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ABSTRACT

Background: In this study, we aimed to assess effectiveness of the major preventive measures to control of COVID-19 pandemic 
in six countries

Methods: Case numbers and intervention times of countries documented by the World Health Organization were used. A natural 
estimation plot (M0) was constructed for the initial period with no interventions. Estimation models (M1, 2, 3, etc.) to reach the 
threshold number of cases (5000 cases/day) were calculated for each intervention. The effectiveness of intervention was measured by 
the magnitude of displacement of its prediction plot to the right of the M0 plot.

Results: In the absence of interventions (M0 model), Turkey had the earliest threshold time (26.81 days), whereas France had 
the longest (58.72 days). Event-specific effect size was the largest for suspension of formal education in all countries, except for Italy 
(0.03). The effect size of closing the schools was the largest in Iran (16.52) and France (6.75) and the least in Spain (0.45) and Italy 
(0.03). Turkey (3.82) and the UK (6.07) had a medium effect size. The closure of workplaces had the largest effect size in the UK (4.27) 
and Italy (4.20). A recommendation to stay at home policy had the lowest impact in the UK (0.58). A second increase was noted in the 
case trend in Iran after lifting the containment measures. 

Conclusions: Major interventions are effective and should be adopted early to achieve a higher health impact; however 
premature easing of restrictions can lead to a loss in controlling the spread of pandemic.
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Introduction

In December 2019, the pandemic disease caused 
by severe acute respiratory syndrome-coronavirus 
2 (SARS-CoV-2), which started in Wuhan, Hubei 
Province of China and rapidly spread worldwide, 
was named as novel coronavirus-2019 (COVID-19). 
The disease manifests itself in a wide spectrum, 
from mild upper respiratory tract infection to severe 
respiratory failure and even death. The main route 
of transmission of COVID-19 is respiratory droplets 

with a high fatality rate, particularly for those aged 
≥65 years with comorbidities(1). Decision-makers of 
countries (governments) affected by the COVID-19 
outbreak have implemented a series of measures to 
protect their citizens from the pandemic(2-4). Some 
major public measures include the closure of the 
schools, workplaces, and factories, cancellation 
of group events and meetings, international and 
domestic travel restrictions, and curfew to decrease 
the population density, while minor individual 
surveillance measures such as isolation, use of 
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protective equipment (i.e., face masks), disinfection, 
promotion of hygiene, and social distancing 
are included in the pandemic guidelines(5). The 
type, scope, and timing of these measures vary 
depending on countries due to their high economic 
and social impact. Effectiveness of the measures 
taken for COVID-19 is analyzed according to the 
demographic characteristics of the countries (i.e., 
the age distribution of the population), economic and 
sociocultural status, the enforcement power of the 
regulations, and the time of pandemic’s entry into 
the country (i.e., public awareness is higher with late 
entry). Evaluation of the effectiveness of specific 
measures across different countries and comparison 
with each other may provide us valuable information 
on the timing, duration, and coverage of the various 
methods. This information may provide guidance on 
the implementation of such measures at the correct 
setting and time to provide the most effective results 
with minimal the cost, and also future planning and 
management of resources.

Epidemiological forecasting models are 
mathematical algorithms or parametric equations 
used to predict future trends by investigating the 
change in the number of cases over a period of 
time(6). A future forecasting model can be formulated 
for each measure taken by a country by examining 
the trend of cases up to a specific point in time. 
Consequently, the effect of each measure can be 
objectively and mathematically calculated.

The matrix laboratory (MATLAB) is a complex 
programming language that helps us in function and 
data plotting, algorithm implementation, graphical 
multi-domain simulation, and model-based design 
development(7). In the present study, we aimed 
to assess and compare the effectiveness of major 
governmental measures implemented for the control 
of the pandemic in six countries, including Turkey, 
Italy, Iran, Spain, France, and the United Kingdom 
(UK), with different geographical and socio-cultural 
communities using a MATLAB-based model design 
and to make a projection on how the process would 
proceed. This study aims to reveal the net contribution 
of each measure taken gradually at the beginning of 
the pandemic to the pandemic control. If this study 
had covered the later periods of the pandemic, 
it would be difficult to evaluate the independent 
contribution of each of them in pandemic control, as 
it would include many different measures together. 
In addition, it would not be possible to objectively 
evaluate the results due to the removal or loosening 
of some measures. 

Methods

Data collection and definition of events
This study was conducted between 20.01.2020 

and 29.04.2020. The COVID-19 data shared by six 
countries (Turkey, Italy, Iran, Spain, France, and 
UK) were retrieved from World Health Organization 
(WHO) online database(8). These data included the 
date of the first recorded case, number of daily cases 
and cumulative cases, the daily number of deaths, 
and cumulative deaths through April 29th, 2020for 
each country, the peak number of cases, and duration 
of peak (peak time). 

