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COVID‑19 reinfection: A multicenter 
retrospective study in Saudi Arabia
Naila A. Shaheen1,2,3, Rakan Sambas3, Maha Alenezi2,4, Naif Khalaf Alharbi2,4, Omar 
Aldibasi1,2,3, Mohammad Bosaeed2,3,4

Abstract:
INTRODUCTION: There are limited direct data on severe acute respiratory syndrome coronavirus 
2 (SARS‑CoV‑2) long‑term immune responses and reinfection. This study aimed to evaluate the 
rate, risk factors, and severity of COVID‑19 reinfection.
METHODS: This retrospective cohort study included five hospitals across Saudi Arabia. All 
subjects who were presented or admitted with positive SARS‑CoV‑2 real‑time polymerase chain 
reaction (RT‑PCR) tests were evaluated between March 2020 and August 2021. Reinfection was 
defined as a patient who was infected followed by clinical recovery, and later became infected again 
90 days post first infection. The infection was confirmed with a positive SARS‑CoV‑2 (RT‑PCR). 
Four hundred and seventeen recovered cases but with no reinfection were included as a control.
RESULTS: A  total of 35,288 RT‑PCR‑confirmed COVID‑19  patients were observed between 
March 2020 and August 2021. Based on the case definition, (0.37%) 132 patients had COVID‑19 
reinfection. The mean age in the reinfected cases was 40.95 ± 19.48 (range 1–87 years); Females 
were 50.76%. Body mass index was 27.65 ± 6.65 kg/m2; diabetes and hypertension were the most 
common comorbidities. The first infection showed mild symptoms in 91 (68.94%) patients; and when 
compared to the control group, comorbidities, severity of infection, and laboratory investigations were 
not statistically different. Hospitalization at the first infection was higher, but not statistically different 
when compared to the control group (P = 0.093).
CONCLUSION: COVID‑19 reinfection is rare and does not carry a higher risk of severe disease. 
Further studies are required, especially with the continuously newly emerging variants, with the 
unpredictable risk of reinfection.
Keywords:
Coronavirus disease of 2019, pandemic, real‑time polymerase chain reaction, reinfection, severe 
acute respiratory syndrome coronavirus 2

Two years since, the COVID‑19 was 
declared a pandemic by the World 

Health Organization in 2020,[1] the cases 
have been rising, with more than 370 million 
confirmed cases worldwide with 5.6 million 
deaths as of January 30, 2022.[2] The severe 
acute respiratory syndrome coronavirus 
2  (SARS‑CoV‑2) persists in body fluids, 
such as sputum or feces weeks after the 
infection,[3] and viral antigens may persist in 
the gut for about 4 months.[4] Case reports of 
COVID‑19 reinfection have been reported 

across different countries.[5‑8] The possible 
reinfections reported in England as of January 
2, 2022 were 106,297.[9] The median reported 
time between infection and reinfection was 
200 days.[10] Studies have reported recovered 
patients can still be tested positive.[11‑13] The 
mechanism of reinfection is not clear, with 
some cases having a less severe illness,[10] 
whereas others have reported having 
severe illness during reinfection.[10] A large 
multicenter study conducted in England had 
reported an 84% lower risk of reinfection 
after primary infection.[10] The SIREN study 
conducted in the UK reported symptomatic 
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reinfections that were observed despite the vaccination.[14] 
The reinfection had been reported among vaccinated 
cases, which can be more severe.[15,16]

Once infected with COVID‑19, the antibodies develop 
swiftly.[17,18] However, the antibody titers decline within 
1–2 months after infection.[19,20] Prolonged viral shedding 
at low levels has been reported.[17] Whether it is a 
prolonged viral shedding or a true reinfection occurs 
remains unclear. Large observational studies addressing 
reinfection are scarce in the literature.

There are no large COVID‑19 observational studies 
reported from the region. Therefore, the primary 
objective of this study was to evaluate the COVID‑19 
reinfection rate, clinical outcomes, and risk factors.

Methods

Study cohort
This retrospective cohort study included five hospitals 
across Saudi Arabia where COVID‑19  patients were 
evaluated and treated. These hospitals, affiliated with 
the Ministry of National Guard, are in five regions 
across the country (Riyadh, Jeddah, Al‑Ahsa, Dammam, 
and Medina). All subjects presented or admitted with 
positive SARS‑CoV‑2 real‑time polymerase chain 
reaction (RT‑PCR) tests between March 2020 and August 
2021 were evaluated. Reinfection with COVID‑19 was 
considered if a patient was infected and recovered 
but became infected again as diagnosed by positive 
SARS‑CoV‑2 RT‑PCR test more than or equal to 90 days 
from the first infection. Cases with continued viral 
shedding and prolonged hospitalization were removed 
from the cohort. A negative RT‑PCR was not required 
to confirm recovery rather than clinical improvement.

