual strategy: Treat the sick and find ways
to halt the spread of the disease!®. Vaccines got the
spotlight and with an exceptional pace, different
vaccine candidates were launched?®. The incidence
of COVID-19 related hospitalizations and deaths
was reduced drastically upon the use of vaccines!.
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CoV-2) infection®™. This seemed quite desirable and
achievable at the start. But as more and more people
got vaccinated, certain breaches occurred, though
less common but significant importance was noted.
Breakthrough infections were one such concern
that shifted the focus much on symptomatology
of the disease after many studies reported cases of
infections within 1-7 d following vaccination!®”!, Tt
was established that “the vaccine provides protection
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against developing serious symptoms once one
gets infected” would be a more realistic statement.
Breakthrough infection is defined as the detection of
SARS-CoV-2 Ribonucleic Acid (RNA) or antigen in
a respiratory specimen collected from a person 14 d
after receiving a dose of an authorized COVID-19
vaccine!®. This added a new aspect to the ongoing
research on immunological response initiated by the
vaccine.

The breakthrough infections are labelled on d 15 or
later and after receiving the vaccine. The short-term
immunological response to COVID-19 vaccination,
which is poorly understood, needs further elucidation.
As far as the chronology of immunological response
to SARS-CoV-2 infection is concerned, it is generally
understood that Immunoglobulin M (IgM) antibodies
provide an early response to infection before the
appearance of high affinity levels of Immunoglobulin
G (IgG) antibodies”. However, the kinetics of early
IgM and IgG in response to vaccination is still
under intensive investigation which could, probably,
provide an answer to the emergence of breakthrough
infections!'%!,

The World Health Organization (WHO) established
a Target Product Profile (TPP) for COVID-19
vaccines, with the preferred vaccine demonstrating
at least 70 % efficacy!!?. The most common vaccines
provided in Pakistan include the CoronaVac (Sinovac
Biotech Ltd) and CanSino (CanSino Biologics Inc.).
CanSino vaccine, developed by CanSino Biologics in
collaboration with Beijing Institute of Biotechnology,
developed the vaccine using replication deficient
human Adenovirus type 5 vector-novel Coronavirus
(Ad5-nCoV) expressing the SARS-CoV-2 spike
(S)-protein!'®!. In February 2021, global data from
phase III trials and 101 COVID cases showed that
the vaccine had a 65.7 % efficacy in preventing
moderate symptoms and 91 % efficacy in preventing
severe disease. CoronaVac is an inactivated virus of
COVID-19 vaccine developed by Sinovac (China)
14 Tt has been evaluated in phase III clinical trial
in Turkey. Phase III results from Turkey showed
an efficacy of 84 %, based on the data from 10 218
participants in the trials("!.

This vaccine induced a Receptor Binding Domain
(RBD) with antibodies developing in 94 %-100 %
of the participants. The single dose efficacy against
all symptomatic and severe COVID-19 cases was
68.83 % and 95.47 %, respectively, on d 14 post
vaccination. Some common adverse reactions
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were noted with no serious concerns. A phase III
clinical trial showed that the efficacy of CoronaVac
was 51 % against symptomatic and 100 % against
severe SARS-CoV-2 infection after the 2" dose.
Another study showed that the CoronaVac induced
a significant humoral response with the anti-RBD
IgG antibodies to be of significant importancel.
Most common adverse reactions were those of no
significant or serious consequences. However, a
study on a large population in Hong Kong reported
that the vaccine was associated with Bell’s palsy in
some of the participants!'®. However, serological
studies particularly investigating early humoral
responses among the recipients to these vaccines are
lacking.

This study was designed with the objective of
investigating the short-term immunological response
to CanSino and CoronaVac vaccines on a group of
adult volunteers. The adult participants enrolled
and included in the study were checked for their
anti-spike IgM and IgG response following the
administration of either CanSino or Sinovac vaccine.
Humoral response was evaluated at seven different
time points during a 28 d period post vaccination.

MATERIALS AND METHODS

This prospective follow up study was conducted at the
Institute of Pathology and Diagnostic Medicine (IPDM),
Khyber Medical University (KMU), Peshawar, Pakistan
in collaboration with scientists from King Abdulaziz
University in Jeddah, Saudi Arabia. The study population
comprised adults living in the Peshawar district. This
study was approved by the ethics committee of Khyber
Medical University-Advance Studies and Research
board with the ethical approval number of DIR/KMU-
ASRB/A1/001436. After ethical approval, participants
with their signed informed consent were enrolled in this
study. Participants with the history of immunodeficient
disease and known COVID-19 patients were excluded
from this study.

