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Abstract

Background Mass vaccination efforts worldwide have reduced the incidence of COVID-19, but despite this reduc-
tion, seroconversion studies in sub-Saharan Africa are limited. The aim of this study is to assess the incidence

of seroconversion in subjects who received the first dose of SARS-COV-2 vaccine (AstraZeneca, Moderna and Pfizer)
in Kinshasa.

Methods This was a prospective study recruiting 918 subjects vaccinated at the Cliniques Universitaires de Kinshasa
between 19 April and 14 August 2021. Sociodemographic, haematological, biochemical and serological data were
collected. Cox proportional hazards were used to identify predictors of seroconversion with a threshold of p < 0.05.

Results Of the 918 vaccinated individuals, 69.3% were men with a mean age of 47.4+16.0 years. The incidence

of seroconversion at last follow-up was 3.00 per 100 P-D. Patients receiving Pfizer (aRR: 3.19; 95% Cl: 2.62-3.88)

and Modern (aRR: 1.91; 95% Cl: 1.60-2.29) vaccines, men (aRR: 2.03; 95% Cl: 1.89-3.20), those with comorbidities (aRR:
2.38;95% Cl: 1.89-3.21); subjects with normal creatinine (aRR: 2.08; 95% Cl: 1.88-3.32) and normal ALT (aRR: 3.04; 95%
Cl: 1.89-4.22) were the factors independently predicting seroconversion.

Conclusion The vaccines used had conferred significant immunity on subjects upon receipt of the first dose. This
immunity appears to be greater when using the mRNA vaccine than when using the inactivated vaccine.
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Introduction

Coronavirus 2019 (COVID-19) has posed an unprec-
edented challenge to public health worldwide. As of
December 31, 2023, more than 773 million cases of
COVID-19 have been reported to the World Health
Organization (WHO), with more than 7 million deaths
due to COVID-19 [1-3].

To halt the spread of SARS-CoV-2, global mass vacci-
nation efforts have been launched, with 13.6 billion doses
of vaccine administered by December 31, 2023, sav-
ing tens of millions of lives worldwide and dramatically
altering the course of the pandemic [4, 5]. Controlled
clinical trials and real-life clinical studies have provided
clear evidence of the efficacy of COVID-19 vaccines [6].
In clinical trials, the BNT162b2 mRNA vaccine devel-
oped by Pfizer/BioNTech showed 95.0% efficacy (95%
CI: 90.3-97.6%) in preventing symptomatic COVID-19
with onset seven days or more after the second dose [7,
8]. Moderna’s mRNA-127 vaccine was 94.1% (95% CI:
89.3-96.8%) effective in preventing symptomatic infec-
tion with onset at least 14 days after the second dose
[9]. When the prevalence of COVID-19 increased, only
about 50% of the population was fully vaccinated, with
an even smaller fraction fully vaccinated worldwide [10].
In addition, there have been reports of reduced vaccine
efficacy against emerging variants and local increases in
COVID-19 cases despite mass vaccination, raising ques-
tions about the potential and necessity of booster doses
[11]. Vaccination rates in the Democratic Republic of
Congo (DRC) are low compared with expectations, due
to the reluctance of a large proportion of the population
to take the vaccine [12]. During vaccination three vac-
cines were increasingly used (AstraZeneca, Moderna and
Pfizer) to protect all social strata against the severe form
of SARS-COV-2. These vaccines have been shown to be
more effective in seroconversion after administration of
doses according to the literature [6-8], but in the DRC,
studies showing this efficacy are so far rare. The aim of
this study is to assess the incidence of seroconversion in
subjects who received the first dose of SARS-COV-2 vac-
cine (AstraZeneca, Moderna and Pfizer) in Kinshasa.

