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Immune response to the two doses of mRNA vaccine: A cross-sectional 
study from a single center located in Wasit province, Iraq 

Abstract. The pandemic controlling COVID-19 can cause the deaths of more than 4 million worldwide. Recently the 
production of the more effective vaccine genetically modified is the suitable solution for managing acute respiratory 
syndrome, SARS-CoV-2 was a talented emergency use license by FDA by a company of Pfizer-BioNTech (BNT162b2) 
mRNA the CRP and D dimer important blood markers for diagnosis and severity of this disease. The specific antibody 
SARS-CoV-2 IgG was the measurement titer after (14-20). After the intake first dose of vaccine by VIDAS® (BioMérieux, 
Marcy-L'Etoile, France), all volunteers have done screening examination by rapid test for detection not exposure to the 
previous infection, who had negative to SARS-CoV-2 IgG, after the second dose of vaccine, the specific IgG examination 
by using ELFA technique. CRP and D-dimer were used to monitor the blood markers to assess any side effects (side 
effects of the vaccine on the lung inflammatory and clotting system), measured after 48h of taking the vaccine in both 
doses. Ninety-four were included in this study (54 female and 40 male) and divided into two age groups. All the subjects 
had SARS-CoV-2 IgG after (10 and 20) days following the first dose and (10 and 20) days following the booster dose. The 
results were shown a non-significant difference in age between males and females. The mean value of the IgG titer against 
CoV antigen after 2nd dose of immunization is significantly higher than the corresponding value after the 1st dose. There 
is a non-significant correlation between the ages of immunized subjects with the IgG titer after receiving the second dose 
of the mRNA vaccine. The titer of IgG increased after the 2nd dose of vaccination while the C-reactive protein significantly 
decreased. The Pfizer mRNA vaccine gives an excellent active immune response to produce IgG after the booster dose, 
and results have not recorded any effect of the vaccine on the activity of blood inflammatory markers.
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On March 11, 2020, the World Health Organization 
(WHO) approved that COVID-19 is a pandemic disease. 
More than 187 million subjects were infected with SARS-
CoV-2, and more than 4 million of them died 1; in addition, 
the number of infected persons and death still increased. 
Immunization against COVID-19 was introduced to reduce 
the complications and admissions into the hospitals and 
the spread of infection 2. The Food and Drug Administration 
(FDA) and European Medicines Agency [EMA] approved a 
few numbers of vaccines seeking a temporary solution for 
controlling the COVID-19 pandemic, by which few manu-
factured vaccines were considered genetically engineered 
methods. In contrast, the others used classical methods to 
trigger and stimulate the immune response against  CoV 
antigen 3–6. The immunoglobulins formed by plasma cells 
in the body post-vaccination can prevent CoV infection 
by enhancing phagocytosis, neutralization, opsonizing, 
and complement activation leading to a reduction of viral 
load 7,8. IgG and IgM played distinct roles in the viral neu-
tralization in post-infection and post-vaccination with CoV 
9-12. mRNA technology-vaccine was introduced worldwide 
against  CoV infection in December 2020 by Pfizer phar-

maceutical company 13,14. FDA and EMA approved mRNA 
vaccine to immunize the adults using two doses of 0.3 mL 
each, intramuscularly and three weeks apart, and a third 
booster dose of 0.3 mL is recommended 15.

The nature of the mRNA-CoV vaccine is an RNA-LNP 
platform of nucleoside-modified RNA, which acts as a sen-
sor of innate immunity. It contained the P2S antigen that 
can attach to angiotensin-converting enzyme receptor -2 
(ACER2), leading to activation of innate immunity to pro-
duce the immunoglobulins against viruses. Furthermore, 
the expression of RNA in the cell allows the activation of 
CD8 T cell-mediated immunity against CoV 16,17. 

C-reactive protein (CRP) is an acute-phase protein 
marker of systemic inflammation and pathological condi-
tions, e.g., autoimmune diseases and malignancies 18.   