The major governmental actions taken in the 
countries were analyzed in the order of the date 
of the actions. Since the average incubation period 
of the disease is five to six days, the effect of each 
measure on the number of cases is expected to be 
apparent five or six days after its implementation(9). 
Therefore, an event was defined as any occurrence 
seen after six days of each intervention.

Analysis of estimation models for events
The time from the start date of the pandemic 

in a country to the first event (E1) was coded as a 
non-event (E0) period with no event effects. During 
this period, based on daily actual case number trend, 
the M0 model plot (natural plot) was created as a 
case prediction model with a curve-fitting estimation 
method. The M0 shows how the pandemic would 
progress if not intervened. In the second step, the 
time from the start of the pandemic to the second 
event (E2) was coded as the E1 period, as it contained 
E1. The M1 model plot was created for the E1 period. 
The same steps were applied to create a model plot 
for each event. Thus, each model reflects the effect of 
all events up to that model event. 

Finally, based on the daily actual case number 
trend for the entire pandemic period between the 
start and April 29, 2020, the case prediction model 
plot under the name of the Final Model (FM) for 
each country was extracted. It was assumed that the 
FM plot theoretically includes the combination of the 
effect of all events, including the last event. Then, to 
achieve standardization and to compare event effects 
objectively, the plot’s time of each model to reach the 
same threshold number (threshold) was used. The 
threshold value was established as 5,000 cases per 
day since all countries in this study were close to the 
peak number of cases.

In the measurement of the effect of the events 
corresponding to a model, the temporal deviation 
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time (days) between the point where the model plot 
cuts the threshold and the point where M0 cuts the 
threshold was used and named as the model effect 
size. The success of a model is assumed by the model 
plot’s positioning to M0 plot; the more a model plot 
is right from the M0 plot, the more successful the 
results can be achieved. The specific effect of an 
event was measured by the time (event-specific effect 
size) between the model of that event and the points 
where the previous event model cut the threshold. The 
longer this period, the more successful that event is 
and the date (date) to reach the threshold is delayed. 
The models, which do not reach the threshold point 
(5,000 cases/day) and remain below this value, 
were accepted as the ideal model. In addition to the 
estimation models of daily case trends, cumulative 
case and death number model graphs of the whole 
pandemic period of each country were produced.

The MATLAB version R2019a software 
(MathWorks Inc., Nattick, MA, USA) was used 
to analyze the data. The duration (days) of the 
event periods and the number of cases pertaining 
to these periods were defined as the vector data in 
the software. In the extraction of all models, the 
MATLAB curve-fitting tools were used to calculate 
the subsequent trends based on daily actual case 
number trends. Multiple linear and non-linear models 
(such as power, polynomial, exponential, Gaussian, 
and trigonometric models) were analyzed using 
this method. Among these models, the model with 
the highest R-square (R2) value and the lowest root 
mean squared error (RMSE), and residual sum of 
squares (SSE) values were chosen as the best model 
with 95% confidence interval (CI). The results of the 
analyses were transferred to the tables and graphics.

Assessment of results
In the no-intervention model (M0), which 

normally does not include any events, the number of 
cases is expected to increase rapidly and reach the 
threshold (threshold number of cases, 5,000 cases/
day) in a short time. The subsequent models which 
contain event effects should theoretically delay the 
date of reaching this threshold number of cases, that 
is, extend the time to reach this number of cases 
(effect size). In other words, the larger the model 
effect size of a model, the greater the effect of the 
events it contains. 

The number of daily cases remains below 5,000. 
Indeed, since the increase in the natural model is 
power or polynomial, a higher number of new cases 
should be prevented by the event every day. Since 

a model plot that is very close to M0 would not 
change the course of the natural phenomenon, the 
event intervention of that plot should be interpreted 
as ineffective or insufficient execution in the country. 
In addition, the M0 plottrailing very close to the 
peak points of the FM indicates delay or failure in 
interventions.

In accordance with this information, the 
effectiveness of the events was briefly evaluated 
according to the following parameters:

• The sooner the M0 plot reaches the threshold, 
the faster the pandemic would progress without an 
intervention; 

• The M0 plot trailing very close to the peak 
mean values of the FM indicates a delay or failure in 
interventions; 

• The plot to the left of the M0 plot or adjacent 
to it indicates the intervention has failed; 

• The distance of the model plots (M1, M2, 
M3, etc.) from the M0 plot at the threshold line 
gives the effect size in time and with more positive 
displacement on the X axis, the effect size and 
success of the model increase; 

• The further clockwise rotation of a model plot 
on the right of the M0 plot (even exceeding its peak), 
the more successful it is; 

• With more right positioning of the model plot 
with clockwise rotation,although it remains below 
the threshold number (5,000 cases/day) with respect 
to M0 plot, the model is considered ideal (very 
successful model).

Results

The pandemic preventive action, action date, 
event date, and event time for each country used in 
the model are summarized in Table 1. 

Pandemic findings
According to WHO database, the first case of 

COVAccording to WHO database, the first case of 
COVID-19 was reported in France, and the latest 
onset was seen in Turkey among the countries 
included in this study. 

