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ABSTRACT

Objectives: The World Health Organization has promoted the use of serological testing as a rapid and accurate
technique for the detection of immunity against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
In Lebanon, a better understanding of the immune response against SARS-CoV-2 is needed to develop effective
measures for prevention and to plan an appropriate national vaccination program. This study aimed to measure
the immunity status in Lebanon.

Methods: In this cross-sectional study, the population comprised male and female Lebanese and non-Lebanese
residents of Lebanon between the ages 15 and 75. The exclusion criteria included: same household, symptomatic
individuals, and extremes of age (< 15 and > 75). Representative testing for SARS-CoV-2 antibodies (anti-SARS-
CoV-2 electrochemiluminescence immunoassay/ECLIA) was used to assess the prevalence of SARS-CoV-2 infec-
tion in Lebanon.

Results: In total, 13 755 participants were recruited over a 6-month period. Of these, 3168 (23.03%) individuals
tested positive for anti-SARS-CoV-2, with levels of positivity varying among districts. A higher level of seroposi-
tivity was detected in the female participants.

Conclusion: Seroprevalence against SARS-CoV-2 varied within Lebanon, but was comparable to the levels reported
in the MENA region at the time of the study. The seroprevalence documented in this study represents a level of
immunity that is not protective at the national level.

Funding: This study was funded by the Lebanese American University School of Medicine.

Introduction

with low seroprevalence (Gudbjartsson et al., 2020). Large-scale serol-
ogy prevalence studies have provided important estimates of the frac-

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
caused a major spread of coronavirus disease 2019 (COVID-19) glob-
ally, which was declared a pandemic by the World Health Organiza-
tion (WHO) on March 21, 2020. Several studies started to assess its
viral pathogenesis, genetic shifts, and variations, in addition to the ac-
quired immunity status against SARS-CoV-2. Such immunity is usually
acquired at an individual level via natural infection or through vaccina-
tion (Randolph and Barreiro, 2020).

Following the identification of the virus, many rapid tests became
available, including antigen detection and polymerase chain reaction
(PCR) testing, as well as highly specific and well-validated serological
assays (Beavis et al., 2020; GeurtsvanKessel et al., 2020; Meyer et al.,
2020). Highly specific assays have been used to screen populations

tion of a population that has developed antibodies against SARS-CoV-2
(Kritsotakis, 2020). Indeed, WHO has promoted the use of serological
testing as a rapid and accurate technique for detecting immunity against
SARS-CoV-2 (WHO, n.d.).

COVID-19 antibody testing is based on detecting antibodies against
the spike protein (S), the nucleocapsid protein (N), and other proteins
that elicit high antigenicity (Liu et al., 2020). Several serology methods
have been developed to detect immunoglobulin M (IgM) and IgG anti-
bodies targeted against SARS-COV-2 antigens in the serum of patients
(Xiang et al., 2020). In the summer of 2020, some studies raised con-
cerns on the waning of antibody immunity, especially in patients who
were mildly symptomatic (Ibarrondo et al., 2020; Long et al., 2020).
However, it was later suggested that studies conducted after the first
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COVID-19 wave probably assessed transient waning of antibody titers,
whereas studies performed after the second wave reflected a more
factually correct state of longer-lasting antibody titers (Alter and
Seder, 2020). Overall, antibody assays remain a more cost-effective and
reliable representation of collective immunity in populations (Alter and
Seder, 2020).

Since April 2020, seroprevalence studies have been conducted in nu-
merous countries, including China, France, Iran, Spain, Brazil, Peru, and
the USA (Alvarez-Antonio et al., 2021; Gallian et al., 2020; Hallal et al.,
2020; Havers et al., 2020; Pollan et al., 2020; Shakiba et al., 2020;
Xuetal., 2020). Such studies have provided insights into the levels of im-
munity in these countries, and have highlighted the statistically signifi-
cant variables that have contributed to them. One meta-analysis studied
SARS-CoV-2 seroprevalence globally, and concluded that it varies across
different regions in the world depending on several factors, including
human development indices, income levels, and geographic latitudes
and/or climate (Rostami et al., 2021).