The serum levels of CRP are increased in COVID-19 
patients, and higher levels are associated with poor out-
comes 19,21

The SARS-CoV-2 virus activates the coagulation 
system. Activating the fibrinolytic pathway will dissolve 
the blood clots, thereby releasing the fibrin degradation 
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Discussion

Materials and Methods

product, D-dimer. 22 Therefore, the D-dimer assessment 
can serve as a prognostic marker of COVID-19 severity. 
23 One study reported that patients with a significantly high 
D-dimer level are prone to poor outcomes 24,25 Patients of 
COVID-19 who have a D-dimer level exceeding 1000 ng/ml 
are at risk of a high mortality rate. 26

This study aims to assess IgG titer as an immune re-
sponse index, CRP as a biomarker of inflammation, and 
D-dimer level as an indicator of coagulopathy, following im-
munization with mRNA coronavirus vaccine in Wasit prov-
ince, Iraq.

Ethical approval
The scientific and ethical committees at the Kut Uni-

versity College approved this study and registered it under 
the term of a cross-sectional study. The participants were 
informed about the study’s objectives before signing the 
consent form. 

Setting and design
This cross-sectional study was carried on in the Zah-

ra Teaching Hospital in cooperation with the Department of 
Pharmacy at the Al-Kut University College in Wasit, Iraq, 
from April to October 2021. 

Participants
The eligible subjects and patients are both sexes of 

age ≥ 20 years old. The subjects were recruited from Zah-
ra Teaching Hospital in Wasit province. The inclusion crite-
ria are subjects immunized with two doses of mRNA vac-
cine (BNT162b2, Pfizer BioNTech, Covid-19 vaccine) and 
healthy subjects without laboratory and clinical evidence of 
CoV infection. The criteria for exclusion are subjects with a 
previous history of CoV infection, any disorders of duration 
<4 weeks before conducting the study, non-steroidal or ste-
roidal anti-inflammatory drugs, and autoimmune and rheu-
matic diseases. Ninety-four immunized individuals (54fe-
males and 40 males) fulfilled the above criteria and were 
included in this study.

  
Laboratory investigations. 
A sample of blood was obtained from each patient af-

ter 24-48 hours of receiving the second dose of mRNA vac-
cine for determination of the C-reactive protein and D-dimer 
and within 10-20 days after the first and second doses of 
vaccine for determination of immunoglobulin G. The sera 
and plasma were separated from coagulated and uncoag-
ulated blood (using sodium citrate as an anticoagulant) for 
determination the C-reactive protein and IgG, and d-dimer 
respectively. MINI-VIDAS (bioMérieux, France), a compact 
automated immunoassay system, ‎was used to determine 
the abovementioned biomarkers. The principle of resolution 
of these markers is based on the enzyme-linked fluorescent 
assay. The immunoassay system specified cutoff values of 
1 for serum IgG, 6mg/L for C-reactive protein, and 500ng/L 
for plasma D-dimer. 

Statistical analysis
The results are expressed as numbers, percentages, 

median, and mean± SD. The data were analyzed using the 
Excel-10 Microsoft software program. The significant differ-

ences between immunized and non-immunized individuals 
were calculated using Chi-square for categorized data, a 
two-tailed independent-two sample. They paired t-tests for 
continuous data and Pearson (rho) correlation tests. A p-val-
ue of ≤0.05 is the cutoff significant level in two-tailed testing.

Results

This study showed that there is a non-significant difference 
in age between males and females. Males responded to the 
mRNA vaccine by increasing the IgG titer, C-reactive pro-
tein, and D-dimer as female responders. No significant dif-
ferences are observed between males and females. Plasma 
D-dimer level was not detected in 42 vaccinated subjects 
(<50ng/L), and none of the immunized subjects had a plas-
ma D-Dimer of ≥500ng/L. Thirty patients (31.9 %) of immu-
nized subjects (12 males and 18 females) have serum levels 
of C-reactive protein of ≥6mg/L. Then the mean value of the 
IgG titer against CoV antigen after 2nd dose of immunization 
is significantly higher than the corresponding value after the 
1st dose, which amounted to 2.6 folds increment. Table 1.

