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Introduction 
Since the outbreak of COVID-19 in Wuhan, China, in 

December 2019, the disease has spread rapidly around the 
world and has become one of the major health problems in 
recent decades (1). In Iran, since the official report of the 
first definite case on February 19, 2020, more than 
1,305,399 definite cases and more than 56,457 deaths due 
to this disease have been reported until January 13, 2021. 

Currently, the definitive method of diagnosing COVID-
19 is the use of genomic techniques, such as PCR, and 
sequencing performed using swab sampling from the 
throat or nasopharynx. In this method, as in other diagnos-
tic methods, cases of false negatives are observed, which 
are related to reasons such as the time interval from the 
onset of infection and the sampling bugs. In the case of 
many known pathogenic viruses, serological findings have 
been a common method for examining the history of path-
ogen exposure. Compared to PCR, serological testing has 
always been desired due to the shorter time to achieve the 
result and less cost and workload. Serological tests are 
used to measure the response of antibodies to the virus 
and to monitor the severity of disease transmission and 
social vulnerability (2, 3).  

Since COVID-19 epidemiological surveillance through 
PCR is often performed for symptomatic people, the use 
of serological tests are important in epidemiological sur-
veillance of the epidemic to identify people exposed to the 
virus and developed antibodies against it (whether asymp-
tomatically or symptomatically) (4). Sero-epidemiological 
surveillance can provide valuable information to policy-
makers for estimating serological prevalence in different 
age and sex groups and monitoring changes in prevalence 
and incidence in different geographical areas through con-
ducting repetitive population-based surveys (5, 6).  

 In this way, the results of the interventions performed 
can be evaluated and new cost-effective interventions can 
be designed. The findings could be useful in providing 
comprehensive information on the history of infection and 
herd immunity and estimating the probability and timing 
of future epidemic waves (7). In addition, using the results 
of this type of study, it is possible to accurately estimate 
the infection fatality rate of the disease. In the absence of 
these studies, however, the estimated infection fatality rate 
of COVID-19 should be calculated based on the number 
of confirmed cases of the disease multiplied by a parame-
ter that indicates the number of indeterminate or asymp-
tomatic cases (8-12).  

So far, all available evidence suggests that the conse-
quences of the COVID-19 pandemic will not be limited to 
a short period of time and that the health system will need 
to plan for COVID-19 management in the months and 
possibly years ahead. Proper policymaking on effective 

interventions, prevention, and control of the epidemic 
requires accurate information on the burden and distribu-
tion of the disease across the country. Accordingly, the 
Ministry of Health and Medical Education (MOHME) of 
the Islamic Republic of Iran has designed regular nation-
wide population-based surveys of the Iranian COVID-19 
Serological Surveillance (ICS) program, whose first sur-
vey was implemented in August 2020.  

 
Aims 
The objectives of the project are (i) to estimate the prev-

alence of COVID-19 in Iran at specific intervals, in total 
and by province, urban/rural area of residence, sex, and 
age groups; (ii) to estimate the monthly incidence rate of 
COVID-19 in Iran indirectly, in total and by province, 
urban/rural area of residence, sex, and age groups; and 
(iii) to determine the trend of changes in the prevalence 
and incidence of COVID-19 over time in the country and 
separately for each province. 

 
Methods 
Study Design 
In the ICS program, nationwide population-based sero-

logical surveys for COVID-19 will be conducted regular-
ly. In each survey, the target population will be all Irani-
ans aged 6 years and over living in the country. Besides, 
non-Iranian citizens living in the country are also consid-
ered as a part of the target population. 

 
Inclusion and Exclusion Criteria 
The inclusion criteria of each survey will be as follows: 

(i) People with Iranian unique national identification 
number registered in the primary health care (PHC) elec-
tronic health record systems (SIB, SINA, and NAB); (ii) 
non-Iranian citizens without Iranian unique national iden-
tification number registered in the PHC electronic health 
record systems; (iii) aged 6 years and older; and (iv) suffi-
cient physical ability to attend the blood sampling center. 