In Lebanon, 547 497 infected cases had been reported by July 11,
2021, with 7873 individuals losing their lives due to COVID-19. Despite
an incremental increase in cured cases, the rapid spread and transmis-
sion of SARS-CoV-2 remain a major problem. Consequently, more infor-
mation on the immune response against this virus is needed for better
infection control and treatment management.

To date, no national serology prevalence study for the residents
of Lebanon has been published. Our study measured the titers of
SARS-CoV-2 antibodies in a cross-sectional sample of the population in
Lebanon to assess levels of SARS-CoV-2 immunity. Greater understand-
ing of collective immunity against SARS-CoV-2 can help steer public-
health policies for better disease control, and will provide insight into
the seroprevalence rates in other countries of the Middle East and North
Africa (MENA) region.

Methods
Study design, population, and sampling

In this population-based cross-sectional study, serological testing for
anti-SARS-CoV-2 antibodies was used to assess the prevalence of SARS-
CoV-2 infection across all eight Lebanese governorates, 26 Lebanese
districts, and 138 Lebanese municipalities. A minimum sample size of
12 372 participants was determined to be required for significance in
this study; ultimately, 13 755 participants were tested. The sample in-
cluded male and female Lebanese and non-Lebanese residents, as well
as Syrian and Palestinian refugees living in Lebanon, between 15 and
75 years of age. Individuals of the same household, symptomatic indi-
viduals (for consistency and the safety of participants), individuals of
extreme ages (< 15 and > 75 years old) due to sample acquiring diffi-
culty, and vaccinated individuals were excluded.

Collaboration was established with municipality officials within the
Lebanese governorates and districts represented in this study. The mu-
nicipalities selected and invited eligible participants, based on official
records. Participants were contacted via telephone to document any
exclusion criteria and to schedule appointments. Major municipalities
with high population densities were selected to be representative, while
maintaining spatial diversity.

Case ascertainment rates have varied drastically over time in
Lebanon. However, accurate estimates from this seroprevalence study
were achieved by recruiting a representative sample of the population
of interest. Furthermore, congregate settings (e.g. nursing homes, pris-
ons, same household, or same building) were avoided to decrease bias.

Procedures
Participants were screened and recruited based on the inclusion

criteria. These individuals signed consent forms and were guided to
fill an online questionnaire about their adherence to social distancing
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and mask wearing, COVID-19-related symptoms since the beginning of
the pandemic, exposures, and travel history. Five mL of venous blood
was collected into a standard sampling tube. Next, the Elecsys Anti-
SARS-CoV-2 assay (Roche Diagnostics) was used to analyze each serum
sample, with the manufacturer’s data stating a specificity of 99.81%
(95% CI: 99.67%-99.90%) and sensitivities of 60.2% (95% CI: 52.3%-
67.8%)on days 0-6, 85.3% (95% CI: 78.6%-90.6%)on days 7-13, and
99.5% (95% CI: 97.0%-100%) from day 14 of PCR confirmation. The
manufacturer validated the clinical sensitivity of this assay by analysing
496 samples from 102 positive-PCR symptomatic patients, validated its
analytical specificity by analyzing a cohort of 792 samples, and vali-
dated its clinical specificity by analysing 10 453 samples according to
routine diagnoses (Hallal et al., 2020; Kronbichler et al., 2020).

The Elecsys Anti-SARS-CoV-2 assay uses a recombinant pro-
tein representing the nucleocapsid (N) antigen for the determina-
tion of antibodies against SARS-CoV-2. During the first incubation,
20 uL of biotinylated SARS-CoV-2-specific recombinant antigen and
SARS-CoV-2-specific recombinant antigen labeled with a ruthenium
complex form a sandwich complex. During the second incubation, after
the addition of streptavidin-coated microparticles, the complex becomes
bound to the solid phase via the interaction of biotin and streptavidin.
Then the reaction mixture is aspirated into the measuring cell, where
the microparticles are magnetically captured onto the surface of the
electrode. Unbound substances are removed using ProCell/ProCell M. A
voltage is applied to the electrode, inducing chemiluminescent emission,
which is measured by a photomultiplier (Elecsys® Anti-SARS-CoV-2,
2022).