The results are expressed as mean ± SD (median). 
P-value was calculated using an independent two-sample 
t-test for continuous data and a Chi-square test for catego-
rized data to compare females with males.

There is a non-significant correlation between the 
age of immunized subjects with the titer of IgG (r=-0.03, 
p=0.770, df=92) after receiving the second dose of the 
mRNA vaccine. An inverse non-significant correlation (r=-
0.150, p=0.150, df=92) between the IgG titer and C-reactive 
protein was observed. The titer of IgG after 1st dose of vac-
cination significantly and positively correlated with the titer of 
IgG (r=0.552, p<0.001, df=92) after receiving the 2nd dose 
of mRNA (Figure-1).

Moreover, as the titer of IgG increased after the 2nd 
dose of vaccination, the C-reactive protein significantly de-
creased (r=-0227, p=0.028, df=92) (Figure 2).

In this study, we will present in Iraq to report limited to 
a three case series and compassion with many published 
studies to evaluate immune response post-vaccination in 
different countries. This study applied by used blood sam-
pling, which for (I) to detect anti-SARS-CoV-2 IgG as moni-
toring specific immune response to vaccination (II) assess-
ment of active immunity by measurement titer of IgG after 
first and booster dose (III) monitoring of CRP and D dimer 
concentration after vaccination as monitoring for blood in-
flammatory factors and coagulation system activation. This 
result showed significant relationships between vaccination 
and non-vaccination (control groups) and significant effects 
between age and gender in both males and females in vac-
cination groups. 

The age groups in this study will have a present good 
immune response after taking the first dose 30 μg doses 
of Pfizer mRNA BNT162b2 could be observed after 10 -20 
days, and the same good active immune response after the 
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Table 1.  Characteristics of the participants

Figure 1.  A significant positive correlation (r=0.552, p<0.001) between the titer of immunoglobulin G after 1st 
dose with after the 2nd dose of vaccination with mRNA.

Figure 2.  A significant negative correlation (r=-0.227, p=0.028) between the responder's age to the 2nd dose of 
mRNA vaccine with the serum levels of C-reactive protein.
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booster dose after one month for the first dose the titer mea-
surement after 10 -20 days from the second dose.   

This study was compacted with published information 
by Vogel et al. 27 , the active immunity when taking (30 μg) 
in both doses of Pfizer vaccine, some study was shown that 
a more significant increase (about ∼3 orders of extender) 
in IgG could be recorded after 14 of first vaccination dose, 
whilst stronger stimulatory, recorded after seven days the 
booster dose. 28 in another different study the measurement 
of the IgG to 110 individuals taking two Pfizer vaccines and 
Moderna), the results of this study reported that most in-
dividuals developed IgG (∼2 orders greater than baseline) 
the examination of the sample after nine and twenty days 
after the first dose, while the titer elevated over three or-
ders of grater between twenty-one and twenty-seven days. 
29 After booster dose vaccination, the IgG antibody titer in-
creased to reach 3.5 orders of more excellent comparison 
with baseline. Interestingly, the IgG titer was more robust in 
cases of the previous infection by covid19. Another study 
was published recently; the study referred to both Moderna 
and Pfizer vaccines giving the same quality of stimulation 
immune response when measuring all types of immuno-
globulin classes, predominantly IgG, to spike protein after 
60 days for a booster dose. 30

A recent study was conducted by Britton et al. to 
evaluate immune response in an elderly individual. By 
using mRNA vaccination only a single dose, the efficacy 
is about 63% to prevent infection by COVID-19. 31 When 
assessment using the single amount of vaccination, which 
has good results in the older age, which suggest taking the 
booster dose to give, prolong immune response in emerg-
ing spreading of viruses. 32