Individuals hospitalized or isolated due to definite or 
probable diagnosis of COVID-19 who are in the conta-
gious period will also be considered as the target popula-
tion. If possible, blood samples will be taken from these 
people in full compliance with the health protocols at their 
place of residence. Otherwise, the reason for not including 
them in the study will be recorded, but they will also be 
taken into account in calculating the prevalence of the 
disease. 

The exclusion criteria will be contraindications for ve-
nous blood sampling and unwillingness for participation 
in the study. 
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Inviting the Participants to the Districts’ Blood Sam-

pling Centers 
Figure 1 shows the implementation process for each 

survey. After determining the list of enrolled people in the 
study for each university/faculty of medical sciences, their 
profile will be visible in the urban and rural community 
health workers interface in the PHC electronic health rec-
ord systems. Community health workers, in coordination 
with the primary health care network of each district, will 
call the selected people and invite them to the selected 
blood sampling centers of the district for blood sampling. 
If they fail to make a phone call to the selected person, 
they keep calling up to 3 times and up to twice a day. In 
case of no response, lack of eligibility criteria, or dissatis-
faction of the person for blood sampling, et cetera, such 
people are classified in the “non-responding” category and 
the reason for their non-response will be recorded in the 
PHC electronic health record systems by the community 
health workers. 

Community health workers will provide the ground for 
maximum participation in the study by explaining the ob-
jectives of the study to participants. Individuals who give 
verbal consent to participate in the project are asked to 
refer to the selected blood sampling center of the district 
within a maximum of 5 working days with an identifica-
tion (ID)  card in hand and without any special prepara-
tion. If the participant does not refer to the sampling cen-
ter after 5 working days, the community health workers 
will be informed through the systems and they will contact 
the participant again to refer. If the person does not refer 
despite the follow-up, the non-referral reason for such a 
person will be registered in the system.  

 
Blood Sampling from the Participants, Serum Separa-

tion, and Transferring the Samples to the Laboratories 
The blood sampling centers in each district will be se-

lected so that the participants face with minimum risk of 
contracting the coronavirus and that they have easy ac-
cess. Blood samples will be taken from the invited people 
in these centers. Blood sampling will be performed after 
obtaining written informed consent from the participants 
and in full compliance with health protocols. The sampler 
and the participant will both use personal protective 
equipment (mask, goggles, gloves, and appropriate gown). 
The sampling sites will be disinfected at intervals between 
visits with suitable disinfectants. A volume of 10 mL of 
intravenous blood will be taken from each person. Also, 
the unique code of the person in the PHC electronic health 
record systems, the name of the district and province, and 
the date of sampling will be labeled on the sample tubes. 
Up to 2 hours after blood sampling, the sample tubes will 
be centrifuged at 1000 to 1200 rpm for a maximum of 15 
minutes, and then their serum will be transferred to plas-
tic-sealed microtubes with an identification label and they 
will be stored at 4 C° to 8 C° in the refrigerator until the 
transfer time. Serum samples will then be transferred to 
the selected laboratory of the medical university in a 3-
layer package at a temperature of 4 C° to 8 C° up to 24 

hours after sampling. 
Serological Testing Using ELISA Method on Serum 

Samples 
After receiving serum samples from the blood sampling 

centers, the serological tests will be done on the samples 
by enzyme-linked immunoassay (ELISA) method using 
ELISA Kit SARS-CoV-2/IgG-IgM (Pishtaz Teb) accord-
ing to the relevant protocol (Appendix 1) to determine 
IgM and IgG antibodies against COVD-19 in the selected 
laboratories of medical universities. 

 
Recording Test Results in the PHC Electronic Health 

Record Systems 
Once the results of the serology tests are known, the re-

sults will be recorded by the laboratory staff in the PHC 
electronic health record systems. The participants will be 
informed orally about the test results by community health 
workers. For proper interpretation of the results of the 
tests, all participants will be referred to a comprehensive 
health center physician. Information of people with a posi-
tive test can also be used in managing the epidemic. Print 
of the test results will be provided to the participants, if 
requested. 

 
Providing Other Required Variables 
In addition to the result of the tests, the following varia-

bles will be extracted from the participants’ profile in the 
PHC electronic health record systems and added to the 
data of each survey: age, gender, province of residence, 
district of residence, name of comprehensive health center 
covering the individual, urban/rural area of residence, 
number of family members, having Iranian or non-Iranian 
citizenship, and history of positive COVID-19 PCR test. 

