
Vol.:(0123456789)1 3

Clinical and Experimental Medicine (2023) 23:2267–2273 
https://doi.org/10.1007/s10238-023-01005-4

RESEARCH

Comparison of immune response to SARS‑COV‑2 vaccine 
in COVID‑recovered versus non‑infected Individuals

Saadiya Mushtaq1 · Muhammad Khalid Azam Khan1 · Muhammad Qaiser Alam Khan2 · Muhammad Ali Rathore2 · 
Bushra Parveen2 · Misbah Noor2 · Eijaz Ghani2 · Aamir Bin Tahir1 · Hamid Nawaz Tipu1 · Biaoyang Lin3

Received: 31 December 2022 / Accepted: 18 January 2023 / Published online: 21 February 2023 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract
To determine the antibody levels at 6 months in SARS-CoV-2 vaccinated individuals in COVID-recovered versus non-
infected groups to determine the need to administer booster COVID vaccine in each group. Prospective longitudinal study. 
Pathology Department, Combined Military Hospital, Lahore for a period of eight months from July 2021 to February 2022. 
Two hundred and thirty three study participants in both COVID recovered and non-infected groups (105 participants in 
infected group, 128 participants in non-infected group) were subjected to blood sampling at 6 months post-vaccination. 
Anti-SARS-CoV-2 IgG antibody test was done using Chemiluminescence method. Comparison of antibody levels between 
COVID-recovered and non-infected groups was made. Results were compiled and statistically analyzed using SPSS version 
21. Out of 233 study participants, males were 183 (78%) while females were 50 (22%), mean age being 35.93 years ± 8.298. 
Mean Anti-SARS-CoV-2 S IgG levels among COVID-recovered group was 1342 U/ml and among non-infected group was 
828 U/ml at 6 months post-vaccination. Mean antibody titers in COVID-19 recovered group are higher than in non-infected 
group at 6 months post-vaccination in both groups.
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Introduction

Severe acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) is an enveloped, single-stranded RNA Beta-corona-
virus, now a recognized causative agent of Coronavirus dis-
ease-19 (COVID-19). SARS-CoV-2 originated from Wuhan 
city of China in early December 2019. All seven human 
coronaviruses have a zoonotic origin, among them those 
with high pathogenicity include Severe acute respiratory 

syndrome coronavirus (SARS-CoV), Middle east respira-
tory syndrome coronavirus (MERS-CoV) and Severe acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2) while 
others such HCoV-229E, HCoV-OC43 cause seasonal and 
usually mild respiratory tract infections. The transmission of 
SARS-CoV-2 is mainly from human to human via respira-
tory droplets and aerosols. Clinically SARS-CoV-2 has a 
variable disease severity ranging from asymptomatic illness 
or mildly symptomatic to severe disease and a fatal outcome. 
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It has posed a considerable risk to the vulnerable population, 
especially the elderly, immunocompromised population and 
exposed segments of the society such as health care workers 
and law enforcement agents [1].

During the early phase of COVID-19 pandemic, there 
was no scientific evidence of whether and how long patients 
would take to develop an immune response against SARS-
CoV-2, both in case of infection and later on post-vacci-
nation. Initially studies were conducted to define B-cell 
response and to determine how long antibodies mediated 
B cell immunity would last and provide protection follow-
ing infection. It was found that antibodies formed against 
SARS-CoV-2 in an infected patient have strong neutralizing 
capacity against receptor binding domain (RBD) of Spike 
(S) structural protein of the virus [1]. It was identified that 
SARS-CoV-2 gains entry to human cell through binding 
of RBD of S protein to angiotensin-converting enzyme 2 
(ACE2) receptor. ACE2 receptor is present on the surface 
of many cell types including alveolar type II cells in lung 
and epithelial cells present in the oral mucosa [1]. Later, the 
importance of T-cell mediated immunity following COVID-
19 also became the focus of investigation. However, similar 
B and T cell responses are expected following vaccination 
and now the scientific community is probing as to what role 
COVID-19 vaccines might play in developing protective and 
durable immune response to SARS-CoV-2 [2].