Finally, the results are determined automatically using software that
compares the electrochemiluminescence signal obtained from the reac-
tion product with the signal of the cut-off value previously obtained by
calibration. If the COI is more than 1.0, the sample is considered reactive
and positive for anti-SARS-CoV-2 antibodies.

The first blood samples were collected on September 21, 2020, in
the Jezzine district, with the last collected on April 8, 2021, in the
Nabatieh district. Sample collection visits ranged between two and five
trips weekly. The number of municipalities visited depended on the lo-
gistical feasibility and spread status of SARS-CoV-2 in the targeted areas.
Our study took course across seven partial lockdowns and four complete
lockdowns. During periods of lockdown, our trips were limited or ad-
justed as much as possible to comply with public health measures and
to prevent superspreader events. The study design was not affected. Our
blood sample collection took place over 103 days, with an average of
265 collected samples per day.

Patients’ identities were kept confidential. Only the investigators and
research team had access to these data. The data were not shared with
an entities, persons, or organisations outside of those with access to the
Lebanese American University Medical Centre-Rizk Hospital (LAUMC-
RH) confidential records. Analyses and publications did not include any
medical numbers or social security numbers. All study personnel had
been trained in maintaining the confidentiality of health information.
All data with patient identifiers will be destroyed 5 years after publica-
tion of the final study report.

Covariates

Demographic variables included sex, age, municipality, district, gov-
ernorate, and date of sample collection. Participants’ ages were grouped
into 5-year intervals (15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45—
49, 50-54, 55-59, 60-64, 65-69, and 70-74 years). COVID-19-related
exposure was defined as exposure to individuals who had recent travels,
infectious symptoms, or a confirmed positive COVID-19 PCR test. Expo-
sure was defined as any violation of social distancing or absence of face
mask. If exposure was confirmed, patients were asked about the time
of exposure and the total number of individuals they were exposed to.
Individuals were also asked about their own recent travel history, time
of travel, and country of travel origin.
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Sample size calculation

The minimum sample size was computed while assuming an infinite
population size, and using the following formula:

Zi_gpXpX (1=-p)
dz2
where p is the seroprevalence rate and d is the precision.

A sample size of 5379 was initially required for our study. This was
calculated while considering a type I error rate of 5% and a precision
(margin of error) of 1%, and assuming a seroprevalence rate of 20%.
The 26 districts and the combined refugee camps were then considered
as the 27 clusters in the study, and used to compute the design effect
while assuming an intraclass correlation of 0.05, as follows:

DEFF = 1 + 0.05x(27 — 1) =23

Applying the design effect to correct the estimated sample size, re-
sulted in a total of 12 372 (5379 x 2.3) individuals.

The required sample size for each age-group and sex in each
Lebanese governorate and district, as well as in the refugee camps,
was proportional to their population relative to the total popu-
lation of all registered residents in Lebanon, as per the ‘Presi-
dency of the Council of Ministers Central Administration of Statis-
tics CAS’ (http://www.cas.gov.lb/images/Publications/LFHLCS2018-
2019/LFHLCS_2018 2019 _Demography.xls) and the detailed analyti-
cal report ‘Population and Housing Census in Palestinian Camps and
Gatherings in Lebanon’ (http://www.lpdc.gov.lb/DocumentFiles/8-10-
2019-637068152405545447.pdf).

Statistical analysis

Baseline characteristics, sex, and age-group were described for each
district. Crude SARS-CoV-2 seroprevalence was computed for the gen-
eral population as well as by sex, district, and age-group. The overall
crude frequencies of positive tests were calculated and stratified by age
and sex. The 95% CIs for seroprevalence were constructed using the
bootstrap method in ci_proportion from the ‘confintr’ package in R, with
10 000 repetitions. The seroprevalence rate adjusted by the test sensitiv-
ity and specificity was also computed using the following formula from
Sempos et al. (Sempos and Tian, 2021): adjusted prevalence = (crude
prevalence + specificity — 1)/(sensitivity + specificity — 1)

The specificity and sensitivity for the ECLIA test were assumed to
be 99.81% and 99.5%, respectively. Given that sensitivity changes rel-
ative to the number of days since infection, the weighted average was
computed based on the number of samples reporting as being exposed
— within 6 days, between 7 and 13 days, and after 14 days.