 
Displaying the Results of Each Survey in the PHC Elec-

tronic Health Record Systems 
At the end of each survey, the results, including estima-

tion of the prevalence and monthly incidence rate of 
COVID-19 at the country and the province levels, will be 
displayed in the PHC electronic health record systems— 
in general, by urban/rural area, gender, and age groups. 
Also, the spatial distribution of the incidence and preva-
lence in the country and the trend of their changes over 
time in the provinces and the country will be displayed on 
the systems. 

 
Estimating Sensitivity and Specificity of the Laboratory 

Kit 
In this project, the Food and Drug Administration of Is-

lamic Republic of Iran approved SARS-CoV-2 ELISA 
kits (Pishtaz Teb [catalogue numbers: PT-SARS-COV-
2.IgM-96 and PT-SARS-COV-2.IgG-96]) to be used to 
measure IgG and IgM antibodies against COVID-19. De-
spite the report of the diagnostic accuracy of the kit by the 
manufacturer, as the accuracy of the kit is important in 
determining the prevalence of COVID-19, its accuracy 
will be reevaluated in a separate study. 

To assess the sensitivity of the kit, 255 patients with a 
confirmed diagnosis of COVID-19 by the molecular 
method (PCR) will be tested (14). These individuals will 
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be a combination of those admitted to hospitals, outpatient 
clinics, and asymptomatic patients (15). Symptomatic 
patients will be selected among those whose symptoms 
had been appeared at least 3 weeks ago. 

To estimate the specificity of the kit, 410 people with no 
COVID-19 disease will be included in the study. Serum 
samples of the biobank of Tehran Lipid and Glucose 
Study (TLGS) from 1 year before the onset of the 
COVID-19 pandemic will be used for this purpose (fall 
2018 to summer 2019). The serum samples will be a com-
bination of samples taken in all seasons of the year in 
equal proportions. 

 
Education 
In a virtual training session, the objectives and protocol 

of the study will be taught to the focal points of the health 
laboratories of the medical universities and they will be 
asked to transfer the training materials hierarchically by 
holding at least 1 virtual training session for community 
health workers, blood samplers, and technical laboratory 
personnel. Also, the study protocol, its attached guide-
lines, and instructions for implementing the project will be 
provided to all study facilitators. 

 
Monitoring and Supervision 
During each survey, all the study processes, including 

inviting randomly selected individuals to participate in the 
study, obtaining written informed consent, taking blood 
samples, separating serum from the samples, transferring 

samples from the blood sampling centers to the laboratory, 
performing serological tests, recording and interpreting 
the test results, and delivering the test results to the partic-
ipants will be monitored. Two methods will be used for 
monitoring: (i) monitoring the progress of the study 
through the dashboard of PHC electronic health record 
systems based on the indicators in Table 1, and (ii) moni-
toring by the checklists. The directors of health laborato-
ries of the medical university are responsible for the su-
pervision of the optimal implementation of the study pro-
cess. The monitoring checklists will be completed under 
their supervision. 

 
Ethical Considerations 
This project has been approved by the ethics committee 

of the National Institute of Health Research (NIHR) of the 
Islamic Republic of Iran (Ethics code: 
IR.TUMS.NIHR.REC.1399.019). The only intervention 
that will be performed in this project is taking 10 mL of 
venous blood for serological tests. Written informed con-
sent will be obtained from all participants in the study. For 
participants aged 12 to 18 years, in addition to the indi-
vidual, the consent of the parents or legal guardians will 
also be taken. In children under 12 years, written informed 
consent is obtained only from the parents or legal guardi-
an. Blood samples will be anonymous and the test results 
will be communicated to participants through community 
health workers. Participants’ information remains com-
pletely confidential and only their aggregated information 

 
Table 1. Indicators for Monitoring the Progress of the Study and Their Calculation Methods 
 
Indicator 

 
Definition 

Proportions’ Calculation Method  
Report Level Numerator Denominator 

Invitation 
performance 

The number of people who have been 
successfully invited by a community 
health worker for blood sampling, and 
their percentage of the total number of 
people who should have been invited 
(determined sample size). 