During COVID-19 pandemic, the immune response fol-
lowing SARS-CoV-2 Emergency use authorization (EUA) 
vaccines has been studied in clinical trials. A lot of vaccines 
being developed for COVID-19 have focused on initiating 
an immune response to RBD of S protein. Various studies 
have been carried out to demonstrate the duration of immune 
response and the effectiveness of immunity following vac-
cination against SARS-CoV-2 [3, 4].There are numerous 
reports on immune response following vaccines based on 
messenger RNA (mRNA) technique that include BNT162b2 
(Pfizer-BioNtech) and mRNA-1273 (Moderna) vaccines [5, 
6]. The reports have shown that these two mRNA vaccines 
are almost 90% effective in the prevention of COVID-19 
illness. Data on outcome of immune response follow-
ing vaccines which have primarily been rolled out in less 
developed countries is still deficient. These vaccines mainly 
include rAd26-rAd5 (Sputnik V), ChAdOx1 (AstraZeneca/
Oxford), and BBIBP-CorV (Sinopharm). These 3 vaccines 
had a dosage schedule of 2 administered at a minimum of 
three weeks interval. Clinical Trials have been conducted to 
determine the efficacy and safety profile of these vaccines 
[7–9]. A study conducted in elderly population of Faisalabad 
district of Pakistan showed that BBIBP-CorV (Sinopharm) 
vaccine was effective in reducing the risk of COVID-19, 
hospitalizations and mortality by 94.3%, 60.5% and 98.6%, 
respectively [10]. A randomized, double -blind, controlled 
phase 1/2 trial was conducted in participants younger than 

18 years to demonstrate the safety of BBIBP-CoV vaccine. 
It was found that BBIBP-CorV was safe and well tolerated 
at all tested levels of vaccine in study participants and the 
reported adverse reactions were mild to moderate in sever-
ity. The most common local and systemic adverse reactions 
reported were pain at injection site and fever, respectively, 
among all study participants [11].

We have conducted this study to demonstrate the antibody 
titers in Pakistani population at six months following vac-
cination with BBIBP-CorV among both COVID-recovered 
and non-infected groups. The rationale of this comparison is 
to observe whether durable and persistent antibody response 
persists in either or both of the groups. This comparison will 
enable to determine the need of booster vaccine in either or 
both of the groups.

Patients and methods

The study protocol was approved by Research Review 
Board Combined Military Hospital Lahore (IRB number 
350/2021). Informed consent was taken from study partici-
pants. It was a prospective longitudinal study which was car-
ried out on 233 study participants who were vaccinated with 
BBIBP-CorV, they were followed up for 6 months and their 
serum samples were collected 6 months after vaccination.

Study population

A total of 400 study participants who were health care work-
ers in Combined Military Hospital Lahore were initially 
enrolled in the study. Out of 400 participants, 100 partici-
pants who got booster dose/third dose of COVID vaccine 
during follow-up of 6 months and 67 participants who got 
infected after two doses (break-through cases) were excluded 
from study. As a result, 233 study participants were divided 
into two groups, 105 subjects in COVID-recovered group 
and 128 subjects in non-infected group. COVID-recovered 
participants included those who had a history of COVID-19 
in their medical record. Patient data such as age, gender, pre-
vious medical history and severity of COVID-19 symptoms 
were endorsed on study instrument pro forma. Individuals 
of both genders fulfilling the criteria were included. A blood 
sample was drawn from 233 participants and sampling was 
done for a period of three months from December 2021 to 
February 2022.

Anti‑SARS‑CoV‑2 S protein 
electro‑chemiluminescence immunoassay

Serum samples of study participants were analyzed by using 
 Elecsys® Anti-SARS-CoV-2 S protein RBD immunoas-
say with  Cobas®analyzer.  Elecsys® Anti-SARS-CoV-2-S 
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immunoassay is used for the quantitative determination of 
antibodies (including IgG) to the Spike protein (S) receptor 
binding domain (RBD) of SARS-CoV-2 in human serum. 
The test was performed according to manufacturer’s proto-
col. This immunoassay incorporates a recombinant protein 
which represents RBD of S protein of SARS-CoV-2. The 
immunoassay is based on double-antigen sandwich assay 
format which favors the detection of antibodies with high 
binding affinity against SARS-CoV-2 S protein. This assay 
is used to assess the patient’s humoral immunity against 
SARS-CoV-2 S protein. The linear range of this immuno-
assay is 0.4–250 U/ml, and with 10× dilution the antibody 