The chi-squared test of independence was used to compare sero-
prevalence rates between the different sex and age groups and districts.
The Pearson correlation coefficient was computed to assess the relation-
ship between our daily SARS-CoV-2 seroprevalence rates, and the daily
percentage of COVID-19 PCR-positive cases reported by the Lebanese
Ministry of Public Health. A p-value < 0.05 was deemed statistically
significant.

The quantitative antibody titers for SARS-CoV-2 among the differ-
ent sex and age groups were also compared. The Shapiro test was first
used to to check for normality, followed by the Wilcoxon rank sum and
Kruskal-Wallis tests to assess the differences between the sex and age
groups, respectively. The quantitative measures are reported as mean
+ standard deviation. The odds ratios (OR) of having a positive sero-
prevalence, along with their 95% confidence intervals, were computed
using the logistic regression function glm, and were adjusted to the sex,
age group, being exposed, and symptomatic covariates. The ORs were
computed relative to individuals who were 15-19 years old, female,
non-exposed, and non-symptomatic.
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13,843
Individuals were
88 screened
Individuals were
excluded for not
meetinginclusion 13,755
criteria Individuals met

inclusion criteria
and were recruited

A4

13,755
Individualsfilled the
required
questionnaire

13,755
Individuals provided
blood samples for
testing

Figure 1. Participant selection.

Bias

The response rate was very high in our study, which limited response
bias. However, there may have been potential for mild sampling bias be-
cause the municipalities had varying access to their citizens in times of
quarantine. This bias was mostly negligible due to the efforts to maintain
a representative sample. In addition, recruited individuals were subjec-
tive in reporting their symptoms. This might have added to the limita-
tions of this study, since there was no documentation of symptoms by
clinicians at the time of disease manifestation.

Role of the funding source

The sponsor of this study was the Lebanese American University
(LAU). LAU administration had no intervening role in the study design,
data analysis or interpretation, or writing of the report. In addition, the
corresponding author had full access to all the data used in this study,
and had final responsibility for the decision to submit this study for pub-
lication.

Results

For this population-based cross-sectional study, 13 843 individu-
als were initially recruited, but 88 were excluded for not meeting the
eligibility criteria. Blood samples were collected from the 13 755 re-
maining individuals for testing with the Elecsys Anti-SARS-CoV-2 assay
(Figure 1). Of the included individuals, 7200 were males (52.34%) and
6555 were females (47.66%), giving a male-to-female ratio of 1.098.
Only 22.64% (3144/13 755) of participants had experienced symp-
toms since the beginning of the pandemic, 86.56% (11906/13 755)
applied quarantine/social distancing, 33.38% (4592/13 755) reported
a previous exposure to a patient who wad COVID-19 PCR-positive,
18.91% (2600/13 755) were exposed to symptomatic individuals,
1.87% (257/13 755) had travelled within a month of enrolment in the
study, and 15.93% (2191/13 755) reported contact with a recent trav-
eller since enrolling in the study.
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Table 1

Seroprevalence of Participants Stratified by Sex and Age-Group.

LJID Regions 2 (2022) 184-190

Sample size

Seropositive participants

Seroprevalence, % (95% CI)

Adjusted Seroprevalence, %

Total 13755 3168 23.03% (22.35-23.74) 24.60%
Sex
Male 7200 1550 21.53% (20.57-22.47) 22.98%
Female 6555 1618 24.68% (23.66-25.75) 26.38%
Age, Years
15-19 1,250 349 27.92% (25.44-30.40) 29.87%
20-24 1,474 385 26.12% (23.88-28.36) 27.93%
25-29 1,258 312 24.80% (22.41-27.19) 26.51%
30-34 1,188 282 23.74% (21.30-26.18) 25.36%
35-39 1,230 321 26.10% (23.66-28.54) 27.91%
40-44 1,281 292 22.79% (20.53-25.14) 24.35%
45-49 1,318 311 23.60% (21.32-25.87) 25.21%
50-54 1,447 308 21.29% (19.07-23.43) 22.72%
55-59 1,320 253 19.17% (17.05-21.21) 20.44%
60-64 942 159 16.88% (14.54-19.32) 17.97%
65-69 611 106 17.35% (14.40-20.29) 18.48%
70-74 436 90 20.64% (16.97-24.31) 22.03%
Table 2

Seroprevalence of Participants Stratified by District.

