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Abstract
Background: Mass screening for the coronavirus disease 2019 (COVID-19) began in Iran on March 23, 2020, with the purpose of 
improving early detection of patients for their own health and to prevent onward transmission to others. In this study, we evaluated 
the impact of the change towards mass screening on new cases reported, cases recovered, and deaths due to COVID-19.
Methods: This study analyzed the daily reports on the number of new cases confirmed by polymerase chain reaction (PCR) testing, 
cases recovered, and deaths due to COVID-19 provided to the Ministry of Health and Medical Education of Iran. Changes in trends 
on these outcomes were evaluated using interrupted time series analysis.
Results: From February 19 to May 6, 2020, a total of 519 544 COVID-19 tests were done and 101 650 diagnoses were made (case/
test ratio 19.6%). For the same period, 6418 deaths due to COVID-19 were reported (case fatality ratio 6.3%). The number of cases 
detected increased significantly over the period of scale-up of mass screening (P = 0.003), as did the number of recovered cases 
(P = 0.001). The number of deaths due to COVID-19 did not change before versus after mass screening.
Conclusion: Following the scale-up of mass screening for COVID-19 in Iran, the rate of new cases detected and reported recovered 
accelerated significantly. Mass screening is likely to have detected many mild and asymptomatic cases that were infectious. 
Our data support the role that mass screening, coupled with isolation and contract tracing, can have in slowing the COVID-19 
epidemic.
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic 
started at the end of 2019 in Wuhan, China, rapidly 
spread worldwide, and has affected all aspects of life. 
SARS-COV-2, the virus that causes COVID-19 disease, 
is arguably the world’s foremost health challenge at 
this moment. The virus has infected millions and 
killed hundreds of thousands of people in the span of 
a few months.1, 2 The disease has also hurt economies, 
produced great sadness for those who have lost loved 
ones, interrupted the education of children and young 
adults, and severely affected social relationships. Iran has 
been one of the most severely affected countries, with the 
highest number of reported infected cases and deaths in 

the East Mediterranean Region.3 Fortunately, the number 
of recovered cases has increased over time.1

Early detection, with isolation and contact tracing, 
are tools to slow the spread of infection for contagious 
diseases. These activities can reduce the basic reproductive 
number (R0) and effective reproductive number (Re) to 
drive new infections to zero. Mass screening can increase 
early detection through large-scale testing of persons in 
communities regardless of symptoms. Mass screening can 
identify otherwise undetected cases and has been applied 
to the control and mitigation other diseases.4-7 

Beginning on March 23, 2020, one month after the 
first confirmed case in the country, Iran adopted a mass 
screening strategy as a measure to better manage the 
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COVID-19 epidemic. The impact of this mass screening 
has not been previously investigated. This study, therefore, 
aims to assess the impact of mass screening on changing 
trends in the numbers of confirmed cases, cases who have 
recovered, and deaths due to COVID-19 using reported 
surveillance data and interrupted time series analysis.

Materials and Methods
Data
Outcome measures were cases reported daily to the 
Ministry of Health and Medical Education (MOHME) 
from February 19 through May 6, 2020. We modeled 
the number of reported COVID-19 cases confirmed by 
positive polymerase chain reaction (PCR) test, the number 
recovered from infection by 14 days after resolution of 
symptoms and a negative PCR test result, and the number 
of reported deaths due to COVID-19. These data are 
available to the public on the MOHME website8 and from 
the World Health Organization (WHO).3 

Mass Screening for COVID-19 
At the onset of the epidemic in Iran February 19, 2020, 
testing and surveillance for COVID-19 were passive, 
with cases reported from health centers where individuals 
were treated. After March 23, 2020, mass screening by 
COVID-19 PCR testing and CT scan of the chest was 
scaled up throughout the country. Case reporting thereafter 
occurred through several avenues, including completion 
of an online self-declaration form, health authorities 
making phone calls to people in the community, and 
contact tracing. People with symptoms of COVID-19 
were referred to the nearest designated center for further 
examination and diagnostic testing. In combination, these 
methods led to the screening of more than 70 million 
people, which is over 90% of the Iranian population.9

Interrupted Time Series Analysis 
Interrupted time series analysis was used to evaluate the 
effect of mass screening on reporting of three outcomes: 
confirmed cases, recovered cases, and deaths due to 
the COVID-19. The model includes four parameters. 
Parameter β0 represents the baseline level of the outcome 
at beginning of the epidemic (time = 0). Parameter β1 is 
the change in outcome associated with each unit of time 
(slope) for the pre-mass screening period. Parameter β2 is 
the level change in the outcome for the pre- versus post-
mass screening intervention. Parameter β3 indicates the 
change in trend (change in slope) of the outcome following 
the intervention (using the interaction between time and 
intervention level). Formula 1 below shows the model. 

