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Abstract

Background: This study presents a unique investigation into the relationship between the persistence of IgG antibody levels

and reinfection in recovered coronavirus disease 2019 (COVID-19) patients. By shedding light on this aspect, we aim to address

concerns about the risk of reinfection in unvaccinated patients, offering a fresh perspective in the current COVID-19 research

landscape.

Objectives: This study takes a novel approach by focusing on the antibody response and reinfection in COVID-19 patients who

were treated in outpatient settings for six months. This approach distinguishes our research within the broader context of

COVID-19 studies.

Methods: Our comprehensive and rigorous prospective cohort study included 149 COVID-19 outpatients referred to Imam Ali

Clinic in Dezfoul City, Khuzestan province, Iran. Data was meticulously collected from September 2021 to February 2022. All

unvaccinated patients underwent RT-PCR testing, and their anti-SARS-CoV-2 IgM/IgG levels were measured at the onset of illness.

Serum IgG levels were then measured again after three and six months using ELISA.

Results: All COVID-19 patients had their IgG antibody levels tested three times (on days two to four of the illness, at three

months, and at six months). Significant differences in IgG antibody levels were observed between the vaccinated and

unvaccinated groups during each period (P < 0.05). Additionally, there were substantial differences between the hypertension

and non-hypertension groups (P = 0.032). Importantly, our findings reaffirm the impartiality of our research, as no significant

differences were found between reinfection rates and various demographic or disease-related factors.

Conclusions: The findings of this study suggest that high levels of IgG antibodies in unvaccinated patients could potentially

reduce the risk of reinfection. This insight could have important implications for public health strategies and the management

of COVID-19 in unvaccinated populations, providing valuable information for decision-makers in the field.
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1. Background

In December 2019, a respiratory disease outbreak

caused by a novel coronavirus (2019-nCoV) began in

Wuhan, China, eventually leading to a global pandemic

(1). The virus was subsequently named SARS-CoV-2 by the

International Committee of Taxonomy of Viruses (ICTV).

It causes the disease known as coronavirus disease 2019

(COVID-19) (2). Coronaviruses (CoVs) are single-stranded

positive-sense RNA viruses belonging to the

Coronaviridae family and the order Nidovirales. They

are widely distributed in humans and other mammals

(3). The primary sources of the virus are asymptomatic
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carriers infected with 2019-nCoV (4). It is believed that

2019-nCoV can be transmitted through respiratory

droplets, close contact, and the fecal-oral route (4-6). The

incubation period of 2019-nCoV infection ranges from 1

to 14 days, typically between 3 to 7 days (7). The disease

presents with clinical symptoms of viral pneumonia,

with fever, fatigue, and dry cough as the primary

symptoms (5, 8). In more severe cases, dyspnea may

occur. Additionally, patients can develop acute

respiratory distress syndrome, septic shock, difficulty

compensating for metabolic acidosis, and coagulation

dysfunction (9). Approximately 20% of cases are severe,

with a mortality rate of around 3% (10).

Following exposure to infectious agents like viruses,

the humoral immune system responds by producing

specific antibodies to neutralize the virus and prevent

further spread. Innate immune cells, such as

macrophages, process the viral agents and present them

to lymphocytes in specialized lymph nodes and the

spleen. Initially, IgM antibodies are produced, followed

by B lymphocytes differentiating into plasma cells,

which primarily produce IgG or IgA antibodies as the

immune response progresses (11). Studies have shown

that in the early stages of the immune response to

COVID-19, IgM antibody production is predominant,

although the quantity produced is low, and the duration

of production is short.

On the other hand, the production of IgG occurs with

a delay, but it results in higher antibody levels due to the

formation of immune memory. These IgG antibodies

remain in the bloodstream for an extended period, even

after the infection has resolved. The presence of IgM in a

suspect's serum can indicate a recent infection, while

detecting IgG in a person without clinical symptoms

often suggests a past infection. Additionally, in patients

who recover successfully, IgM levels usually decline over

time (12). Typically, individuals infected with the

coronavirus show positive antibody levels 10 - 21 days

after infection, although in some cases, this may take

longer (13). While the first infection with certain viruses

can provide lifelong immunity, protective immunity

against seasonal viruses is often short-lived. A key

question in predicting the course of the COVID-19

pandemic is how long immune responses protect

individuals from reinfection.

A review of the literature indicates that no study has

previously examined the antibody response and

reinfection rates in recovered COVID-19 patients in Iran.

2. Objectives

Therefore, this study aims to fill that gap by

investigating the antibody response and reinfection

rates in COVID-19 patients over six months in an

outpatient setting.

