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Abstract

Background: Reliable estimation of prevalence is important for monitoring and evaluation of COVID-19 prevention
programmes among at-risk populations.

Aims: We compared the capture-recapture method with a seroprevalence survey for accurate estimation of the prevalence
of COVID-19 during a 1-year period in Guilan Province, northern Islamic Republic of Iran.

Methods: We used the capture-recapture method to estimate the prevalence of COVID-19. Records from the primary
care registry system and the Medical Care Monitoring Center were compared, using 4 matching approaches based on
combinations of the following variables: name, age, gender, date of death, positive or negative cases, and alive or dead
cases.

Results: The estimated prevalence of COVID-19 in the study population from the beginning of the pandemic in February
2020 until the end of January 2021 was 16.2-19.8%, depending on the matching approach used, which was lower than in
previous studies.

Conclusion: The capture-recapture method may provide better accuracy than seroprevalence surveys in measuring
the prevalence of COVID-19. This method may also reduce the bias in the estimation of prevalence and correct the
misconception of policymakers about seroprevalence survey results.
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In this study, we used the capture-recapture method
to analyse the data from overlapping lists of cases from 2
sources to generate estimates of missing cases in Guilan
Province from February 2020 to February 2021.

Introduction

A novel coronavirus pneumonia caused by SARS-CoV-2
was identified in Wuhan, China in December 2019 (1-3).
On 3 February 2020, there were simultaneous outbreaks
of viral pneumonia in Guilan Province in northern
Islamic Republic of Iran and other provinces, and the
infection spread rapidly throughout the country. On
10 February, the disease had spread into more than 212
countries around the world, with more than 103 million

Methods
Study area and population

The study was based on annual outpatient and inpatient

cases (4). On 11 February, the World Health Organization
named the new disease COVID-19.

Estimations of COVID-19 prevalence are useful in
predicting epidemic trends that can help policy-makers
with informed decision-making. Since its inception,
researchers have used models to estimate the size and
trends of the COVID-19 pandemic. However, to date, the
seroprevalence of SARS-CoV-2 infection has not been
fully assessed (5). The capture-recapture method has
been applied in epidemiological and surveillance studies
to correct under-ascertainment in epidemiological
surveillance (6-8).

data from Guilan Province reported in the Primary Care
Registry and Medical Care Monitoring Center. Guilan is
located in northern Islamic Republic of Iran and has about
2 530 657 inhabitants, and is one of the main destinations
for tourists. Denominators were determined using
population data obtained from the Statistical Center
of Iran. The Iranian Ministry of Health and Medical
Education established the Primary Care Registry and
Medical Care Monitoring Center in early 2020 to register
COVID-19 infection across the country. These 2 registries
are comprehensive sources of data on COVID-19 that
enhance the use of capture-recapture methods to provide
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a clear estimate of the prevalence of COVID-19 cases in
northern Islamic Republic of Iran. Records included
in the Medical Care Monitoring Center are based on
information from inpatient and outpatient facilities,
and emergency medical services. Positive or negative
reverse transcription-polymerase chain reaction (RT-
PCR) results for SARS-CoV-2 in COVID-19 cases were
often included in the reports prepared by the emergency
departments of hospitals and outpatient facilities. The
Primary Care Registry is managed by the Ministry of
Health and Medical Education, and is currently used
across the country. Records for this surveillance system
are generated using information from outpatients and
inpatients, and for COVID-19 cases, a positive or negative
result for SARS-COV-2 by RT-PCR. Quality control on
COVID-19 data gathered by both registries is conducted
at district level by frequent checking of the records by
trained health officers in each district; at the provincial
level by programme managers; and at the national level
by employees in the Ministry of Health.

Capture-recapture method

COVID-19 cases were first identified or captured using
Medical Care Monitoring Center records, and then
recaptured using Primary Care Registry records. This
method was based on matching 2 independent data
sources to arrive at an overall estimation. Capture-
recapture methods that use results from more than 1
surveillance source can provide more reliable estimates
of communicable and noncommunicable diseases.
Another potential use of this method is the refinement
of prevalence estimates of population-based studies.
For application of the capture-recapture method, 4
assumptions must be considered that underpin the 2 data
sources (9). Firstly, 2 comprehensive datasets in a closed
population (constant population during the study period)
must be used. The chance of being referred to either
database must be equal, and datasets must be relatively
independent and do not refer cases to each other. Cases
must be matched confidently and accurately between
sources (10). Ascertainment rates in active surveillance
systems, such as population-based registries, are
acknowledged to be better than those obtained with
passive surveillance systems (11,12).

In the current study, records from both databases were
merged into a single file using Excel 2019, and sorted for

cases that were reported in both systems, using multiple
screenings. For the first matching exercise, 6 variables
were used for matching records: name, age, gender, date
of death, positive or negative cases, and alive or dead
cases. The strategy adopted for subsequent matching
exercises used 4 separate matching approaches, A-D.
Each of the approaches required matching of the 6
variables. Approach A required 6 matching variables in
order to consider that the records from both systems
identified the same cases. During subsequent matching
with approaches B-D, the number of required matching
variables was progressively reduced. In the final approach
D, only 3 variables were required: gender, positive or
negative cases, and dead or alive cases.