Sample Size

Seropositive pariticipants, n

Seroprevalence % (95% CI)  Adjusted Seroprevalence, %

Total 13755 3168
District

Akkar 806 116
Aley 844 298
Baabda 1,416 375
Baalbeck 596 176
Batroun 141 25
Bcharre 93 17
Beirut 1,085 285
Bint Jbayl 229 8
Chouf 745 164
El Metn 1,538 558
Hasbaya 78 47
Hermel 96 4
Jezzine 97 3
Jubail 398 7
Kasrouane 697 89
Kou ra 257 38
Marjaayoun 193 2
Minieh-Danieh 351 142
Nabatiyeh 520 51
Rachiaya 98 31
Refugees 447 164
Saida 791 43
Sour 634 70
Tripoli 688 247
West Bekaa 220 40
Zahleh 461 117
Zgharta 236 51

23.03% (22.35-23.74) 24.60%
14.39% (12.03-16.87) 15.29%
35.31% (31.99-38.39) 37.83%
26.48% (24.22-28.74) 28.32%
29.53% (25.83-33.22) 31.61%
17.73% (11.34-23.40) 18.89%
18.28% (10.75-25.80) 19.48%
26.27% (23.59-28.84) 28.09%
3.49% (1.31-6.11) 3.55%

22.01% (19.06-24.83) 23.51%
36.28% (33.87-38.68) 38.88%
60.26% (47.43-69.23) 64.72%
4.17% (1.04-8.33) 4.27%

3.09% (0.00-7.21) 3.12%

1.76% (0.50-3.01) 1.68%

12.77% (10.33-15.20) 13.54%
14.79% (10.50-19.06) 15.72%
1.04% (0.00-2.59) 0.90%

40.46% (35.04-45.29) 43.38%
9.81% (7.30-12.30) 10.35%
31.63% (22.44-39.79) 33.87%
36.69% (32.21-41.16) 39.32%
5.44% (3.91-6.95) 5.64%

11.04% (8.67-13.56) 11.68%
35.90% (32.26-39.38) 38.47%
18.18% (13.18-23.18) 19.38%
25.38% (21.25-29.28) 27.13%
21.61% (16.10-26.69) 23.07%

Using the ECLIA technique, 3168 individuals tested positive for anti-
SARS-CoV-2 antibodies, which had a crude seroprevalence of 23.03%
(22.35-23.74). Table 1 shows that 21.53% (20.57-22.47) (1550/7200)
of males and 24.68% (23.66-25.75) (1618/6555) of females tested pos-
itive, and seroprevalence rates varied for members of different age
groups.

Seroprevalences were stratified by Lebanese district (Table 2); for
example, the highest level of 60.26% (47.43-69.23) seropositivity was
detected in Hasbaya, 40.46% (35.04-45.29) was recorded in Minieh-
Danieh, and the lowest seropositivities of 1.76% (0.50-3.01) and 1.04%
(0.00-2.59) in Jubail and Marjaayoun, respectively.

The seroprevalence rate was found to be significantly associated with
the three covariates: sex, age group, and district (chi-squared, p < 0.0001
for the three variables). For example, 24.68% (1618/6555) of females
tested positive for SARS-CoV-2 antibodies, while the prevalence was
only 21.43% (1550/7200) in males (Table 1).
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A statistically significant difference was recorded between males
and females with respect to positive seroprevalence (chi-squared,
p = 1.24e-05), with 24.68% (1618/6555) of females and 21.43%
(1550/7200) of males testing positive for SARS-CoV-2 antibodies
(Table 1).