Methods

Study design

This was a prospective cohort conducted at the Cliniques
Universitaires de Kinshasa during the period from April
19 to August 14, 2021. This cohort consisted of three
arms (A, B and C) to evaluate the serological, biochemi-
cal and hematological parameters in pre-dose 1 and 2 of
AstraZeneca, Moderna and Pfizer vaccines. Sampling
was exhaustive and of convenience. Sample size was 500
participants per arm.
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Enrolment was based on written informed consent,
with freedom to withdraw without coercion. Inclusion
criteria were: no symptoms suggestive of COVID-19,
residence in Kinshasa and age 18 or over, having received
a dose of one of the selected vaccines. Criteria for non-
inclusion included IgG-positive subjects prior to vaccine
administration, and patients with COVID-19 hospital-
ized in COVID-19 treatment centers. A total of 1,500
subjects were randomized according to the 3 vaccines
used in the vaccination.

Hematological, serological and biochemical data collection
and analysis

Data were collected using a form prepared by our
research group. The parameters of interest were selected
and collected by means of questioning for sex, age and
profession; and by haematological, serological and bio-
chemical analysis in the laboratory of the University Clin-
ics of Kinshasa.

Assessment of anti-COVID-19 immunoglobulin G (IgG)

and anti-COVID-19 immunoglobulin M titres

Collection of 2 blood samples in tubes of approx. 5. 0 ml
each, one with Vacu Lab K3EDTA anticoagulant (purple
cap) (Belliver Industrial Estate Belliver Way Roborough,
Plymouth, PL6 7BP, UK) for haematological analysis
in the hours following collection, the other dry without
anticoagulant (red cap) for subsequent serological and
biochemical analyses prior to administration of the first
dose (Pre-dose 1) and repeat the same operation on day
28 prior to administration of the 2nd dose for the 2 RNA
vaccines and on day 56 prior to administration of the 2nd
dose (Pre-dose 2) for AstraZeneca.

Blood samples collected at the vaccination site were
transported to the analysis laboratory in a suitable cooler,
then stored at —20°C or —80°C. As soon as the blood was
introduced into the Vacu Lab K3EDTA tube (Belliver
Industrial Estate Belliver Way Roborough, Plymouth, PL6
7BP, UK), the tube was held vertically and then gently
inverted 8—10 times to allow mixing with the anticoagu-
lant, a sine qua non for hematological analysis. The blood
collected in the dry tube was centrifuged at 3,000 rpm
for 5 min to obtain serum. This serum was aliquoted and
stored at —20°C or —80°C at the Laboratoire Central of
des University Clinics of Kinshasa until the day of analy-
sis. Blood samples collected at both times were processed
within 24 h of collection for haematological analysis, and
later for serological-biochemical analysis at the Labora-
toire of de the Department of Clinical Biology at Univer-
sity Clinics of Kinshasa.

IgG levels were assessed by high-throughput multi-
plex quantitative suspension technology against a panel
of SARS-CoV-2 antigens: the full-length spike protein (S)
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and receptor-binding domain (RBD) produced at IDIBAP
(both fused with C-terminal 6xHis and StrepTag purifi-
cation sequences and purified from the supernatant of
lentivirally translated CHO-S cells grown in a fed-batch
system) [13]. Serology, biochemistry and haematology
were performed on Mindray CL1200i and Automate
d’hématologie BC5150, respectively.

Vaccination data

In this study, the vaccines used were Pfizer BioNTech-
Pfizer, AstraZeneca (ChAdOxl1 nCoV-19, Oxford-
AstraZeneca) and Moderna (ARNm-1273, Moderna,
Cambridge, USA). These vaccines were offered on a
voluntary basis to all individuals. We used vaccination
records to identify the number of doses, date of admin-
istration and trade names of the vaccines for each study
participant. We defined participants as partially vacci-
nated when they had received one dose out of two sched-
uled in the vaccination schedule.

Operational definitions

Seroconversion was defined as a change from negative
IgG serological status to positive serological status after
administration of [14] vaccine doses. A positive sero-
logical state is defined as any individual with an IgG
level >10.0 Cut off index (COI) [15]. The abnormal cre-
atinine level was defined in the subject having a serum
creatinine level greater than 1.47 mg/dL.