levels upto 2500 U/ml were measured. As per manufac-
turer’s protocol, antibodies level < 0.8 U/ml was considered 
non-reactive and > 0.8 U/ml was taken as reactive. Two hun-
dred and fifty U/ml was taken as a cutoff for its association 
with significant neutralization levels of Anti-SARS-CoV-2 
IgG antibodies [12].

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, version 21 (IBM Corp., Armonk, NY, 
USA). Mean antibody levels among COVID-recovered and 
non-infected group were determined using independent 
Samples T test. Correlations between mean antibody lev-
els and severity of symptoms in infected group were ana-
lyzed using chi-Square Test. The association of age groups 
(< 35, 35–55, > 55 years) with mean antibody levels and 
with cutoff of 250 U/ml among both COVID-recovered 
and non-infected participants was analyzed using the chi-
square test. A p value of < 0.05 was considered statistically 
significant.

Results

Mean age of 233 study participants was 35 ± 8.298 years. 
One hundred and eighty-three (78%) of the study partici-
pants were males and 50 (22%) were females. Baseline 
characteristics of study population are given in Table 1.

At 6 months post-vaccination in both groups, 100% 
of vaccine recipients had positive or detectable antibody 
response, i.e., > 0.8 U/ml. Mean Anti-SARS-CoV-2 S 
IgG levels among COVID-recovered group were 1342 U/
ml ± 100.67, while among non-infected group was 828 U/
ml ± 82.28 (p value: 0.000) as shown in Fig. 1.

Anti-SARS-CoV-2 Antibody level of 250 U/ml 
was taken as a cutoff for reported association with 

Table 1  Baseline characteristics of study population

Characteristic Value

Age (years) (mean ± SD) 35 ± 8.298
Gender (N: 233)
Male 183 (78%)
Female 50 (22%)
Vaccinated groups
Infected 105 (45%)
Non-infected 128 (55%)
Clinical grades in infected Group (N: 105)
Mild 33 (31%)
Moderate 44 (42%)
Severe 28 (27%)
Age groups (years)
Infected (N: 105)
 < 35 48 (46%)
35–55 55 (52%)
 > 55 2 (2%)
Non-infected (N: 128)
 < 35 62 (48%)
35–55 66 (52%)
 > 55 0

Fig. 1  Mean anti-SARS-CoV-2 
S IgG levels among vaccinated 
COVID-recovered and non-
infected groups
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neutralization [10]. Among 105 COVID-recovered partici-
pants, 82 (77%) had > 250 U/ml while 24 (23%) had < 250 
U/ml. Among the 128 non-infected participants 77 (61%) 
had > 250 U/ml while 50 (39%) had < 250 U/ml (p value: 
0.001).

In COVID-19 recovered group (n: 105), males (n: 70, 
66%) had mean antibody levels 1250 U/ml. Among males 
in recovered group, 53 (76%) had > 250 U/ml while 17 
(24%) had < 250 U/ml. Females (n: 35, 34%) in the recov-
ered group had mean antibody levels 1528 U/ml. Among 
females 29 (83%) had > 250 U/ml while 6 (17%) had < 250 
U/ml.

In non-infected group (n: 128), males (n: 113, 88%) 
had mean antibody levels 851 U/l. Among males in non-
infected group, 67 (59%) had > 250 U/ml while 46 (41%) 
had < 250 U/ml. Females (n: 15, 12%) in the non-infected 
group had mean antibody levels 659 U/ml. Among females 
in non-infected group, 10 (67%) had > 250 U/ml while 5 
(33%) had < 250 U/ml (p value: 0.95).

Mean antibody levels correlate inversely 
with clinical grades, i.e., lower the grade higher 
the mean antibody level

Mean antibody levels were analyzed in clinical grades, i.e., 
mild, moderate and severe using Independent samples T test 
(95% CI) as shown in Table 1 and correlation between sever-
ity of symptoms and neutralizing antibodies cutoff of 250 U/

ml by Pearson chi-Square test, and it was found statistically 
significant (p value: 0.000) as shown in Table 2.