Variables of interest
The data were collected from patients’ medical records 
using electronic health records  (BESTCare 2.0). The 
hospitalization was defined as COVID‑19 related 
hospital admission at the time of diagnosis. A similar 
group of COVID‑19  patients with no documented 
RT‑PCR or clinical history of reinfection was used as a 
control. The subjects were followed up from the time of 
admission to the time of death or discharge. The collected 
data included age, gender, body mass index (BMI), and 
comorbidities that are diabetes mellitus, hypertension, 
asthma, chronic obstructive pulmonary disease, history of 
cancer, ischemic heart disease, COVID‑19 symptoms, and 
laboratory tests: (C‑reactive protein (CRP), erythrocytes 
sedimentation rate (ESR), ferritin, lactate dehydrogenase 
(LDH), lymphocytes, neutrophils, procalcitonin). 
The length of hospital stay and length of intensive 
care unit (ICU) stay were also collected. COVID‑19 
severity was defined as “asymptomatic”  (subjects 

with no reported symptoms and no hospitalization), 
“mild” (subjects who had reported symptoms but were 
not hospitalized), and “moderate–severe”  (symptoms 
along with hospitalization or admission to ICU).

Statistical analysis
All the variables were summarized and reported 
with descriptive statistics. Age, gender, past medical 
history, family history, and comorbidities were reported 
as frequency and percentage. The variables were 
compared between groups, using a Chi‑square test for 
independence, Fisher exact test, or Wilcoxon test as 
applicable. Risk factors of reinfection were identified 
using logistic regression analysis. Results were reported 
as odds ratio, 95% confidence intervals, and P  value. 
Statistical significance was declared at P < 0.05. Statistical 
analyses were performed using SAS version  9.4  (SAS 
Institute, Cary, NC, USA).

Ethical aproval
The study was approved by King Abdullah International 
Medical Research Center, Institutional Review Board, 
number NRC21R/445/10. Written consent was waived 
for the retrospective nature of the data.

Results

A total of 35,288 RT‑PCR‑confirmed COVID‑19 patients 
were observed between March 2020 and August 2021. 
Based on the case definition,  (0.37%) 132 patients had 
COVID‑19 reinfection. The matched control group 
included 417 subjects with similar age and gender.

Cohorts characteristics
The median days between infection and reinfection were 
222 (90–462). The overall mean age was 40.80 ± 19.62 (range 
1–87). Children were 4.5% and females were 50.76% 
among reinfected cases. BMI was 27.65 ± 6.65 kg/m2; 
Diabetes and hypertension were the most common 
comorbidities. The first infections were mild in 91 (68.94%) 
patients. When compared to the control group, BMI and 
comorbidities were not statistically different between 
reinfected cases and control.

The symptoms at first infections were not statistically 
different between cases and controls  [Figure  1a]. 
However, within the reinfected cases, symptoms were 
more prominent at the first infection as compared to 
the reinfection presentation: fever  (7.3% vs. 5.8%), 
cough  (8.0% vs. 6.1%), shortness of breath  (5.6% vs. 
3.2%), flu‑like symptoms (11.6% vs. 7%), and vomiting/
diarrhea (3.0% vs. 2.5%) [Figure 1b].

Laboratory data
CRP, neutrophils, and procalcitonin were higher 
in cases when comparing first infections to the 
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reinfections [Figure 2d‑f]. However, laboratory parameters, 
including CRP, ESR, ferritin, LDH, lymphocytes, 
neutrophils, and procalcitonin, were not statistically 
different between cases and controls [Figure 2a‑c] and 
infection versus reinfection [Figure 2d‑f].

Coronavirus disease 2019 outcomes
The COVID‑19 severity  (mild, moderate, and severe) 
was not different between cases and controls [Table 1]. 

Hospitalization was higher in cases after the first 
infection (26.5% vs. 19.6%), but not statistically different 
when compared to the control group (P = 0.093); and 
hospitalization in first infections and reinfections among 
the cases was not different (26% vs. 27%) [Table 2].