Statistical analysis

Data were compiled in an Excel 2010 (Microsoft 365)
database designed for COVID-19 vaccination surveil-
lance at Cliniques Universitaires de Kinshasa. The results
were presented as means (* standard deviation), medians
(IQR) and proportions (%) according to the cases. Paired
t-tests (Wilcoxon test) were performed to compare IgG
in pre-dose 1 and 2. One-way ANOVA t-test supple-
mented by Bonforoni post hoc test, Kruskall Wallis H
and Pearson Chi-square or Fischer exact test were per-
formed, respectively, to compare means, medians and
proportions in the two groups. Probabilities of serocon-
version were described using Kaplan—Meier curves, and
comparisons of these groups were made using the Log-
rank test. The Cox regression test was used to identify
factors associated with seroconversion, and the Adjusted
Relative Risk (aRR) and their 95% confidence intervals
(CI: 95%) were calculated to estimate the beneficial effect
of the vaccine in the population. The threshold for statis-
tical significance was set at p<0.05. Statistics were per-
formed using IBM SPSS (SPSS Inc., 233 South Wacker
Drive, 11th Floor, Chicago, IL 60606—6412) for Windows
version 24.
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Ethical considerations

The research protocol had obtained the favorable opin-
ion of the Ethics Committee of the School of Public
Health of the University of Kinshasa at No. ESP / CE /
078 / 2023. The data was collected and analyzed anony-
mously with rigor respecting the standards of confiden-
tiality to be used only for the drafting of the work. The
study was carried out in accordance with the Declara-
tion of Helsinki (see supplementary data).

Results

A total of 1,500 subjects were randomized into 3 arms.
arm A received AstraZeneca vaccine (n =500 subjects),
arm B received Moderna vaccine (#=500) and arm
C received Pfizer vaccine (#=500). According to the
study inclusion criteria, each subject had to have a neg-
ative IgG level, and any individual with a positive IgG
level was excluded from the study. A total of 582 sub-
jects were excluded after initial screening (Fig. 1).

The mean age of the study population was
47.4+16.0 years with a significantly higher mean age
in subjects who received the AstraZeneca vaccine
(p<0.001). Males predominated in the vaccinated sam-
ple (69.3%, sex ratio of 2 M/1F), 26.1% had comorbid-
ity, the difference in sex distribution and comorbidity
according to the vaccine was not the same (p<0.05).
The mean and median values of creatinine, urea, ALT,
AST, T bil, Hb and Hct were significantly different
compared to the 3 vaccines (p <0.05) (Table 1).

In predose 1, all hematological and biochemi-
cal parameters had abnormal values in excess of 10%,
with the exception of creatinine and basophil, where
only 3.2% and 1.7% of the population respectively had
abnormal values (Table 2).

Evolution of IgG in the study population
The median of IgG had significantly increased
after administration of the first dose of the vaccine
(p<0.001). This increase was greater in subjects who
had received the Moderna and Pfizer vaccines (Fig. 2).
The observed increase in IgG tended to be signifi-
cantly greater in subjects who received Moderna and
Pfizer (p<0.001). In addition, the other parameters
analyzed (age, sex, occupation and comorbidity) did
not show statistically significant differences (p>0.05)
(Table 3).

Seroconversion

Seroconversion rate

During follow-up, 889 of 918 subjects (96.8) had
increased IgG within normal limits. All patients who
received Pfizer had dynamic seroconversion compared
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Total subjects recruited into the cohort

(n=1500)
AstraZeneca vaccine Moderna vaccine Pfizer vaccine
(n=500) (n=500) (n=500)
Excluded due to Excluded due to Excluded due to
IgG in pre-dose 1210 —1gGin pre-dose gG in pre-dose
col 1210COl 1210 COlI
(n=187) (n=207) (n=188)

Included in the study

(n=313) (n=293)

Included in the study

Included in the study
(n=312)

(n=918)

Totalincluded in the study

Fig. 1 Study flow-chart showing the recruitment subject into the cohort. COIl: Cut off index, IgG: immunoglobulin G. Arm A: subjects who received
AstraZeneca vaccine, Arm B: Subjects who received Moderna vaccine and Arm C: Subjects who received Pfizer vaccine

to 95.2% in those who received AstraZeneca and Mod-
erna, respectively (Fig. 3).