Out of all positive-testing participants, 51% (1618/3168) were fe-
males and 49% (1550/3168) were males (Table 3). In addition, 87%
reported applying quarantine and social distancing, 57% reported hav-
ing prior symptoms since the beginning of the pandemic, 54% reported
history of exposure to patients with COVID-19, 15% reported a history of
exposure to symptomatic individuals, and 11% reported contact with a
recent traveller. Of participants who tested negative for anti-SARS-CoV-
2 antibodies, 47% were females and 53% were males, 86% reported
applying quarantine and social distancing, 12% reported having prior
symptoms since the beginning of the pandemic, 27% reported a history
of exposure to patients with COVID-19, 31% reported a history of ex-
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Table 3
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Exposure History to PCR positive or Symptomatic Individuals and Symptomatology of Male and Female Seropositive Participants.

Serology Positive 23% (3168)

Serology Negative 77% (10587)

Males 49% (1550)
Symptomatic 56% (863)
Exposed 72% Not Exposed

Asymptomatic 44% (687)

Exposed 41% Not Exposed Exposed 74%

Females 51% (1618)
Symptomatic 58% (945)
Not Exposed

Males 53%
(5650)

Females 47%
Asymptomatic 42% (673) (4937)

Exposed 36% Not Exposed

(620) 28% (243) (280) 59% (407) (698) 26% (247) (244) 64% (249)
Figure 2. Daily SARS-CoV-2 seroprevalence
rates and daily percentages of COVID-19 PCR-
positive cases, as reported by the Lebanese Min-
istry of Public Health.
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O.f the symptomatlcopartlmpants, 74% (698/945) reporteq an exposure Exposed 176 16-1.93 <0.0001°**
history, whereas 26% (247/945) reported no exposure history. Of the Symptomatic 778 7.07 - 8.57 <0.0001%**

asymptomatic participants, 36% (244/673) reported an exposure his-
tory, whereas 64% (429/673) denied having an exposure history.

A statistically significant positive correlation (correlation coeffi-
cient = 0.402; p < 0.0001) was also found between our daily SARS-CoV-
2 seroprevalence rates and daily percentages of COVID-19 PCR-positive
cases as reported by the Lebanese Ministry of Public Health (Figure 2).

The positive seroprevalence adjusted odds ratios (OR) are presented
in Table 4. There was a statistically significant increase in positive sero-
prevalence among individuals who were exposed to an infected individ-
ual. Among those exhibiting symptoms, seroprevalence was 1.76 and
7.78 times higher in the exposed and symptomatic individuals, respec-
tively, compared with non-exposed and non-symptomatic 15-19 years
old females (exposed: OR = 1.76, 95% CI = 1.6-1.93; symptomatic:
OR = 7.78, 95% CI = 7.07-8.57; both p < 0.0001). On the other
hand, positive seroprevalence was 0.87 times lower in male individuals
(OR = 0.87, 95% CI = 0.8-0.96; p = 0.003), and was also statistically
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significantly lower in all age groups except for those aged 35-39, 45-49,
and 70-74 years (Table 4).

Discussion

In this population-based cross-sectional study, the seroprevalence
of anti-SARS-CoV-2 antibodies was estimated for all Lebanese gover-
norates and districts, including refugee camps. This was performed
through 13 755 tests conducted in 138 randomly selected municipal-
ities. No seroprevalence study of anti-SARS-CoV-2 antibodies to esti-
mate the immunity status in Lebanon had previously been published.
A predictive model estimating a 27% immunity status by May 1, 2021
was reported; however, such a predication is prone to shifting due to
multiple variables, including social distancing measures and vaccina-
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tion rates (Institute for Health Metrics and Evaluation, 2022). In our
study, 23.037% of the tested population was found to be immune. This
rate was higher than other countries’ reported rates for the same time
period in-spite of the early lockdown in Lebanon Institute for Health
Metrics and Evaluation, 2022). Notably, mask-wearing and social dis-
tancing were not properly practiced because of social norms.

Further analysis of the results revealed that females were more ex-
posed, infected, and immune to SARS-CoV-2 than males (24.68% vs
21.53%). However, different age groups had different immunity sta-
tuses. Younger age groups (15-19 years and 35-39 years) had the high-
est positive rates, whereas the older age groups (e.g. 55-64 years) had
the lowest. This might have been a result of the belief that the disease
is selectively worse for older individuals, making the young less com-
mitted to mask-wearing and social-distancing measures, whereas older
individuals took stricter precautions. In addition, the majority of those
who tested positive denied exposure to symptomatic individuals. Hence,
most exposure probably involved asymptomatic patients prior to their
disease manifestation. Moreover, only 11% of individuals who tested
positive reported recent exposure to a recent traveller. Thus, most of
the SARS-CoV-2 spread was local. In addition, most of those who tested
positive reported practicing quarantine or social distancing measures,
which most likely were carried out inefficiently, failing to yield the de-
sired disease protection.