Risk factors of reinfection
Comorbidities, symptoms at first infection, hospital 
admission, and ICU admission during the first 
infection were explored as risk factors for reinfection. 
The subjects who had hospital admission during 
the first infection were 1.6  times more likely to have 
reinfection (P = 0.047) [Table 3]. Other variables did not 
show any risk for COVID‑19 reinfection.

When observed overtime, the COVID‑19 reinfections 
presented mainly after the first pandemic wave in 
Saudi Arabia. It also showed some direct proportional 
relationship to the increase in the COVID‑19 cases during 
the national second wave of COVID‑19 [Figure 3].

Discussion

The presented study reports COVID‑19 reinfection 
among a large cohort in the Saudi population, with 
a low rate of reinfection (0.37%). The reinfection had 
been reported across several countries.[8,10,21‑23] The 
reinfection rate is consistent with the overall surge 
in the COVID‑19 infection. Recent reports showed 
that COVID‑19 reinfection in England was reported 
as 4.0%; however, the number increased to 10% 
following a spike in total cases.[24] It has also been 
observed that reinfection rates were higher after the 
onset of new variants.[16] Our study did not include 
cases after August 2021, and a higher incidence might 
be observed with the spread of Omicron  (B.1.1.529) 

Figure 1: (a) Coronavirus disease 2019 symptoms in cases versus control. (b) 
coronavirus disease 2019 symptoms within cases (infection vs. reinfection)
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Figure 2: (a‑c) Laboratory parameters cases versus control. (d-f) Laboratory parameters within cases (infection vs. reinfection)
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variant. Overall, the reinfection rate in our study is 
lower than what is reported by studies conducted in 
the western region.[15,25]

A study has suggested defining reinfection as having a 
positive retesting more than 83 days after the first positive 
test.[26] National Institute of Health has recommended 

Table 1: Characteristics of the study groups
Variables Overall (n=549) Cases (n=132) Controls (n=417) P
Age, mean±SD 40.80±19.62 40.95±19.48 40.76±19.69 0.884^

Age, n (%)
Children 31 (5.65) 6 (4.55) 25 (6.0) 0.989*
15-25 years 87 (15.85) 22 (16.67) 65 (15.59)
26-35 years 137 (24.95) 34 (25.76) 103 (24.70)
36-45 years 113 (20.58) 26 (19.70) 87 (20.86)
46-59 years 54 (9.84) 13 (9.85) 41 (9.83)
≥60 years 127 (23.13) 31 (23.48) 96 (23.02)

Gender, n (%)
Female 293 (53.37) 67 (50.76) 226 (54.20) 0.490*
Male 256 (46.63) 65 (49.24) 191 (45.80)

BMI, mean±SD 28.35±8.02 27.65±6.65 28.58±8.43 0.423^

Comorbidities, n (%)
Diabetes mellitus type II 126 (22.95) 37 (28.03) 89 (21.34) 0.111*
Hypertension 126 (22.95) 38 (28.79) 88 (21.10) 0.067*
COPD 4 (0.73) 1 (0.76) 3 (0.72) 1.000**
Asthma 30 (5.59) 7 (5.47) 23 (5.62) 0.947*
Ischemic heart disease 26 (4.74) 10 (7.58) 16 (3.84) 0.078*
History of cancer 16 (2.91) 7 (5.30) 9 (2.16) 0.074**

Type of cancer
Lymphoma 4 (26.67) 3 (42.86) 1 (12.50) ‑
Breast cancer 3 (20) 0 3 (37.5)
Thyroid cancer 2 (13.33) 1 (14.29) 1 (12.50)
Colorectal cancer 1 (6.67) 1 (14.29) 0
Nasopharyngeal cancer 1 (6.67) 1 (14.29) 0
Pancreatic cancer 1 (6.67) 0 1 (12.5)
Hepatocellular cancer 1 (6.67) 0 1 (12.5)

Number of comorbidities
None 357 (65.03) 84 (63.64) 273 (65.47) 0.700*
Yes 192 (34.97) 48 (36.36) 144 (34.53)

COVID‑19 severity
Asymptomatic 153 (27.87) 37 (28.03) 116 (27.82) 0.862*
Mild 375 (68.31) 91 (68.94) 284 (68.11)
Moderate-severe 21 (3.83) 4 (3.03) 17 (4.08)

*Chi‑square test, **Fisher’s exact test, ^Wilcoxon rank‑sum test. Column percentages are reported. SD=Standard deviation, BMI=Body mass index, 
COPD=Chronic obstructive pulmonary disease