This table indicates that seroconversion was signifi-
cantly higher in men (p=0.004) and in subjects with
comorbidity (p=0.005). It was also observed that the
median values of urea (p=0.009) and total bilirubin
(p <0.001) were significantly higher in subjects with sero-
conversion (Table 4).

Overall seroconversion

The median duration between the first vaccine and the
tenth vaccine (follow-up time) was 30.0 (IQR: 29.2-30.8)
days with the extremes varying between 25 and 59 days.
The incidence of seroconversion was 0.427 per 100 P-D at
day 25, 0.824 per 100 P-D at day 30, 1.168 per 100 P-D at
day 35, 1.452 per 100 P-D at day 40, 1.714 per 100 P-D at
day 45, 1.937 per 100 P-D at day 50 and 3.00 per 100 P-D
at day 59 of follow-up, respectively (Fig. 4).

This Kaplan—Meier curve estimates for dynamic sero-
conversion incidence in subjects vaccinated with the 3
vaccines note that the probability of seroconversion was
significantly higher in subjects who received Pfizer com-
pared to those who received Moderna and AstraZeneca
(Logrank, p<0.001) (Fig. 5).

Predictive factors of seroconversion in pre-dose 2

in the cohort

The general characteristics of the subjects were compa-
rable with each other on the incidence of seroconver-
sion, with the exception of the incidence of the Pfizer

vaccine which was significantly higher than that of Mod-
erna and AstraZeneca; the incidence of men which was
significantly higher than that of women; the incidence
of subjects with comorbidity was also higher compared
to those without comorbidities; Subjects with a normal
creatinine level; normal ALT level, normal total bilirubin
level; normal Hb level and normal monocyte level had a
higher incidence of seroconversion compared to those
with pathological levels (p <0.05).

After multivariate adjustment for these variables,
patients who received Pfizer (aRR: 3.19 95% CIL: 2.62—
3.88) and Moderna (aRR: 1.91 95% CI: 1.60-2.29) vac-
cines; male subjects (aRR: 2.03 95% CI: 1.89-3.20); those
with comorbidity (aRR: 2.38 95% CI: 1.89-3.21); subjects
with normal creatinine (aRR: 2.08 95% CI: 1.88-3.32)
and normal ALT (aRR: 3.04 95% CI: 1.89-4.22) were the
factors independently predicting seroconversion in the
study population (Table 5).

Discussion

This study assessed the incidence of dynamic serocon-
version and the factors predictive of this incidence in
subjects who received the first dose of SARS-COV-2
vaccine (AstraZeneca, Moderna and Pfizer) in Kin-
shasa. We know that the aim of any vaccine is to train
the immune system to recognize a pathogen, without
actually confronting the organism with the real patho-
gen. In this way, infection can be prevented, or at the
very least, symptoms can be considerably reduced,
avoiding severe forms of the disease. In this study,
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Table 1 General characteristics of the study population
Variable Overall AstraZeneca Moderna Pfizer p
(n=918) (n=313) (n=293) (n=312)

Age 474+16.0 514+155 455+154 455+16.1 <0.001

18-39 years 338(36.8) 80(25.6) 123(42.0) 135(43.3)

40-59 years 329(35.8) 116(37.1) 105(35.8) 108(34.6)

>60 years 251(27.3) 17(37.4) 65(22.2) 69(22.1)
Sex 0.001

Male 636(69.3) 240(76.7) 185(63.1) 211(67.6)

Female 282(30.7) 73(23.3) 108(36.9) 101(32.4)
Occupation 0.690

Healthcare 261(284) 93(29.7) 78(26.6) 90(28.8)