Levels of circulating anti-SARS-CoV-2-RBD IgM
and IgG antibodies in the serum were assessed at 7
different time points, firstly, just immediately before
the administration of the vaccine (d 0) and then on d 4,
d7,d 14,d 21, d 24 and d 28 post-vaccinations. Blood
samples were collected in Ethylenediaminetetraacetic
Acid (EDTA) containing tubes (category number:
367856, BD Biosciences, New Jersey, United States
of America (USA)) for complete blood counts at each
time point. Samples for IgM and IgG assessment were
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collected in Z-serum clot activator tubes (category
number: 367983, BD Biosciences, New Jersey, USA),
centrifuged at 1500 g for 20 min and the supernatant
serum transferred to an Eppendorf tube.

SARS-CoV-2 IgM kit (category number: 41A246R)
and IgG kit (category number: 41A235) were used
(ImmunoDiagnostics (IMD) kits, Sha Tin, Hong Kong).
These kits work based on the principal of indirect,
Enzyme-Linked Immunosorbent Assay (ELISA) to
detect antibodies against S1 region of the SARS-CoV-2
virus including the RBD.

IMD SARS-CoV-2-IgM ELISA kit is a two steps
incubation immunoassay kit used for the detection of
anti-spike protein IgM antibodies. The micro-wells of
the plate are coated with SARS-CoV-2 S1 protein, so
that they form a complex (Antigen-antibody complex).
At 1 h incubation, the antibodies present in serum were
captured by immobilized SARS-CoV-2 S1 protein while
the unbound component was removed by washing. After
washing away the unbound materials, the enzyme-
linked secondary antibody (anti-human polyclonal
antibodies) was added, which then conjugate with the
Horseradish Peroxidase (HRP) and attach to the primary
antibody. Once the 1 h incubation time is completed, the
unbound antibody was removed and a HRP-substrate
solution was added which is chromogenic containing
3,3’,5,5’-Tetramethylbenzidine (TMB). This resulted
in a chemical reaction which forms blue color in the
wells. The excessive blue color is stopped by adding 2
M Sulphuric acid (H,SO,) to the wells which converts
the blue color to yellow in the wells. The yellow color
was then quantified by measuring its absorbance in the
micro plate reader at 450 nm

Statistical analysis:

Data was entered and analyzed by using Statistical
Package for the Social Sciences (SPSS) version
25.0. Frequency and percentages were calculated
for categorical data and mean with Standard
Deviation (SD) were calculated for continuous data.
Independent t-test was used to compare the mean age
between IgM responders and non-responders, while
chi-square test was used for categorical variables. A
p-value less than 0.05 were considered statistically
significant. Multiple linear regression was used to
identify the determinants of IgG level at 28 d. The
results were presented as adjusted and unadjusted
beta (B) and 95 % Confidence Interval (95 % CI).

RESULTS AND DISCUSSION
A total of 40 Pakistani participants were enrolled
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in this study. Out of whom 28 were males and 12
were females. The mean age of the participants was
47.8+7.8 y. 3 participants had a known comorbidity.
14 participants were Punjabi by ethnicity and 26
were Pushtoons (Table 1).

IgM response following vaccination was explained
in this study. The IgM levels of the vaccinated
recipients were assessed on d O (just before taking
the vaccine) and on d 4, d 7, d 14, d 21 and d 28
thereafter. Two different groups were identified.
Only 9 out of 40 participants showed at least 4-fold
increase in IgM levels above the baseline (fig. 1).
They were grouped as IgM responders. The mean
IgM levels in these 9 participants showed IgM
response curve. IgM levels increased progressively
on d 4 and d 7 post-vaccination, and then started to
decline on d 14, and then they reached a plateau level
till d 28. However, these differences were statistically
non-significant. The remaining 31 were labelled as
‘non-responders’ did not show any increase in the
cut-off criteria at any point after vaccination. There
was no statistically significant difference between
the IgM responders and non-responders in terms of
age, gender, ethnicity, presence of comorbidities or
the type of vaccine used (Table 1).

IgG response following vaccination was shown here.
The IgG levels of recipients increased progressively
during the follow up period was shown in fig. 2A.
Serum IgG levels of healthy vaccine recipients were
determined before (0 d) and 4 d, 7 d, 14 d, 21 d, 24
d and 28 d post vaccination. Based on presence of
COVID-191gG antibodies on d 0 (before vaccination),
participants were divided into ‘previous exposure’
and ‘naive exposure’. In both groups, the IgG levels
increased progressively till d 28 (fig. 2B). Only 2
participants showed no detectable levels of IgG over
the 28 d period. Using logistic regression analysis,
‘previous exposure’ and vaccination with Sinovac
had a significantly higher levels of COVID-19 IgG
levels (p<0.001 and p<0.002 respectively) (Table 2).