Table 2: Outcomes data
Variables Overall (n=549) Cases (n=132) Controls (n=417) P
Hospital admission after first infection, n (%) 117 (21.31) 35 (26.52) 82 (19.66) 0.093*
ICU admission after first infection, n (%) 25 (4.55) 4 (3.03) 21 (5.04) 0.335*
Hospital admission after second infection, n (%) ‑ 36 (27.48) NA ‑
ICU admission after second infection, n (%) ‑ 4 (11.1) NA ‑
*Chi‑square test,  NA=Not applicable

Table 3: Predictors of COVID‑19 reinfection
Risk Factors OR 95% CI (lower limit–upper limit) P
Comorbidity (yes vs. none) 1.121 0.726-1.730 0.606
Had symptoms at first infection (yes vs. no) 1.007 0.653-1.554 0.974
Hospital admission during first infection (yes vs. no) 1.682 1.007-2.811 0.047
ICU admission during first infection (yes vs. no) 0.369 0.116-1.175 0.091
*Probabilistic model is based on probability of having the reinfection. OR=Odds ratio, CI=Confidence interval, ICU=Intensive care unit
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90 days between both episodes as a diagnostic criterion 
for reinfection.[27] Such a long period would provide 
some certainty toward considering a new infection 
if backed with the supporting clinical picture. There 
are inconsistencies in defining COVID‑19 reinfection 
in the literature; it is also unclear whether it is due to 
prolonged viral shedding or reactivation of less evident 
infections. The current study defines reinfection as any 
RT‑PCR‑positive case beyond 90 days from the clinical 
recovery of the first COVID‑19 infection. Continuous 
shedding of SARS‑CoV‑2 is a possibility and cannot 
be totally excluded without advance testing, that is, 
metagenomic sequencing that would rule out any traces 
of viral replication.

The reported reinfection was more severe in the 
literature,[28] in contrast with our results. The symptoms 
were less in frequency during reinfection. Reinfection 
was more likely reported in adults, women, and 
immunocompromised patients.[15] Previous reports noted 
that high reinfection rate is found in females.[15,29,30] The 
reinfection was lowest in children as reported by other 
studies.[15,29] One possible explanation of low reinfection 
rates in children is that children immune system was 
shown to react in a more focused mechanism by eliciting 
anti‑spike IgG more than anti‑nucleocapsid IgG, which 
is found in adults. This may lead to more focused 
response on the spike, providing protection to viral entry 
through the spike protein.[31] On this regard, our study 
did not investigate the level of immune responses of the 
subjects; therefore, the role of immune responses or the 
search for protective level of immunity is not discussed 
and would remain a possible risk factor for reinfection.

A study had reported a higher prevalence of comorbidities 
in patients with reinfection.[32] However, we did not find 
a difference in comorbidities between the control group 
and patients with reinfection. In the current study, 
the hospitalization in first infections and reinfections 

among the cases was similar, which indicates that the 
severity of reinfection cannot be established as less or 
more than the first infection. In addition, our findings 
showed that CRPs and neutrophils were higher at the 
first infection than the reinfection (but not higher than 
controls). This may indicate lower inflammation in the 
second infection; therefore, the severity of reinfection 
might be individual‑related and would require further 
studies, including inflammation and immune responses. 
Nevertheless, patients with hospitalization during 
the first infection were predicted to be more likely to 
have reinfection, which is in agreement with previous 
studies.[33,34]

Although our cohort had extensive clinical data, 
COVID‑19 vaccination status could not be obtained. 
This study describes a large portion of Saudi 
population across different regions; although it might 
not change the main conclusion, nationwide data 
would provide a concise description and conclusions. 
The presence of electronic medical records delivered 
high‑quality data.

Conclusion

As many viral infections can protect from repeated 
infections, COVID‑19 reinfection can occur, taking a 
pattern similar to the common human coronaviruses. 
Our study showed that it is not very often that COVID‑19 
reinfections occur. There are no apparent risk factors of 
reinfection, and second infections can be as severe as 
the first. Further work is needed to better understand 
reinfections with COVID‑19 to advise public health 
policymakers. This is urgently required when there is a 
community spread of new variants of concern, such as 
Omicron or other virus variants.

Financial support and sponsorship
Nil.

Figure 3: Coronavirus disease 2019 reinfection overtime, from March 2020 to August 2021. The primary axis is national coronavirus disease 2019 data. The red line 
represents reinfection numbers in the current study
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