Non-healthcare 657(71.6) 220(70.3) 215(73.4) 222(71.2)
Comorbidity 240(26.1) 123(39.3) 59(20.1) 58(18.6) <0.001
Creatinine (mg/dl) 0.94(0.90-1.00) 1.04(0.94-1.20) 0.90(0.86-0.98) 0.91(0.82-1.03) 0.001
Urea (mg/dl) 24.2(23.5-24.7) 229(22.1-23.7) 22.5(21.1-23.4) 26.8(26.0-27.4) <0.001
ALT (UI/L) 9.9(18.8-20.8) 6.1(14.9-17.2) 18.5(17.8-19.6) 29.7(27.1-32.5) <0.001
AST (UI/L) 28.2(27.1-294) 24.1(23.0-25.9) 26.0(24.9-27.0) 324(31.8-34.8) <0.001
ALP (UI/L) 57.4(55.4-58.9) 57.3(53.8-59.2) 57.1(53.3-59.6) 58.4(55.4-61.9) 0.111
T BILIRUBIN (mmol/L) 7(13-3.9) 0.7(0.7-0.9) 0.8(0.7-1.0) 12.7(12.2-13.5) <0.001
RBCC (Cell/mm?3) 4.69(463—4‘75) 4.58(4.49-4.67) 4.82(4.75-4.92) 4.69(4.61-4. 78) 0410
Hemoglobin (g/L) 11.4(13.4-13.6) 13.1(12.9-13.4) 13.7(13.6-14.0) 13.6(13.4-13.9) 0.038
Hematocrit (%) 41.7+94 402+6.8 43.1+14.0 418+53 0.001
Plateletcount (Cell/mm?) 2208+754 223.8+80.3 21841664 2199+783 0.658
WBC (Cell/mm3) 5.70(5.58-5.57) 5.72(5.50-5.94) 5.73(5.46-6.06) 5.68(5.56-5.87) 0214
Neutrophils (Cell/mm3) 249(2.41-2.55) 2.54(241-2.63) 2.53(2.34-2.73) 242(2.33-2.51) 0.722
Lymphocytes (Cell/mm?) 2.37(2.30-2.45) 2.39(2.30-2.50) 2.32(2.26-2.46) 2.38(2.27-2.48) 0.549
Monocytes (Cell/mm3) 0.43(0.42-0.45) 0.42(0.39-0.44) 0.43(0.41-0.45) 0.46(0.43-0.48) 0.582
Eosinophils (Cell/mm?) 0. 20(0 18-0.21) 0. 18( 16-0.22) 0.19(0.15-0.20) 0.22(0.20-0.24) 0.235
Basophils (Cell/mm?) 01(0.01-0.02) 01(0.01-0.02) 0.01(0.01-0.02) 0.01(0.01-0.02) 0.280

subjects with a negative IgG level prior to receiving a
dose of one of three vaccines (AstraZeneca, Moderna
and Pfizer) were included and summoned on day 30 or
59 to receive the second dose. The median time elapsed
between the first and second dose was 30.0 (IQR:29.2—
30.8) days. The IgG level collected post-dose 1 was
compared with the level collected pre-dose 1. The evo-
lution of this level was used to estimate the seroconver-
sion rate.

After data analysis, the results on the incidence of sero-
conversion showed that in subjects having received doses
of these three vaccines, the overall incidence of serocon-
version was 3.00 per 100 P-D. Thus, IgG levels rose sig-
nificantly between two doses, demonstrating the impact
of vaccination and the acquisition of defenses against
SARS-COV-2 in the population.

The chances of protection against SARS-CoV-2 infec-
tion after primary vaccination were higher when the sub-
ject received the Pfizer and Moderna vaccines compared
with the AstraZeneca vaccine. However, irrespective of

the vaccine used, the probability of protection persisted
from day 25 to day 59 of follow-up without dropping.

These results are in line with those reported in the ZOE
COVID study which showed that mRNA vaccines (Pfizer
and Moderna) offered better efficacy than Oxford-
AstraZaneca’s COVID-19 vaccine in the UK population
[16].

Consistent with this finding, previous studies around
the world have reported that IgG levels increase
2-6 weeks after vaccination with Pfizer and Astra-
Zeneca vaccines, and levels begin to decline as early as
3-24 weeks [17-19]. Numerous studies have shown that
peak antibody responses elicited by mRNA vaccines
decline rapidly within 6—8 months of vaccination [15—
17]. However, there are also reports of longer durability
(>6 months) of SARS-CoV-2-specific IgG antibodies in
subjects after vaccination with [20, 21] mRNA vaccines.
In a multi-country longitudinal cohort study of around
13,000 US adults receiving mRNA vaccines, IgG per-
sisted for up to around 9 months, with only 2.4% of the
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Table 2 Description of hematological and biochemical
characteristics of the pre-dose 1 study population