The number of people 
community health worker has 
successfully contacted and 
invited them to the study. 

The total determined 
sample size in each 
level of the report. 

Country, separately by 
province, medical 
university and district 
primary health care 
network, and in the 
subgroup of non-
Iranian citizens 
 

Blood sampling 
performance 

The number of people from whom 
blood samples were taken, and their 
percentage of the number of people 
who were invited. 

The number of people from 
whom blood samples were 
taken. 

The number of people 
invited. 

Country, separately by 
province, medical 
university and district 
primary health care 
network, and in the 
subgroup of non-
Iranian citizens 
 

Laboratory 
performance 

The number of people whose 
serological test was performed and the 
result recorded, and their percentage 
of the number of people from whom 
blood samples have been taken. 

The number of people whose 
serological test was 
performed and the result 
recorded. 

The number of people 
from whom blood 
samples were taken. 

Country, separately by 
province, medical 
university and district 
primary health care 
network, and in the 
subgroup of non-
Iranian citizens 
 

Total performance The number of people whose 
serological test was performed and the 
result recorded, and their percentage 
of the total number of people who had 
to participate in the study (determined 
sample size). 

The number of people whose 
serological test was 
performed and the result 
recorded. 

The total determined 
sample size in each 
level of the report 

Country, separately by 
province, medical 
university and district 
primary health care 
network, and in the 
subgroup of non-
Iranian citizens 
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will be disseminated. 
 
Data Management 
As data collection and entering will be done using the 

Web-based application integrated into PHC electronic 
health record systems, many common sources of data en-
tering errors will be prevented. Followed by the data col-
lection stage of each survey, laboratory results along with 
other related information of participants in the PHC elec-
tronic health record systems will be used in the calculation 
of the prevalence and the incidence. All study participants 
have unique identifier codes linked to their unique nation-
al ID numbers but differ from them, so they remain anon-
ymous. These codes will be used to exchange and com-
municate data. 

The data screening steps will be performed by the anal-
ysis team comprises sorting, categorization, and checking 
the distribution of data. After finalizing the definitions and 
coding of the variables, all variables will be rechecked. In 
all stages of data management, no files will be changed 
and no variables will be deleted. Instead, the files will be 
numbered with changed or new variables. 

 
Statistical Analysis 
Data cleaning and statistical analysis will be conducted 

at the end of each survey. Prevalence of COVID-19 will 
be estimated at the national and provincial level by ur-
ban/rural area of residence, gender, and age categories (6-
17; 18 to 39; 40 to 59; and ≥60 years). In the presence of 
either anti-SARS-CoV-2 IgG or anti-SARS-CoV-2 IgM, 
or both, a participant will be considered “positive.” After 
correcting the false negatives and false positives of the 
serological test results, and weighting data based on the 
sampling design and response rate, a minimum biased 
estimate of the prevalence of COVID-19 will be obtained. 
Microsoft Excel (Microsoft Inc), STATA (Stata Corp), 
and R software (R Software Inc) will be used in statistical 
analysis. Prevalence proportions will be estimated with a 
95% uncertainty interval (UI). 

Statistical analysis of each survey will have the follow-
ing steps: (i) correcting the crude prevalence proportions 
for the measurement error of the laboratory kit based on 
the sensitivity and specificity of the kit; (ii) converting 
adjusted prevalences of the first step to the individual da-
ta; and (iii) weighing the individual data of the previous 
step based on the sampling design and response rate. All 
of the above steps will be performed in 16 strata made up 
of a combination of 4 age, 2 gender, and 2 urban/rural 
categories in each province separately. The details of each 
of the above steps are described below: 

 
1. Correcting the Crude Prevalence Proportions for the 

Measurement Error of the Laboratory Kit Based on the 
Sensitivity and Specificity of the Kit: 

For this purpose, the classic probabilistic bias modeling 
or the Bayesian methods will be used. 
 