When the assessment of the previous infection of an 
individual by Covid 19 after administration first dose, the 
titer of IgG was highly reached to similarity with an individ-
ual who can take two doses of vaccination in about one to 
three weeks after the booster vaccine and in seventeen 
days when taking volunteers booster vaccination. 13, 33-35 
The safety and 95% effectiveness against Covid-19 were 
recorded when a two-dose of 30 μg / dose was given in 
three weeks. 36

Circulating CRP level is determined only depending on 
the hepatic cell production rate considering the early marker 
of infection and inflammation and depends on the severity 
conditions of diseases. 37 The CRP concentration reflects 
very closely related to the severity of the disease. CRP can 
be used as prognostic modeling for an assessment of the 
management of treatment effectiveness. Clinical studies de-
termine the change levels of inflammatory blood markers 
could be joint to the stage of acuteness and severity add to 
the mortality rate in COVID -19 patients. 38 

This study was inducted to explain the relationships 
between the Pfizer vaccine mRNA and the serum concen-
tration of CRP as a blood inflammatory marker after both 
doses of vaccination; in both cases, the level of CRP was 
within the normal range with significant differences com-
pared with the control groups. The results were explana-
tions for not recording any vaccine effects on the level of 
CRP in the vaccination group compared with control groups.

Most studies conducted on patients with COVID-19 
recorded a positive relationship between CRP and disease 
severity. 

This study considered CRP biomarkers of disease in-
tensity and outcome. Severe cases were shown with sig-
nificantly higher CRP levels than less severe cases. 39-41 

The meta-analysis study evaluated CRP concentration as a 
prospective blood marker to assess mortality of COVID-19 
speculation, which recorded a high level of CRP. 42

When measured after 19 hours, the CRP is consid-
ered a remarkable benefit indicator of activity, extent, and 
severity of diseases in COVID-19 patients regardless of any 
pathological change present. 43 The CRP is used to assess 
specific treatment in the human condition when measured 
with activated complement. 44,45 In A retrospective study of 
MERS-CoV patients, the CRP remains at higher serum lev-
els, which were confirmed related to the stage of severity 
and dead. 46,47 There is no relationship between CRP con-
centration level with some factors ex. Age, sex, and physi-
cal activity. 48 The blood golden stander of concentration of 
CRP is (< 10 mg/L); while the level higher rapidly after or 
wins in (6 - 8 h.), and the optimum peak is reached two days 
from the beginning of the disease. The CRP half‐life (19 h.) 
and the level reduction after healing accurse. 49

CRP distinguishes phosphocholine and binds with it 
when highly expressed on surface injury cells. 50 The cal-
ibration activates the classical complement pathway by 
enhancing phagocytic cell activity to clear MO. After the im-
mune system can resolve inflammation and tissue damage, 
the CRP level falls, making a monitoring disease severity. 51

This study was measurement the concentration of 
D-dimer in the vaccination group after the first and second 
dose after 48 hours, the results have not recorded any ef-
fect of the vaccine on the concentration of D dimer, and all 
reading results up to the average engagement. Any change 
of concentration of coagulation factors, specifically of D-di-
mer during CONID 19 infection, reflected the prognosis and 
complications. 

The study of TANG et al. found 25 the mean level con-
centration of D-dimer in dead patients later was significantly 
higher when contrasted with survivors. In contrast, in the 
study of WANG et al., 52 D dimer levels persisted in elevat-
ed and each patient’s death compared to survivors. Add to 
this, the concentration level of D-dimer level show signifi-
cantly elevated in severe cases in contrast to non-severe 
cases. 53,54.  

Conclusions

In this study, we will present in Iraq to report limited to a 
three-case series with many published studies to evalu-
ate immune response post-vaccination in different coun-
tries. The Pfizer mRNA vaccine gives an excellent active 
immune response to produce IgG. After the booster dose, 
results have not recorded any vaccine effect on the activity 
of blood inflammatory markers.

Funding: This research received no external funding.
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