Variable n Normal Abnormal
n (%) n (%)
Creatinine (mg/dl) 918 889 (96.8) 26 (3.2)
Urea (mg/dl) 918 821(89.4) 97 (10.6)
ALT (UI/L) 918 773 (84.2) 145 (15.5)
AST (UI/L) 918 762 (83.0) 156 (17.0)
ALP (UI/L) 918 786 (85.6) 132 (14.4)
T BILIRUBIN (mmol/L) 918 572 (62.3) 346 (37.7)
RBCC (Cell/mm?) 918 739 (80.5) 179(19.5)
Hemoglobin (g/L) 918 578 (63.0) 340 (37.0)
Hematocrit (%) 918 658 (71.7) 260 (28.3)
Plateletcount (Cell/mm?) 918 793 (86.4) 125 (13.6)
WBC (Cell/mm?) 918 809 (88.1) 109 (11.9)
Neutrophils (Cell/mm?) 918 754 (82.1) 164 (17.9)
Lymphocytes (Cell/mm?) 918 0(88.2) 08(11.8)
Monocytes (Cell/mm?) 918 692 (75.4) 226 (24.6)
Eosinophils (Cell/mm?) 918 670 (73.0) 248 (27.0)
Basophils (Cell/mm?) 918 902 (98.3) 16 (1.7)

study population showing seroreversion [22]. Compared
with the low conversion rate of AstraZeneca’s vaccine;
studies around the world have shown that inactivated
whole-virus vaccines produce a lower initial antibody
response than mRNA vaccines [23, 24]. Another reason
could explain this low incidence of seroconversion of
AstraZeneca vaccine is the high age of the population
that received this vaccine, in general, the elderly, espe-
cially those over 65, often have a diminished immune
response due to immunosenescence, the presence of sev-
eral comorbidities [22].
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The Cox model in multivariate analysis with the time-
dependent variable allowed us to take into account the
variables significantly associated with the incidence of
seroconversion in univariate analysis. After adjustment,
patients who had received Pfizer (aRR: 3.19; 95%CI:
2.62-3.88) and moderna (aRR: 1.91; 95%CI: 1.60-2.29)
vaccines; male subjects (aRR: 2.03; 95%CI: 1.89-3.20);
those with a comorbidity (aRR: 2.38; 95%CIL: 1.89-3.21);
subjects with normal creatinine (aRR: 2.08; 95%CI: 1.88—
3.32) and normal ALT (aRR: 3.04; 195%CI: 1.89-4.22)
emerged as predictive factors for seroconversion after the
first dose of SARS-COV-2 vaccine.

The Pfizer and Moderna vaccines differ from the Astra-
Zeneca vaccine in their ability to induce seroconversion
in that the Pfizer and Moderna vaccines are based on the
messenger RNA technique, whereas the AstraZeneca
vaccine is based on a non-replicating viral vector. And
the two techniques differ in the way the decoy is created.
Where the AstraZeneca vaccine introduces an altered
version of the infectious agent, the Pfizer and Moderna
vaccines consist of having the human body directly pro-
duce a fragment of the pathogenic agent, thus develop-
ing immunity faster than that induced by AstraZeneca
[25-28]. Men were twice more likely to seroconvert than
women. This seroconversion is higher in men than in
women, because physiologically, men and women have a
hormonal difference that can influence their immune sys-
tem. Our study is contradictory to several studies in the
literature that report higher seroconversion in women
than in men [29, 30]. The difference between these stud-
ies could be due to the nature of the study carried out,
our study being carried out only in non-sick people could
make a difference, behaviors and hormonal variation
between the population included in this study are not