With regard to geographic distribution, our results showed that the
highest prevalence of SARS-CoV-2 antibodies was found in the Has-
baya (60%) and Minieh-Danieh (40%) districts, which may be attributed
to potential socioeconomic confounding factors in the mentioned loca-
tions, where members interact more closely and disregard preventive
measures in the face of social norms that encourage physical contact. In
addition, the positive correlation between the daily SARS-CoV-2 cases
reported by the Lebanese Ministry of Public Health and SARS-CoV-2-
immune individuals in this study confirms the correlation between the
rate of infectivity and the rate of development of immunity against the
virus (Figure 2). It also serves to externally validate our study.

Seroprevalence studies serve to estimate COVID-19 infections, since
most asymptomatic and presymptomatic patients do not usually get
tested (Kronbichler et al., 2020). One study in the USA revealed a total
number of cases that was 6-24 times the previously confirmed number
after accounting for the untested asymptomatic and presymptomatic pa-
tients (Havers et al., 2020). Seroprevalence studies are also important
in predicting second and third waves in all countries, as suggested by a
recent meta-analysis (Rostami et al., 2021). When compared with global
results, the seroprevalence rate in Lebanon (23.03% at 95% CI) was one
of the highest in the world. It was significantly above the global aver-
age (3.38% at 95% CI), and very similar to previously reported results
in Central and Southern Asia (22.16% at 95% CI in Iran, for instance)
(Rostami et al., 2021).

To our knowledge, no other SARS-CoV-2 seroprevalence study in
Lebanon has offered an insight into anti-SARS-CoV-2 immunity status
(Bizri et al., 2021). This study was conducted at a time when the Institute
for Health Metrics and Evaluation (IHME) noted a three-fold increase
in the death rate in the MENA region, between September and Decem-
ber 2020 (Institute for Health Metrics and Evaluation, 2020). Therefore,
the results of our study are essential for understanding the initial spatial
spread of SARS-CoV-2 and the immunity status for different subpopu-
lations in Lebanon. This study will help guide necessary interventions
where needed, such as allocating vigorous testing and vaccination in
districts where these are most needed. This, along with adjusting quar-
antine measures, would increase the efficiency of lockdown measures
without heavily stressing the economy.

There were some limitations to this study. First, some participants
may have belonged to the same household. This task was allocated to
contacted municipalities, some of which could have allowed a few vio-
lations. However, our research team double-checked on this issue and
made sure that no members of the same family were included. Second,
our selection criteria excluded individuals < 15 years of age and > 74
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years of age, as well as symptomatic individuals regardless of their age.
This may have neglected a sector of society that contributed to the over-
all seroprevalence status, but this was compensated by adding more
numbers in the other age groups similar, as has been done in other epi-
demiological studies carried out at a national level. Third, recruitment
frequency was partially limited during lockdown periods, although all
efforts were made to compensate for the period of lockdown. Fourth,
the study period also served as a limitation of this study; however, the
study was completed within 6 months, decreasing bias and serving as an
acceptable estimation of cross-sectional seroprevalence. Another limita-
tion was the hook effect of the test used, which could not be adjusted for.
Finally, limited medical history appropriate for the study was collected.
However, the results can be generalized to the studied population, be-
cause the sample size was representative of the population of interest,
the response rate was very high among recruited individuals, and the
technique used had high sensitivity and specificity.

Conclusion

In conclusion, this study examined both nationwide and regional
estimates of SARS-CoV-2 spread in Lebanon. It demonstrated different
seroprevalence rates in different districts, and according to age group
and sex. It highlighted how transmission most likely occurred through
asymptomatic locals. In addition, it showed that the seroprevalence rate
was not sufficient to achieve a high immunity status, thus reemphasiz-
ing the importance of adhering to social distancing and wearing of face
masks to avoid transmission and infection.
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