(A) Correcting the laboratory kit’s measurement error 

with the classic probabilistic bias modeling method: 
One of the methods used for adjusting for the measure-

ment error of the laboratory kit is probabilistic bias model-
ing (16-18). In this method, the beta probability distribu-
tion will be used to form 2 probability distributions, one 
for the sensitivity and the other for the specificity of the 
kit. Based on the sensitivity and specificity estimates and 
their standard errors obtained from the laboratory kit’s 
performance study, the beta distributions of sensitivity and 
specificity will be constructed in such a way that their 
mean and standard deviation be matched with the point 
estimates and standard errors of the sensitivity and speci-
ficity obtained from the kit’s performance study, respec-
tively. For this purpose, for the beta distribution of sensi-
tivity, the parameter α of the beta distribution is equal to 
the number of positive test subjects in the group of pa-
tients plus 1, and the parameter β of the beta distribution is 
equal to the number of people with negative test results in 
the group of patients plus 1. For the beta distribution of 
the specificity, the parameter α of the beta distribution will 
be equal to the number of people with negative test results 
in the healthy group plus 1, and the parameter β of the 
beta distribution will be equal to the number of people 
with positive test results in the healthy group plus 1. Then, 
the values of the α and β parameters of the constructed 
distributions of sensitivity and specificity will reach a val-
ue with a slight change in such a way that the mean and 
standard deviation of the constructed distributions will be 
the same as that obtained in the kit’s performance study. 
Using the Monte Carlo sampling technique, 100,000 ran-
dom samples will be drawn from the prior beta distribu-
tions of the sensitivity and specificity. In each sampling 
step, the adjusted prevalence will be calculated using 
equation (1) (9).  The median, 2.5th, and 97.5th percentile 
of the posterior distribution of the adjusted prevalence will 
be computed as point estimate and 95% UI prevalence 
(18).  

 
. 1.

1
( | )
( | )

crude prevalence speAdjusted prevalence
sen spe

sen p Test COVID
spe p Test COVID

+ −=
+ −

= + +
= − −  (1) 

 
One of the limitations of this method is that in 2 cases 

the adjusted prevalence estimates may be negative: (i) 
when the sum of the sensitivity and specificity of the test 
is <100%. In this case, the denominator of equation (1) 
becomes negative. This occurs when the accuracy of a test 
is so low that it is even worse than classifying patients by 
chance. (ii) When the specificity of the test is too low that 
the crude prevalence of the disease is less than the proba-
bility of false positives (specificity - 1). In this case, the 
numerator of equation (1) becomes negative. In such a 
case, it can be considered that all the positive cases detect-
ed by the test in that community are false positives. If we 
encounter the above limitation in the classic method, we 
will use the Bayesian method to estimate the prevalence 
proportions adjusted for the kit’s measurement error. 
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(B) Correcting for the Laboratory Kit’s Measurement 
Error With the Bayesian Method 

In this method, the prevalence estimates adjusted for the 
sensitivity and specificity of the laboratory kit will not be 
negative (19). In the Bayesian method, in addition to the 
beta distributions of sensitivity and specificity, a uniform 
(0 and 1) distribution will also be considered for the crude 
prevalence proportion, and by the above three prior distri-
butions, the posterior distribution of the prevalence, which 
is adjusted for the kit’s measurement error, will be ob-
tained (19): 
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2 1 2 1
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θ
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−
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−
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

 (2) 
 
In equation (2), Ɵ is the crude prevalence, t is the num-

ber of people with positive results from n people tested, 
C1=1-Spe, and C2=Sen + Spe -1 (19). 

 
2. Converting the Adjusted Prevalences of the First 

Step to the Individual Data 
In the first step, the adjusted prevalence for the kit’s 

measurement error will be calculated using the crude 
prevalence, sensitivity, and specificity of the tests in each 
of the 16 subgroups for each province separately. Because 
the prevalence is a summary measure, the data must be 
individualized before weighting. For this purpose, in each 
of the 16 subgroups of each province, using the number of 
participants and the adjusted prevalence of that subgroup, 
the data will be simulated individually using a binomial 
distribution.  