An estimation of the total number of cases including
the missing cases was derived using the simplest form
of a 2-sample capture-recapture model developed by
the researchers (13,14). Thus, COVID-19 prevalence rates
and 95% confidence interval (CI) were calculated by the
estimated total number of COVID-19 cases (N) using the
following formula: N = [(S1+1) x (S2+1)/ (C+1)]-1

where S1 represented the number of records in the
Primary Care Registry and S2 the number of records
in the Medical Care Monitoring Center. The overlap
between these samples was named C, which represented
those common to both sources.

Variance N = [(S1+1) (S2 +1)(S1 - C) (S2 + C)/(C + 1)* (C + 2)]

95% CI = n + 1.96+/ var(n)

The (prevalence) infection rate per 100 000 population
was calculated by dividing the number of cases (N) by
the population of Guilan Province (based on Statistical
Center of Iran) (15).

Results

The capture-recapture method using approach D
identified 110 477 COVID-19 cases in the Primary Care
Registry data, resulting in an infection rate of 4315 per
100 ooopopulation(Table1). The Medical Care Monitoring
Center database identified 34 833 COVID-19 cases, leading
to an infection rate of 1360 per 100 000 population. There
were no significant differences between the variables
describing demographic characteristics of the cases
recorded in both surveillance systems. There were 9475

Table 1 COVID-19 cases recorded by Primary Care Registry and Medical Care Monitoring Center in northern Islamic Republic of

Iran using standard approach D

Overlap

Aggregate numbers Ascertainment-corrected

COVID-19 cases Primary Care Medical Care
Registry Monitoring Center

All cases (confirmed and 110 477 34 833

suspected)

Infection rate per 100 000 4315 1360

Estimated degree of
ascertainment (%) 27.2 8.5

cases (nonoverlap) estimate (95% CI)

9475 135 835 406162 95% CI
(404 053-408 271)

16.2% (16.1-16.3%)

370 5306 15 865 (15 783-15 948)

2.3 33.4 100

CI = confidence interval.
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cases common to both datasets. Application of the method
described in this study indicated an estimated total of
406162 COVID-19 cases, corresponding to an infection
rate of 15865 per 100 000 population (95% CI: 15783~
15 948). By combining these 2 datasets and ignoring
the overlapping cases, we identified an aggregate of
135 835 cases, or 33.4% ascertainment-corrected rate for
COVID-19 in the population. The different matching
approaches and the more relaxed matching criteria of
approach D (Table 1) yielded an estimated prevalence of
16.2%. The more restrictive approach A (Table 2) resulted
in a larger estimated prevalence of 19.8%.

Discussion

COVID-19 is a global public health crisis, therefore, there
is a need to monitor and estimate its prevalence for
effective infection control and management. Different
statistical models, such as the seroprevalence method,
have been used for estimation of COVID-19 prevalence
since February 2020 (15-17). To our knowledge, this is
the first study based on an official dataset for prediction
of COVID-19 prevalence using the capture-recapture
method, over a 1-year period after the onset of the
pandemic in low- and middle-income countries. Our
analysis demonstrated that the estimated prevalence of
COVID-19 in the study population, from the beginning of
the pandemic in February 2020 to February 2021, ranged
from 16.2% t0 19.8% depending on the matching approach
used.

Shakiba et al. assessed the seropositivity of COVID-19
in Guilan Province using a population-based cluster
random sampling method with a design effect of
1.24 among 198 households and using rapid test kits
(VivaDiag COVID-19 IgM/IgG) (16). They reported
prevalence of 33% for COVID-19 from February to April
2020 and estimated that between 518 0ooo and 777 000
people had been infected. Poustchi et al. determined
the seropositivity of COVID-19 in 18 Iranian cities
using population-based cluster random sampling of
244 samples and PishtazTeb SARS-CoV2 ELIZA kits
approved by the Iranian Food and Drug Administration
(17). They reported a prevalence of 72.6% (53.9-92.8%) for
COVID-19 from February to 2 June 2020 in Rasht City
(capital of Guilan Province). It is important to mention
that many researchers and participants were involved in

both studies. The estimated prevalence of both studies
was higher than that of our study. There are a number
of possible explanations for the higher prevalence in the
studies by Shakiba et al. (16) and Poustchi et al. (17): design
effect, statistical error, and high sensitivity and specificity
of the test kit in the former study, and high uncertainty of
sampling, problems in calculating the design effect, and
lack of clustering control in estimating sampling error in
the latter study. Similar issues were reported by Cassaniti
et al. (18).