3. Methods

3.1. Patient Selection

This prospective cohort study was conducted on

COVID-19 patients with a confirmed positive RT-PCR

diagnostic test for the novel COVID-19 virus. The research

included 149 COVID-19 patients who were referred to

Imam Ali (a.s.) Clinic, exhibiting disease symptoms such

as a positive PCR test or pulmonary involvement, as well

as clinical symptoms including loss of smell and taste.

The patients in this study were selected through simple

random sampling.

3.2. Inclusion and Exclusion Criteria

The inclusion criteria for the study were outpatients

who had previously been infected with the coronavirus,

had recovered, and showed increased IgG and IgM

antibody levels. Patients without a documented history

of antibody levels were excluded from the study.

3.3. Study Design

Patients' information was initially reviewed based on

the inclusion and exclusion criteria, and those who were

eligible were invited to participate in the study. The

purpose and method of cooperation were explained to

the qualified volunteers, and written informed consent

was obtained from all participants. At baseline,

demographic data such as age, gender, Body Mass Index

(BMI), blood group, education level, and correlations

with diabetes, blood pressure, cardiovascular disease,

and the distribution of IgG variable levels at different

times, as well as COVID-19 infection status, were

documented to identify factors that may affect the SARS-

CoV-2 antibody response. Blood specimens were

collected in sterile tubes, labeled with the patient's

name, and processed in the laboratory of Imam Ali

Clinic. Whole blood samples were allowed to clot, then

centrifuged at 1000 × g for 10 minutes. The serum was

separated and stored frozen at -20°C until analysis.
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Patients were monitored for six months, during which

the antibody levels were measured three times, and

their reinfection status was investigated. Antibody levels

were determined using an ELISA reader (Stat Fax 2400)

and Ideal Tashkhis kits.

3.4. Ethics Statement

The investigation was conducted in accordance with

the Ethics Committee Guidelines of Dezfoul University

of Medical Sciences (ethics code:

IR.DUMS.REC.1400.036).

3.5. Statistical Analysis

All analyses were conducted using SPSS software

version 22 (USA, IL, Chicago, SPSS Inc) for Windows. The

Kolmogorov–Smirnov test was utilized to assess the

normality of the data. Descriptive statistics, including

frequency indices, percentages, means, standard

deviations, and variances, were used to summarize the

data. For normally distributed data, statistical analysis

was carried out using chi-square tests, t-tests, and

analysis of variance (ANOVA). In cases where the data did

not follow a normal distribution, non-parametric tests,

such as the chi-square, Mann-Whitney, and Wilcoxon

tests, were employed. A type 1 error of 0.05 with a 95%

confidence interval was considered in all tests.

4. Results

In this study, 149 participants were examined, of

whom 86 (57.7%) were men and 63 (42.3%) were women.

Among the 11 individuals who experienced reinfection, 4

(36%) were men, and 7 (63.6%) were women. The results

indicated no significant relationship between gender

and reinfection (P = 0.204).

The average age of all participants was 44 years, with

an average of 43 years in the reinfection group and 44

years in the non-reinfection group. There was no

significant relationship between age and reinfection (P

= 0.994).

An important anthropometric measure, the BMI, was

calculated by measuring the patients' weight and

height. The average BMI of all patients was 24.8; in the

reinfection group, it was 25.6, and in the non-reinfection

group, it was 24.6. No significant relationship was found

between BMI and reinfection (P = 0.338).

Out of the 149 patients examined, 49 (32.9%) had

blood group A, 29 (19.5%) had blood group B, 26 (17.4%)

had blood group AB, and 45 (30.2%) had blood group O.

Among the 11 individuals who had reinfections, 3 (27.3%)

had blood group A, 3 (27.3%) had blood group B, 1 (9.1%)

had blood group AB, and 4 (36.4%) had blood group O.

The results showed no significant relationship between

blood group and the recurrence of the disease (P = 0.815)

(Table 1).

In this study, out of 149 participants, 9 individuals

(6%) had diabetes, and all (100%) were in the non-

reinfection group. The results indicate no significant

relationship between diabetes and the likelihood of

reinfection (P = 1.0). Additionally, 17 individuals (11.4%)

had hypertension, and of the 11 individuals who

experienced reinfection, only one person (9.1%) had

hypertension. There was no significant relationship

between hypertension and reinfection (P = 1.0).

Furthermore, 9 participants (6%) had cardiovascular

disease, and among those who experienced reinfection,

one person (9.1%) had heart disease. The analysis showed

no significant relationship between cardiovascular

disease and reinfection (P = 0.508).

Moreover, 65 participants (43.6%) had pulmonary

involvement. Of the 11 individuals with reinfection, 6

(54.5%) had lung involvement, while 59 individuals

(42.8%) from the non-reinfection group had lung

involvement. There was no significant relationship

between pulmonary involvement and the likelihood of

reinfection (P = 0.534).