29.3

28.6
4.1 3.2
Pfizer Over all

Vaccine type

® First dose

Second dose

Fig. 2 Evolution of IgG in the study population and according to the vaccine used
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Table 3 Evolution of IgG in the predefined subgroups during follow-up
Subgroup Pre-dose 1 Pre-dose 2 A (95%Cl) p
Vaccine
AstraZeneca 2.40(1.90-2.80) 25.80(23.90-27.90) 22.40(21.30-24.39) <0.001
Moderna 3.20(2.70-3.80) 29.70(27.50-31.50) 26.60(24.53-27.60)
Pfizer 4.10(3.65-4.80) 29.30(27.90-31.20) 25.70(23.85-27.00)
Age
18-39 years 3.15(2.60-3.75) 28.45(26.70-29.70) 24.50(22.30-26.40) 0.901
40-59 years 3.05(2.38-3.60) 29.10(26.70-30.63) 25.10(23.15-26.60)
>60 years 3.60(2.85-3.60) 2840(25.58-29.80) 24.70(22.10-26.30)
Sex
Male 3.20(2.80-3.60) 28.50(27.25-29.60) 24.73(23.3-25.98) 0.543
Female 3.20(2.40-3.75) 28.88(26.65-29.90) 24.80(21.85-26.25)
Occupation
Pro-health 3.10(2.50-3.75) 27.95(25.75-30.10) 22.85(21.40-25.30) 0.453
Non-pro-health 3.20(2.80-3.70) 28.80(27.30-29.60) 25.20(23.90-26.40)
Comorbidity
Yes 3.25(2.80-3.77) 28.33(23.90-29.65) 24.75(23.30-26.10) 0.599
No 3.15(2.70-3.65) 28.90(27.3-29.75) 24.55(21.81-27.20)

100
%
80
70
60
50
40
30
20

AstraZeneca vaccine Moderna Vaccine

B Seroconversion dynamic

Fig. 3 Seroconversion rates by vaccine received

comparable with those of the population of other stud-
ies. The mechanism by which men develop more sero-
conversion than women is not clearly elucidated, but
there are hypotheses and theories that point to processes
occurring within the immune and endocrine systems. In
addition, men have higher levels of cytokines, which are
proteins displayed as part of the body’s innate immune
response [31, 32]. It also emerges in this study that sub-
jects with comorbidity were more efficient at developing
seroconversion than those without comorbidity. Studies
from around the world show that adaptive immunity is
strongly activated in people with comorbidity; however,
the T-cell and antibody response may differ, which could

Pfizer vaccine Over all

H No seroconversion dynamic

explain the low frequency of seroconversion over time
observed in people without comorbidity [33, 34]. With
regard to creatinine and normal ALT as predictors of
seroconversion, the literature shows that in cases of renal
or hepatic insufficiency, there is a reduction in cytokines
and T lymphocytes, resulting in low efficacy in serocon-
version [35].

The limitations of this study are related to the fact
of not including hospitalized patients to compare the
response of healthy subjects to sick ones. Another limi-
tation of this study is the difference in follow-up times
for the different vaccines, which could lead to a potential
bias in the seroconversion of different individuals.
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Table 4 Sociodemographic characteristics by seroconversion

Variable No seroconversion Seroconversion p
Age 452+16.5% 474+£159 0.590
18-39 years 13(44.8) 325(36.6)
40-59 years 8(27.6) 321(36.1)
>60 years 8(27.6) 243(27.3)
Sex 0.004
Male 16(55.2) 620(69.7)
Female 13(44.8) 269(30.3)
Occupation 0.446
Healthcare 9(31.0) 252(28.3)
Non-healthcare  20(69.0) 637(71.7)
Comorbidity 0.005
No 25(86.2) 653(73.5)
Yes 4(13.8) 236(26.5)
Creatinine (mg/dl)  0.90(0.80-1.58) 0.94(0.90-1.00) 0.598
Urea (mg/dl) 21.8(18.2-23.0) 24.3(23.8-24.9) 0.009
ALT 6.4(14.9-20.5) 19.9(18.9-21.2) 0.208
AST 24.3(19.0-27.4) 28.6(27.3-29.7) 0.250
ALP 57.4(49.9-62.0) 57.5(554-58.9) 0457
T BILIRUBIN 0.6(0.4-0.7) 1.9(1.4-5.5) <0.001
RBCC 4.48(4.3-4.79) 4.7(4.63-4.74) 0.788
Hemoglobin 13.2(12.6-13.8) 13.5(13.4-13.7) 0.500
Hematocrit 40.6+4.7 4174196 0.511
Platelet 224.7+573 2206+759 0.776
WBC 6.15(5.41-7.00) 5.69(5.57-5.84) 0.691
Neutrophils 2.93(2.39-3.39) 2.48(2.40-2.54) 0.708
Lymphocytes 2.34(2.02-2.93) 2.37(2.30-2.45) 0.685
Monocytes 0. 44(0 38-0.63) 0.43(0.42-0.45) 0618
Eosinophils 21(0.11-0.37) 0.20(0.18-0.21) 0.356
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Table 5 Predictive factors for seroconversion at pre-dose 2 in the follow-up cohort
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Variable Bivariate analysis Multivariate analysis
N Duration Seroconversion /100 RR (95%Cl) aRRa (95%Cl) p
P-D (95%Cl)