Khalagi et al. described the prevalence of COVID-19
among the general Iranian population using stratified
random sampling of 858 samples from February to 20
August 2020 (19). They used the PishtazTeb SARS-CoV2
ELIZA kits and reported 8% (5-12.5%) prevalence for
COVID-19. This under-reporting and discrepancy with
our study may contribute to under-estimation of the
number of infected people with negative serological test
results, which will increase as the pandemic continues.
The higher prevalence of 16.2% reported in our study
was probably because the capture-recapture analysis
was based on valid and reliable data. The Medical Care
Monitoring Center is the most reliable source of inpatient
hospital data in the Islamic Republic of Iran. The Primary
Care Registry uses outpatient primary healthcare data,
and there is weekly quality control of records by The
Ministry of Health and Medical Education at the national
and provincial levels. Therefore, optimal data sources
with a high rate of variable completion were used in our
study. However, the validity of our results could have
been improved by greater overlap across sources.

There were several assumptions with regard to the
4 criteria for appropriate 2-source capture-recapture
analyses listed under the capture-recapture method.
The first assumption was that all capture and recapture
samples were chosen for the same 1-year period. The
second assumption was that records for both surveillance
systems were gathered by separate reporting sources.
However, if there was a large overlap between sources,
then this would have resulted in an underestimation
of prevalence (data sources were positively dependent).
Conversely, if there was little overlap between the
sources (data sources were negatively dependent), then
an overestimation of the prevalence would have resulted.
The estimated prevalence of COVID-19 was 16.2-19.8%
and the overlap between the sources was 2.3%, meaning

Table 2 COVID-19 cases recorded by Primary Care Registry and Medical Care Monitoring Center systems in northern Iran using

Overlap Aggregate numbers Ascertainment-corrected

cases (nonoverlap) estimate (95% CI)

standard approach A
COVID-19 cases Primary Care Medical Care
Registry Monitoring Center
All cases (confirmed and 110 477 34 833
suspected )
Infection rate per 100 000 4419 1393

Estimated degree of
ascertainment (%) 22.3 7

7773 137 537 495000 95% CI
(485 000-502 500)
19.8% (19.4-20.1%)
311 5501 19 800 (19 400-20 100)
15 27.7 100

CI = confidence interval.
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Figure 1 Five different standards for matching between Primary Care Registry and Medical Care Monitoring Center data

Standard Age Gender Positive cases Negative cases Date of death Dead cases Live cases
A B B B B B X X

B B B B B X X

c X B B B B

D B B X X

E X B B
that there may have been an overestimation. The third Conclusion

assumption was that the Medical Care Monitoring Center

) ) The ongoing COVID-19 pandemic requires simple and
data focused on inpatient COVID-19 cases and may have

accurate techniques such as capture-recapture to achieve

been captured first by the Primary Care Registry because better estimates of prevalence. The method described in
both registries were present in each district of the study this study can be easily replicated in most settings, even
area. The final assumption was that the capture history of using the less restrictive matching criteria. The estimated
all cases was accurate. COVID-19 prevalence in our study was lower than that

reported by seroprevalence methods. The prevalence

A limitation of the study was that the Medical Care measured by the seroprevalence method was likely to

Monitoring Center only focused on inpatients and be higher than that based on official COVID-19 case
included an insufficient number of outpatient cases. numbers in the study area. Despite the large uninfected
We confirm that the records captured by each of these population in the study area and the increasing number
official sources were accurately recorded. The capture- of daily confirmed and suspected COVID-19 cases, the
recapture method requires that record matching must results of this study can correct the misunderstanding
be performed appropriately. In this study, we used a of policy-makers about the results of seroprevalence
combination of exact matching with relaxed matching SUIVeys.

approaches, using key variables from records of both Funding: None

sources to perform the matching. Competing interests: None declared.

Comparaison de la méthode de capture-recapture et de 'enquéte de séroprévalence
pour l'estimation de la prévalence de la COVID-19 en République islamique d'Iran

Résume

Contexte : Une estimation fiable de la prévalence est importante pour le suivi et l'évaluation des programmes de
prévention de la COVID-19 au sein des populations a risque.

Objectifs : Nous avons comparé la méthode de capture-recapture avec une enquéte de séroprévalence visant a obtenir
une estimation précise de la prévalence de la COVID-19 sur une période d'un an dans la province de Guilan, au nord
de la République islamique d'Iran.

Méthodes: Nous avons utilisé la méthode de capture-recapture pour estimer la prévalence de la COVID-19. Les
dossiers du systéme de registre des soins de santé primaires et du Medical Care Monitoring Center (Centre de suivi
des soins médicaux) ont été comparés a l'aide de quatre approches d'appariement basées sur des combinaisons des
variables suivantes : nom, age, genre, date de déces, cas positifs ou négatifs et cas vivants ou morts.

Résultats: Selon l'approche d'appariement utilisée, la prévalence estimée de la COVID-19 dans la population de
I'étude depuis le début de la pandémie en février 2020 jusqu'a la fin de janvier 2021 était comprise entre 16,2 % et
19,8 %, soit un niveau inférieur a celui des études précédentes.

Conclusion: La méthode de capture-recapture pourrait fournir une meilleure précision que les enquétes de
séroprévalence pour mesurer la prévalence de la COVID-19. Elle pourrait également permettre de réduire le biais dans
l'estimation de la prévalence et de corriger I'idée erronée que se font les responsables de I'élaboration des politiques
des résultats des enquétes de séroprévalence.
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