Mean antibody levels correlate inversely with age 
groups

Mean antibody levels were analyzed in defined age groups, 
i.e., age group < 35 years, 35–55 and > 55 years using Inde-
pendent samples T test (95% CI) as shown in Table 2 and 
correlation between age groups and neutralizing antibodies 
cutoff of 250 U/ml by Pearson chi-Square test, and it was 
found statistically significant (p value: 0.004) as shown in 
Table 3.

Discussion

We sought to determine the humoral antibody response after 
vaccination with two doses of BBIBP-CorV in both COVID- 
recovered and non-infected groups in order to find out the 
need of booster COVID vaccine in each group. We have 
found that mean IgG levels in COVID-recovered group is 
reasonably higher than in non-infected group. These find-
ings are consistent with those of the comparison of humoral 
antibody response after being vaccinated with BNT162b2 
and mRNA-1273 [13]. It was found that with both types of 
vaccines previously infected study participants had signifi-
cantly higher antibody levels (mean titer, 9461U/ml {95% 

Table 2  Correlation between 
mean antibody levels and 
severity of symptoms

Severity of symptoms Mean anti-SARS-CoV-2 
IgG levels (U/ml)

Antibody level
 < 250 U/ml

Antibody level
 > 250 U/ml

p Value

Mild
(n: 33)

1650 2 (6%) 31 (94%) 0.000

Moderate
(n: 44)

1359 8 (18%) 36 (82%) 0.000

Severe
(n: 28)

954 13 (46%) 15 (54%) 0.000

Total
(N: 106)

23 82

Table 3  Correlation between 
mean antibody levels and age 
groups

Vaccinated study groups Age groups
(years)

Mean anti-SARS-
CoV-2 IgG levels 
(U/ml)

 < 250 U/ml  > 250 U/ml p Value

COVID-19 Recovered group
(N: 105)

 < 35 (n, 48) 1228 15 (31%) 33 (69%) 0.004
35–55 (n, 55) 1426 8 (15%) 47 (85%) 0.004
 > 55 (n, 2) 1781 0 2 (100%) 0.004

Non-infected group
(N: 128)

 < 35 (n, 62) 1033 20 (32%) 42 (68%) 0.001
35–55 (n, 66) 637 31 (47%) 35 (53%) 0.001
 > 55 (n, 0) – – – –

Total 74 159 233
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CI}) compared with previously non-infected study partici-
pants (mean titre,1613 U/ml {95% CI}) [13]. Our findings 
are also in concordance with a retrospective cohort study on 
humoral immune response to BBIBP-CorV in health care 
workers [14]. It was demonstrated that previously infected 
health care workers had a 10.9, 14.3 and 8.6 fold higher IgG 
antibody titer than previously non-infected at 21, 90 and 
180 days post-vaccination, respectively [14]. In our study 
we have also observed a linear relationship between neu-
tralizing antibodies level after SARS-CoV-2 vaccination 
in COVID-recovered versus non-infected groups showing 
clearly that COVID-recovered participants had more neutral-
izing antibodies levels than the non-infected groups. This 
has also been demonstrated by several studies [15, 16] which 
have also established that the neutralizing antibody response 
dynamics can accurately determine immune response lon-
gevity in COVID-19 recovered individuals.

We determined the difference in antibody response in 
both genders in our study. It was found that COVID-recov-
ered females have higher antibody levels than COVID-recov-
ered males. This finding is consistent with earlier evidence 
which tells that infected females generate a stronger humoral 
immune response and also generate a higher vaccine medi-
ated immune response than males [17, 18]. However, in the 
non-infected group, males have higher mean antibody levels 
than females which is consistent with many studies [19]. 
This difference of mean antibody levels in both genders in 
the COVID-recovered and non-infected group was not found 
statistically significant.

There is a positive correlation of antibody levels with 
age groups in infected participants being high in age 
group > 55 years than in 35–55 and < 35 years (p value: 
0.004). We have found a negative correlation of mean anti-
body levels with age in previously non-infected participants 
(p value: 0.001), being high in age group younger than 
35 years than in > 35–55 years age group which is in agree-
ment with other studies [13].