Overall 918 32528 3.0(1.4-4.6) - - -
Vaccine type

AstraZeneca 313 13090 7.3(3.1-11.5) 1

Moderna 293 10070 9.5(4.5-14.4) 1.87(1.58-2.21) 1.91(1.60-2.29) <0.001

Pfizer 312 9368 10.7(5.6-15.8) 3.07(2.59-3.63) 3.19(2.62-3.88) <0.001
Age

18-39 years 338 11633 8.3(4.0-126) 1

40-59 years 329 11739 8.3(3.9-12.7) 1.07(0.91-1.27) - -

>60 years 251 9156 10.6(5.0-16.2) 1.15(0.97-1.36) - -
Sex

Female 636 22844 4.3(2.0-6.6) 1 1

Male 282 9684 9.9(4.8-15.0) 2.12(1.73-3.29) 2.03(1.89-3.20) 0.043
Occupation

Non pro-health 657 23517 4.1(1.9-6.3) 1

Pro-health 261 9011 10.7(5.1-16.3) 1.10(0.95-1.27) - -
Comorbidity

No 678 23639 4.1(2.0-6.2) 1 1

Yes 240 8889 11.1(5.2-17.0) 2.59(1.91-3.35) 2.38(1.89-3.21) 0.033
Creatinine

Abnormal 779 27707 3.5(1.7-5.3) 1 1

Normal 139 4821 19.4(9.1-29.7) 2.04(1.87-3.26) 2.08(1.88-3.32) 0.038
ALT

Abnormal 145 4756 3.5(0.7-7.7) 1 1

Normal 773 27772 20.9(16.4-254) 3.37(2.14-4.64) 3.04(1.89-4.22) <0.001
Bil T

Abnormal 572 21014 4.5(2.1-6.9) 1 1

Normal 346 11514 8.6(43-12.9) 2.68(1.94-3.57) 1.49(0.87-2.27) 0.622
Hb

Abnormal 340 12396 4.8(1.5-8.1) 1 1

Normal 578 20132 79(4.7-11.1) 1.51(1.16-1.99) 1.02(0.88-1.17) 0.829
Monocyte

Abnormal 226 8084 4.0(0.3-7.7) 1 1

Normal 692 24444 11.8(8.2-15.4) 1.92(1.73-2.79) 1.03(0.84-1.24) 0.689
Conclusions addition to age, sex, and comorbidities, normal creati-

This prospective cohort study compared seroconver-
sion induced by AstraZeneca, Moderna, and Pfizer
COVID-19 vaccines. The study found that the incidence
of seroconversion was higher in participants vaccinated
with Pfizer and Moderna compared to AstraZeneca. In

nine and ALT levels emerged as predictors of serocon-
version. These findings emphasize the importance of
tailoring vaccination campaigns to available vaccines,
population characteristics, and health conditions to
maximize vaccine effectiveness.
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Abbreviations

COVID-19 Coronavirus disease 2019
SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
DRC Democratic Republic of Congo
IQR Interquartile range

RR Relative risk

aRR Adjusted relative risk

95% Cl 95% Confidence interval

ALT Alanine aminotransferase

AST Aspartate aminotransferase

Hb Haemoglobin

Hct Haematocrit

ALP Alkaline phosphatase

RBCC Red blood cell

WBC White blood cell

COl Cut off index
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