Formula 1: outcome = β0+β1 (time)+ β2 (level)+ β3 (time x 
level) + ε

The correlation between time and outcome variables 

(confirmed cases, recovered cases, and deaths) was 
statistically significant (P = 0.001). Diagnostic plots were 
used to check linear assumptions. According to the plot 
of residuals versus fitted values, no pattern was detected; 
therefore, linear models were applied. We further examined 
the increase or decrease in observed cases, recovered cases, 
and deaths over the expected number in the first six 
weeks following mass screening. Before running the final 
model, the Durbin-Watson statistic was used to detect 
autocorrelation. The Durbin-Watson statistics in the 6th 
lag for confirmed cases, recovered cases, and deaths were 
1.53 (P = 0.19), 1.58 (P = 0.14) and 1.49 (P = 0.07), 
respectively. 

Results 
Through May 6, 2020, a total of 519 544 diagnostic 
COVID-19 PCR tests were performed in Iran. Overall, 
101 650 cases were confirmed (case/test ratio 19.6%). 
During this period, 81 578 confirmed cases recovered and 
6418 died (case fatality ratio 6.3%); 13 654 (13.4%) were 
hospitalized with unknown outcome.

Figure 1 and Table 1 describe the trends in confirmed 
COVID-19 case finding. From baseline (β0), case finding 
was significantly increasing over the period before the mass 
screening effort (β1 1141.5, 95% CI 822.2, 1460.8). After 
mass screening on 23 March, 2002, the level of case finding 
did not immediately change significantly (β2 -324.6, 95% 
CI -669.2, 19.9). However, case detection accelerated with 
the scale-up of mass testing thereafter (β3 663.2, 95% CI: 
230.8, 1095.6). 

Figure 2 shows the trends in reported cases recovered 
from COVID-19, with parameters reported in Table 1. 
The data indicate no significant change in the number of 
reported cases recovered at baseline, over time during the 
pre-mass screening period, or immediately following the 
mass screening period. The number of reported recovered 
cases accelerated significantly after mass screening (β3 
1626, 95% CI 1270.3, 1981.7). 

With respect to reported deaths due to COVID-19 
(Figure 3 and Table 1), the pre-mass screening period 
shows a significant increase in the rate of reported deaths 
over time (β1 109.7, 95% CI 90.3, 129.1). No significant 
change was seen in the number of reported deaths 
immediately pre- versus post-mass screening (β2 6.9, 95% 
CI, -12.7, 26.5). The number of deaths reported due to 
COVID-19 after mass screening decelerated, but not 
significantly (β3 -22.1, 95% CI -46.6, 2.4). 

Changes in the number and percentage of confirmed 
cases, recovered cases, and deaths were investigated at the 
end of six weeks after the mass screening (Table 2). As a 
differential from the expected (baseline or counterfactual), 
the observed results were an increase by 27.0% in 
confirmed cases, 85.4% in cases recovered, and a decrease 
of 13.4% in deaths. The case/fatality ratio of COVID-19 
before and after mass screening was 7.8% (95% CI 7.5, 
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8.2%) and 5.8% (95% CI 5.7, 6.0%), respectively.

Discussion
Our study provides empirical support to the potential 
impact that mass screening can have on slowing the 
COVID-19 epidemic. With scale-up of mass screening 
for COVID-19 in Iran, the number of cases detected 
and reported to the MOHME accelerated substantially 
compared to the baseline period of passive detection 
and reporting. Detecting the highest number of persons 
with infection as early as possible can guide and improve 
control efforts such as isolation, contact tracing, and 
targeting of further testing.5-7 A mass screening approach 
with isolation of cases may be the most effective means to 
control diseases for which there is no vaccine or effective 
treatment, such as COVID-19 at present. Testing patients 
regardless of symptoms also addresses transmission from 
asymptomatic persons.10 Mass screening, in conjunction 
with restricted movement and activities, was a strategy 

for COVID-19 control in Wuhan, China. The approach 
is believed to have prevented substantial transmission in 
the city and blunted secondary peaks11   In the United 
Kingdom, mass testing with isolation of cases projects 
substantial reduction in the prevalence of the disease over 
time.12 WHO guidelines currently encourage countries to 
improve case detection, implement contact tracing, isolate 
cases, and quarantine their close contacts.13

We also observed an acceleration in the reporting of cases 
recovered from COVID-19 following the scale-up of mass 
screening compared to baseline. Two explanations for this 
finding are possible. First, without mass screening, many 
COVID-19 cases, even those who were symptomatic, 
would have been undiagnosed and unreported. Therefore, 
their recovery from illness would also have been 
unreported. Second, mass screening would also diagnose 
mild and asymptomatic cases who would not have come 
to medical attention. Mass screening, which is performed 
at the community level, leads to identifying hidden, less 
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Figure 1. Cases with Confirmed COVID-19 in Iran before and after Mass Screening. Vertical line indicates the start of mass screening; dotted line indicates 
observed confirmed COVID-19 cases; dashed line indicates trend before mass screening; solid line indicates trend after mass screening.