 
3. Weighing the Individual Data of the Previous Step 

Based on the Sampling Design and Response Rate  
(A) Weighting to Obtain the Provincial Prevalence Es-

timates 
When calculating the provincial prevalence estimates, to 

correct the differences in the age-sex-urban/rural area dis-
tribution of the study sample, with their distribution in the 
population of each province and the effect of nonresponse, 
the following 2 weights will be used: 

1. The weight of correcting the differences in the age-
sex-urban/rural area distribution of the study sample, with 
their distribution in the population of the province: This 
weight is the inverse of the ratio of the number of samples 
determined for each age-sex-urban/rural categories by the 
population of that category in each province, based on the 
population projection for 2020 by the Statistics Center of 

Iran. 
2. The weight of responding: This weight will be used 

to correct the effect of nonresponse in the prevalence es-
timates. As the variables of age, sex, and urban/rural and 
the province of residence may be effective on participa-
tion in the study, the weight of responding will thus be 
obtained by dividing the number of determined samples 
by the number of the participants in each of the 16 age-
sex-urban/rural categories (inverse of the probability of 
responding). 

Multiplication of the 2 mentioned weights will be used 
to calculate the prevalence estimates in each province.  

 
(B) Weighting to Obtain the National Prevalence Esti-

mates 
In order to calculate the final corrected prevalence pro-

portions at the country level, it is necessary to consider the 
sampling design. Therefore, the sampling weight will be 
calculated by dividing the number of the population of 
each province by the sample size of that province. To cal-
culate the national prevalence estimates, this weight will 
also be multiplied by the previous 2 weights.  

 
Indirect Estimating of COVID-19 Incidence Rate 
The monthly incidence rate of COVID-19 could be es-

timated from data of 2 consecutive  Surveys (20). The 
approximate incidence rate (IR) based on the prevalence 
proportions of first and second surveys will be estimated 
with equation (3) (20); the 95 % UI of the monthly inci-
dence rates will be computed by the bootstrap method:  

 
2 1 1

1 1 2 2

2*( ( * ))
( ) ( )

pos s posIR
N pos N pos

−=
− + −                       (3) 

 s1: the proportion of the positive individuals from the first 
survey who survived until the second survey (s = survivor/ num-
ber of positive individuals of the first survey); 

pos: number of positive individuals at each survey; and 
N: total number of participants at each survey.  
 
Strengths and Limitations 
The ICS program surveys are the largest population-

based surveys in Iran that will be conducted nationally to 
estimate the minimum biased prevalence of COVID-19 
infection. The use of serological tests allows the diagnosis 
of infection in asymptomatic people and also in those with 
mild symptoms. Therefore, by conducting these surveys, a 
clearer picture of the prevalence of COVID-19 infection 
will be obtained in the country. Repeating the surveys will 
allow policymakers to observe changes in the magnitude 
of the infection over time. In this project, the frequency of 
the infection in the population of non-Iranian citizens (as a 
high-risk population) will also be determined and moni-
tored over time. We will also correct the measurement 
error of the laboratory kit used in the surveys. 

One of the limitations of this project is the use of the 
registered population in PHC electronic health record sys-
tems as a sampling framework. Despite the systems cov-
erage of over 90% of the population in many provinces of 
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the country, in some provinces such as Tehran, the cover-
age of the systems is about 80%. Fortunately, this cover-
age is being improved rapidly as the MOMHE implements 
other active surveillance programs for COVID-19. We 
will address this limitation to some extent through 
weighting during statistical analysis. Another limitation of 
our project is the effect of such factors as the severity of 
symptoms, interval from the onset of the infection, age, et 
cetera on the sensitivity and specificity of COVID-19 se-
rological tests. When estimating the sensitivity and speci-
ficity of the tests, we will try to use a sample that includes 
people with all modes of variables that affect the validity 
of the tests; and when analyzing the results, we will use 
the probability distribution of sensitivity and specificity to 
correct the tests measurement error. Another limitation of 
this project could be the low participation of people who 
were invited to the study. Efforts will be made to mini-
mize nonresponse by using the capacity of the PHC net-
works and the credibility of the health system among par-
ticipants as well as regular follow-ups and staff training. 
The possible nonresponse bias will be adjusted using 
weighting based on the inverse probability of responding. 

 
Conclusion 
The implementation of these surveys will provide a 

comprehensive and clear picture of the magnitude of 
COVID-19 infection and its trend over time for health 
policymakers at the national and subnational levels; in 
addition, it provides a suitable ground for evaluating the 
interventions and designing new interventions at local 
levels. 
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