Similarly, 101 participants (67.8%) had contact with

high-risk and suspected individuals. Of the 11

individuals who experienced reinfection, 7 (63.6%) had

contact with high-risk people. The results show no

significant relationship between reinfection and

contact with high-risk individuals (P = 0.747).

Additionally, 70 participants (47.5%) reported a

decreased sense of smell. Among the 11 individuals with

reinfection, 5 (45.5%) had a reduced sense of smell. No

significant relationship was found between reduced

sense of smell and reinfection (P = 1.0). Similarly, 67

participants (45%) reported a reduced sense of taste, and

5 individuals (45.5%) with reinfection experienced

decreased taste. The analysis revealed no significant

relationship between reduced sense of taste and

reinfection (P = 1.0) (Table 2).
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Table 1. Demographic Findings of the COVID-19 Patient Cohort in This Study a

Variables Reinfection; (N = 11) Non-reinfection; (N = 138) Total; (N = 149) P-Value

Age 43 (33.0 - 53.0) 44 (35.0 - 53.0) 44 (33.0 - 55.0) 0.994

Gender 0.204

Male 4 (36) 82 (59.4) 86 (57.7)

Female 7 (63.6) 56 (40.6) 63 (42.3)

BMI 24.8 (23.3 - 27.1) 25.6 (24.5 - 27.1) 24.6 (23.3 - 27.1) 0.338

Blood group 0.815

A 3 (27.3) 46 (33.3) 49 (32.9)

B 3 (27.3) 26 (18.8) 29 (19.5)

AB 1 (9.1) 25 (18.1) 26 (17.4)

O 4 (36.4) 41 (29.7) 45 (30.2)

Abbreviation: BMI, Body Mass Index.

a Values are expressed as No. (%) unless otherwise indicated.

Table 2. Correlation Between Diabetes, Blood Pressure, Cardiovascular Disease, Pulmonary Involvement, Decreased Sense of Smell and Taste and Re-Infection

Variables Reinfection; (N = 11) Non-reinfection Total; (N= 149) P-Value

Diabetes 0 9 9 (6) 1.0

Blood pressure disease 1 (9.1) 16 17 (11.4) 1.0

Cardiovascular disease 1 (9.1) 8 9 (6) 0.508

Pulmonary involvement 6 (54.5) 59 (42) 65 (43.6) 0.534

Contact with high-risk people 7 (63.6) 59 (42.8) 101 (67.8) 0.747

Decreased Sense

Smell 5 (45.5) 65 70 (47.5) 1.0

Taste 5 (45.5) 62 67 (45) 1.0

a Values are expressed as No. (%) unless otherwise indicated.

4.1. Average Distribution of IgG Between Diabetic and Non-
diabetic Groups and Hypertension

The measurement of the average IgG at different

times showed that the mean IgG level in diabetic

individuals was 18.15 ± 6.29 (mean ± SD), whereas in non-

diabetic individuals, it was 14.01 ± 7.23. The distribution

of IgG levels between diabetic and non-diabetic

individuals showed no significant difference (P = 0.055).

Additionally, the IgG level in individuals with

hypertension was 17.24 ± 5.83, while in those without a

history of hypertension, it was 13.88 ± 7.31. The results

indicate a significant difference in IgG distribution

between individuals with hypertension and those

without a history of hypertension (P = 0.032).

The average IgG was also measured in each blood

group: For blood group A, the mean IgG was 14.10 ± 7.24;

for blood group B, it was 13.51 ± 6.68; for blood group AB,

it was 14 ± 6.73; and for blood group O, it was 15.08 ± 7.94.

The results showed no significant relationship between

the average IgG levels and different blood groups (P =

0.882) (Table 3).

4.2. Distribution of the IgG Variable Level at Different Times

The average IgG levels were measured at three

different times: At the outset, three months later, and six

months later. At the outset, the average IgG levels in the

non-reinfection and reinfection groups were 6.5 and 3.5,

respectively (P = 0.003). Three months later, the average

IgG levels were 32.5 and 10.4 (P = 0.001), and six months

later, they were 4.7 and 1.1 (P = 0.00001), respectively.

These results indicate a significant difference in IgG

levels between the non-reinfection and reinfection

groups over time (Figure 1).

5. Discussion

In recent years, COVID-19 has emerged as a major

global health concern. Like many other viral diseases,

increasing humoral immunity is critical for combating

https://brieflands.com/articles/jai-143537
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Table 3. Average Distribution of IgG Between Diabetic and Non-diabetic Groups, Hypertension and Non-hypertension, Different Blood Groups a

Variables The Average IgG P-Value

Diabetes 0.055

Yes 18.15 ± 6.29

No 14.01 ± 7.23

Hypertension 0.032

Yes 17.24 ± 5.83

No 13.88 ± 7.31

Blood groups 0.882

A 14.10 ±7.24

B 13.51 ± 6.68

AB 14 ± 6.73

O 15.08 ± 7.94

a Values are expressed as mean ± SD.