Table 1. Interrupted Time Series Parameters to Evaluate Trends in Confirmed Cases, Recovered Cases, and Deaths Due to COVID-19 in Iran

Variable Coefficient (95% CI) P Value

Confirmed cases*

Intercept (β0) -1297.4 (-7623.7, 50.28.9) 0.7

Trend before mass screening (β1) 1141.5 (822.2, 1460.8) 0.001

Level change immediately pre- vs post- mass screening (β2) -324.6 (-669.2, 19.9) 0.07

Change in trend after mass screening (β3) 663.2 (230.8, 1095.6) 0.003

Recovered cases**

Intercept (β0) 19.3 (-4583.7, 4622.4) 0.99

Trend before mass screening (β1) 173.4 (-88.5, 435.3) 0.2

Level change immediately pre- vs post- mass screening (β2) -975.8 (-2156.3, 204.7) 0.11

Change in trend after mass screening (β3) 1626 (1270.3, 1981.7)) 0.001

Deaths***

Intercept (β0) -382.4 (-851.4, 86.6) 0.11

Trend before mass screening (β1) 109.7 (90.3, 129.1) 0.001

Level change immediately pre- vs post- mass screening (β2) 6.9 (-12.7, 26.5) 0.48

Change in trend after mass screening (β3) -22.1 (-46.6, 2.4) 0.08

*Adjusted R square 0.98; **Adjusted R square 0.99; ***Adjusted R square 0.99.
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severe cases of the disease.14 Tracking the number of cases 
recovered from COVID-19 may have implications for re-
opening of economic and social activities as we learn more 
about immunity to infection. Mass screening has been 
suggested as a key part of the pathway back to “normal 
life”, both for its ability to detect asymptomatic and mild 
cases and for identifying persons who may return to work.

We did not observe a significant increase in reported 
COVID-19-related deaths immediately after mass 
screening or accelerating over time. Although testing 
and diagnosis may influence completeness of reporting 
COVID-19 as a cause of death, the early diagnosis of mass 
screening did not appear to influence the ultimate course 
of the disease. The data did not suggest a change in the 
level of reported COVID-19 deaths immediately after 

mass screening. While there was a slight deceleration in 
the number of deaths in the post-mass screening period, 
this finding was not statistically significant.

We note indirect benefits of the mass screening program. 
In addition to identifying contagious cases with mild or 
no symptoms, the screening program provided training 
and educational opportunities. The program entailed 
health care workers reaching many persons by phone and 
in person. The contacted persons included many at high-
risk for severe complications of COVID-19 disease, such 
as the elderly and people with underlying diseases. These 
interactions presented opportunities to educate people on 
the measures to take to protect themselves and others from 
infection. Educational activities were also done in Wuhan, 
China to control COVID-19. Results there showed a 

Figure 2. Cases Recovered from COVID-19 in Iran before and after Mass Screening. Vertical line indicates the start of mass screening; dotted line indicates cases 
recovered from COVID-19; dashed line indicates trend before mass screening; solid line indicates trend after mass screening.

Figure 3. Deaths due to COVID-19 in Iran before and after Mass Screening. Vertical line indicates the start of mass screening; dotted line indicates deaths due 
to COVID-19; dashed line indicates trend before mass screening; solid line indicates trend after mass screening. 
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decrease in the number of severe cases and deaths and a 
reduction in the reproductive number (R) from 3 to 1.15 
Similar training of health care providers and the general 
population on preventive measures, building on the 
experience with SARS in 2003, may have contributed to 
Taiwan’s success against COVID-19.16

Limitations
We recognize that our data and analysis cannot prove 
that the mass screening measures caused reductions in 
the COVID-19. In addition to mass screening, with its 
accompanying education and training of individuals, 
other factors may have contributed. Closure of schools, 
universities, religious centers, and commercial areas, as 
well as implementation of social distancing are likely to 
have impacted the course of the COVID-19 epidemic in 
Iran.

Conclusion
Due to the fact that many with COVID-19 are 
asymptomatic, have mild symptoms, or do not come 
to medical attention yet still can transmit infection, 
it is imperative to identify these people to break the 
chains of transmission. Mass testing, with active case 
detection through contact tracing and isolation of cases, 
can ultimately help the country reduce morbidity and 
mortality due to COVID-19. The fact that new case 
detection and recovery accelerated over baseline while 
deaths did not, indicates that many persons with no or 
mild symptoms were detected as a result of mass testing. 
These persons may have otherwise never come to medical 
attention or implemented measures to protect others. The 
experience in Iran provides other countries with evidence 
of the potential role that mass testing may have on slowing 
their epidemic trajectories. 
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