There is scarcity of scientific evidence regarding the asso-
ciation of mean antibody levels with severity of COVID-19 
symptoms in individuals after vaccination. We have dem-
onstrated in our study the difference of mean antibody lev-
els in infected group post-vaccination according to severity 
of symptoms at the time of infection. The clinical grading 
was done according to World Health Organization (WHO) 
clinical criteria for management of COVID-19 [20]. We 
found that post-vaccination study participants with mild 
symptoms during COVID-19 had higher antibody levels 
(Mean IgG level: 1650  IU/ml) than those with moder-
ate symptoms (Mean IgG level: 1359 IU/ml) and severe 
symptoms (Mean IgG level: 954 IU/ml). This association 
of antibody levels with clinical grades in study participants 
post-vaccination compares variably with studies conducted 
in vaccinated infected individuals. Wolszczak-Biedrzycka B 

has demonstrated in his study that those with severe symp-
toms during the course of COVID-19 develop a higher 
antibody titer post-vaccination than those with mild and 
moderate symptoms [21]. The disagreement of our study 
with these studies might be due to the fact that different 
vaccine types are used in these studies. According to the 
immunopathogenesis of SARS-CoV-2 virus studied so far, 
both the functional and dysfunctional immune response in 
an individual determine the outcome of COVID-19. In both 
the responses IgG antibodies are produced in abundance; 
however, the high titer of neutralizing antibodies results in 
a mild disease whereas on the other hand, high levels of 
non-neutralizing antibodies are generally associated with 
severe disease [1, 22]. A study conducted to understand the 
biology of afucosylated immune complexes demonstrated 
that afucosylated non-neutralizing IgG antibodies specific to 
SARS-CoV-2 were associated with severe COVID-19. Non-
neutralizing afucosylated IgG immune complexes isolated 
from COVID-19 patients with severe disease were shown to 
induce inflammatory cytokine production and robust infiltra-
tion of the lung by immune cells [22]. There is currently no 
gold standard assay available for comparing SARS-CoV-2 
neutralizing as well as non-neutralizing antibody profiles 
[23] after COVID-19 as well as post-vaccination.

Our data have shown the antibody persistence through 
6 months after vaccination in both infected and non-infected 
groups and support the use of this vaccine to combat the 
COVID-19 pandemic. However, further studies should be 
done to compare the immune response post-vaccination 
in two groups beyond 6 months to determine the need of 
booster dose accordingly. It is also not clear and yet to be 
established whether vaccine mediated antibody response 
among seropositive individuals will show longevity as com-
pared to that in non-infected individuals [24].

The present study suggests that previously infected 
individuals after receiving two doses of COVID vaccine 
should be subjected to serological testing for IgG antibod-
ies, in order to prioritize the use of booster vaccine doses 
to those individuals with no history of previous infection. 
This approach will accelerate the vaccine and its booster 
roll out in developing countries. Moreover, unnecessary 
booster doses may lead to increase in reactogenicity and 
an increase in vaccine hesitancy among recipients [21].

The limitation of our study was small sample size 
because167 study participants had to be excluded in fol-
low up of initially enrolled 400 study participants post-
vaccination. One hundred out of them got booster COVID 
vaccine and 67 got break-through infection after two doses 
of COVID vaccine. Moreover, the study was conducted 
on health care workers who were continuously exposed 
to SARS-CoV-2 in hospital environment, and there is a 
marked possibility of health care workers in non-infected 
group to have history of asymptomatic COVID-19 without 
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having knowledge and documentation through positive 
RT-PCR. A future study at community level on a large 
scale will be planned to cover these limitations.

Conclusion

Our study has provided evidence that after the two doses 
of COVID vaccine, the humoral immune response against 
SARS-CoV-2 in individuals with a previous history 
of SARS-CoV-2 infection is greater than those in non-
infected participants. The booster COVID vaccine should 
be prioritized for vaccinated population not previously 
infected with SARS-CoV-2 over those being vaccinated 
and infected with COVID-19.
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