Figure 1. The relationship of IgG levels between the two groups that had re-infection and those that did not at different times.

this virus. The persistence of antibodies following

infection is key to evaluating humoral immunity and

assessing the risk of reinfection. Research indicates that

long-term immunity is more likely if antibody levels rise

and remain elevated after a viral infection, underscoring

the importance of vaccination.

However, in some COVID-19 patients, a rapid decline

in antibody levels and reinfection have been observed.

Therefore, the present study aimed to investigate the

relationship between relapse and IgG levels, along with

various factors such as demographic characteristics,

including gender, age, BMI, and blood groups, as well as

underlying conditions like diabetes, hypertension, and

cardiovascular disease in 149 outpatients who had

previously contracted the virus over a six-month period.
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In this study, 57.7% of participants were men and

42.3% were women. The mean age of those who

experienced reinfection was 43 years, compared to 44

years in the non-reinfection group, with no statistically

significant difference. In a similar study involving 326

patients, Zheng et al. (14) examined humoral responses

between male and female patients during recovery and

found no significant difference in antibody titers

between the two groups (P ≥ 0.05). These findings

suggest that age and gender are likely unrelated to the

duration of antibody titers.

Body Mass Index is often used to assess the risk of

various diseases. This study also examined BMI and

found no significant difference between patients with

and without reinfection. Similarly, a study by Kooistra et

al. involving 35,506 ICU patients in the Netherlands

found no significant relationship between obesity and

mortality (15).

Regarding blood type, unlike a study by

Rouhanizadeh et al. that reported individuals with

blood type O had a 30% lower risk of contracting COVID-

19 compared to other blood types, the present study

found no significant difference in this respect. Given the

conflicting results in the literature, further research is

needed to investigate the role of blood type in COVID-19

infection risk across different populations (16).

Additionally, previous studies revealed that 43.6% of

all subjects had pulmonary involvement, with only six

individuals falling into the recurrent infection group.

No significant relationship was found between

pulmonary involvement and recurrent infection in

these patients. It is important to note that pulmonary

involvement in these cases was not severe; the patients

were treated on an outpatient basis, which may have

resulted in a lower antibody response. Consequently,

these individuals may have been reinfected after a short

time due to insufficient antibody levels.

Observational and retrospective studies conducted

near the Wuhan area have indicated that hypertension

is the most common comorbidity in COVID-19 patients,

with prevalence rates ranging from 15% to 30% (17). In the

current study, the relationship between underlying

conditions such as diabetes, hypertension, and

cardiovascular disease with relapse was examined. The

findings showed no significant relationship between

these conditions and reinfection. However, studies have

demonstrated that poor control of these diseases can

increase susceptibility to reinfection. For example,

uncontrolled high blood pressure has been identified as

a potential risk factor for contracting COVID-19. Various

organizations have stressed the importance of blood

pressure control to reduce the overall disease burden,

even if it does not directly impact susceptibility to SARS-

CoV-2 infection. Nevertheless, previous studies have

shown that hypertensive patients using angiotensin-

converting enzyme inhibitors (ACEI) experience more

severe hypertension (18).

In a review of hospital records from 280 COVID-19

patients, Aslanbeigi et al. reported that hypertension is

associated with poor prognosis and higher mortality

rates among COVID-19 patients, underscoring the need

for optimal blood pressure management in these cases.

They also emphasized the importance of early care and

education for elderly patients with hypertension and

other comorbidities (19).

In this study, the relationship between diabetes,

hypertension, and IgG levels was also explored, and a

significant increase in IgG levels was observed in

patients with these conditions. These results highlight

the importance of specific treatment strategies for

hypertension in COVID-19 patients.

Zheng et al. conducted a study on 172 inpatients with

COVID-19 in a Wuhan hospital, focusing on the humoral

immune response over six months. Their research

demonstrated that antibody titers remained high for

over six months in recovered patients, suggesting that

humoral immunity plays a dynamic role in acquired

immunity (14).

In the present study, the antibody levels of

participants were measured three times over a six-

month period. The average IgG titer in the non-

reinfected group was significantly higher than in the

reinfected group, and this difference was statistically

significant.

5.1. Conclusions

These results suggest that high antibody levels can

provide immunity and support the effectiveness of

vaccination in protecting against COVID-19. Additionally,

the findings indicate that elevated IgG levels in

unvaccinated patients may lower the risk of reinfection.

Therefore, based on these results, vaccination can play a

crucial role in preventing infection and reducing the

spread of the disease.
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