We report that in the majority of Sinovac and
CanSino COVID-19 vaccine recipients, IgM
response was not detected in the participant’s blood.
In those with detectable response, peak circulating
IgM levels were detected on d 7 post vaccination.
IgG response, on the other hand, showed a robust
increase that began as early as d 4 and kept increasing
till d 28.

It is well known that IgM will be detected in blood
of vaccinated individuals as early as d 4 post
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infection, peaking rapidly during the following week
and then declining sharply thereafter!!”). Regarding
SARS-CoV-2 infection, some studies have reported
that typical IgM kinetics with detectable levels of
antibodies appearing as early as d 4 post infection and
declining to below baseline levels in around, d 28['8,
However studies suggested that infection with SARS-
CoV-2 is peculiar in this sense that Immunoglobulin
A (IgA) and IgG develop before IgM!'"”. Along the
same line, studies on the vaccine report demonstrated
that as many as half of recipients do not develop
IgM response. They also indicated that a group of
recipients developed the IgM response after the IgG
responsel?”. These differences might be because of
the type of vaccine administered or the antibody
detection method used. Nevertheless, based on the
data obtained in this study, vaccine recipients should
not be considered as immune until the emergence of
anti-spike IgG.

IgG is a biomarker for sustainable longer-term
immunity®!. The IgG response in our cohort was more
robust. Recipients with previous, relatively recent,
exposure to SARS-CoV-2 showed higher levels of
IgG at each time point. This is intuitive. An argument
for considering COVID-19 as an immunizing event
and considering vaccination as a booster vaccine
has previously been recommended™. Our findings
support this hypothesis. Sinovac induced a different
IgG response compared to CanSino. Whether the
observed differences in IgG levels during the first
28 d are narrowed down during the corresponding
weeks it could not be seen.

This pilot study is limited by its small sample size.
Additionally, we could not test neutralizing activity
of the antibodies. Nevertheless, anti-RBD antibody
levels have shown close correlation with neutralizing
activity. Availability of multiple measurements along

TABLE 1: BASELINE CHARACTERISTICS OF THE STUDY POPULATION

Variables Number (%) (n=40)  IgM responders (n=9) IgM non-responders (n=31) p-value
Age (mean+SD) 47.8+7.8 46.2+6.4 48.2+8.2 0.512
Gender (n=40)
Male 28/40 (70 %) 6 (21.4) 22 (78.6) 1
Female 12 (30 %) 3 (25) 9 (75)
Comorbidities (n=3) 3(7.5%) 2 (66.7) 1(33.3) 0.545
Ethnic group (40)
Punjabis 14 (35 %) 4 (28.6) 10 (71.4 0.694
Pushtoons 26 (65 %) 5(19.2) 22 (84.8)
Vaccine type (40)
CanSino 20 (50 %) 4 (20) 16 (80) 0.5
Sinovac 20 (50 %) 5 (25) 15 (75)
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Fig. 1: IgM response following COVID-19 vaccination

Note: Serum IgM levels of healthy vaccine recipients were determined before (0 d) and 4 d, 7 d, 14 d, 21 d, 24 d and 28 d post vaccination. Based on
at-least 4-fold increase (from d 0) in circulating IgM, recipients were grouped into ‘IgM response’ and ‘no response’. Mean IgM levels of both groups
were plotted against time. Error bars represent SD, (---) IgM no response and (— ) IgM response
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Fig. 2: IgG response in exposed and naive recipients
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Note: (A) Mean IgG values of the vaccine recipients plotted against time. Error bars represent standard deviation; (B) Based on serum IgG positivity
on d 0 (before vaccination), participants were grouped into ‘naive exposure’ (no circulating anti-SARS-CoV-2 IgG before vaccination), or ‘previous
exposure’ (anti-SARS-CoV-2 IgG positive before vaccination). Levels of circulating IgG in the two groups at each follow up were plotted against
time. Dotted line (.....) represents ‘previous exposure’ group and dashed line (---) represents ‘naive exposure group

TABLE 2: MULTINOMIAL LOGISTIC REGRESSION ANALYSIS FOR POST SARS-CoV-2 VACCINE RECIPIENTS

Contents Unadjusted model B (95 % Cl) p-value Adjusted model B (95 % ClI) p-value
Age -2.5 (-12.6-7.4) 0.60 -2.5 (12.5-7.4) 0.14
Gender -83 (-109.3-89.2) 0.84 -83 (-195-29) 0.79
Previous infection 118.3 (31.2-205.4) 0.009* 151 (67-235.1) 0.001*
Vaccine 81.5 (-5.5-168.4) 0.06 138.100 (64.6-211.6) 0.001*

Note: *p<0.05

the follow up period provided important perspectives
on the kinetics of immune response following
COVID-19 vaccination.
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