Therefore, the period from the outset of the 
pandemic to the data collection date (April 29th, 
2020) was the longest (95 days) for France and was 
the shortest (50 days) for Turkey (Table 2). The time 
to reach the peak numbers was 72 days, 67 days, 62 
days, 41 days, 33 days, and 32 days for UK, France, 
Spain, Iran, Turkey, and Italy, respectively. 
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The peak daily number of cases for Spain, UK, 
France, Italy, Turkey, and Iran were 9,222, 8,719, 
7,500, 6,557, 5,138, and 3,186, respectively. The 
cumulative number of cases was 210,773 for Spain, 
201,505 for Italy, 161,149 for the UK, 114,653 for 
Turkey, and 92,584 for Iran. 

The cumulative number of deaths was 27,359 
for Italy, 28,822 for Spain, 23,627 for France, 21,678 
for the UK, 5,857 for Iran, and 2,992 for Turkey. 
The cumulative case fatality ratios (death/ number 
of cases) were 18.83% for France, 13.37% for Italy, 
13.45% for the UK, 10.68% for Spain, 6.34% for 
Iran, and 2.60% for Turkey. 

Model findings 
Forward, neutral plot estimation model was 

created using the daily number of cases (M0 plot) for 
each country, and specific formulas for every event 
model plot (Figure1) are given in Table 3. 

For easy interpretation of the models obtained 
in the study, Turkey model has been detailed 
(Figures 2-3). The timeline of events and their effect 
on the actual number of cases is shown in Figure 
2. Accordingly, a significant decrease was seen in 
the daily number of cases following each event. 
The relationship between the event time and the 
course of the actual death rate is shown in Figure 3. 

Table 1: Pandemic preventive action, action date, event date, and event time according to countries.
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Accordingly, there was a significant decrease in the 
number of daily deaths after each event. As seen in 
the daily case numbers graph (Figure 2), there were 
four major events and four event model graphics, 
as well as a threshold line showing 5,000 case/day. 
The time to reach the number of thresholds was 
calculated as 26.81 days in M0 model (red dots). The 
M1 model (red dot-dash) containing the E1 event 

effect was located just to the right of the M0 model 
at the point of intersection with the threshold line. 
The M1 effect size (bold green line) was the amount 
of time between M1 and M0 at the threshold level. 
The M1 effect size for Turkey was 3.82 days (E1). 
Accordingly, it indicated that the daily number of 
cases remained below 5,000 for at least 3.82 days. 
Indeed, as the M0 model power increased, more 

Table 2: COVID-19 properties of estimation models for countries.



2488   Mahsuk Taylan, Cengizhan Sezgi et Al

new cases were prevented. The M2 model (red dash) 
included both E1 and E2 event effects with a total of 
5.62 effect size. The M2-M1 effect size difference 
was a specific effect size for E2 (bold pink line) and 
measured as 1.80 days. After each event, the model 
curve approached the peak point, leading the M0 

model curve to evolve to the right as seen in the FM. 
As the FM of Turkey did not exceed the threshold, 
the effect size for that model was unable to be 
calculated. In our study, this model was interpreted 
as a successful and ideal model, similar to any 
other models which were successful enough to be 
below the threshold line. Chronologically, Italy and 
Turkey responded early with the implementation of 
major interventions (i.e., school closures, workplace 

Table 3: COVID19 event-related pandemic case estimation model equations for countries.

Figure 1: Event-related case estimation COVID-19 
pandemic model of countries.
Looking at the M0 plots, which show the estimated course 
without intervention, except Italy, it is seen that Turkey will reach 
the treshold (5000case/day) value the fastest, while France and 
England will reach the slowest. In Italy, in the M0 model, which 
shows the effect of the initial local measures, it is predicted 
that the cases will successfully progress horizontally below the 
treshold value. After each intervention, the trend curve of the 
model (M1, 2, 3) shifted slightly to the right compared to M0, 
reflecting the success of the interventions corresponding to the 
models. When we look at the final models in terms of a total effect 
of major interventions, staying below the treshold value in the 
models in Turkey, Iran and France means that the interventions 
under pandemic control until that time were successful in these 
countries.

Figure 2: Turkey’s event-related case COVID-19 
pandemic model.
In the real case course, it is seen that the number of cases per 
day has clearly decreased after each intervention (blue dotted 
line) in Turkey. In addition, it is seen that the estimated case 
plot after each intervention slows down the time to find the 
treshold value a little more and moves to the right of the M0 
estimated course plot, and the total effect of all interventions 
falls completely below the treshold value in the final model that 
predicts. The difference between the times to reach the treshold 
value between the two models shows the net effect of the added 
intervention as an effect size.
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closures, quarantine, and curfew) after the outset of 
the pandemic: Italy (E1 and E2 at outset) and Turkey 
(E1: Day 10), followed by France (E1: Day 55) and 
the UK (E1: Day 51) (Table 2).

In country models (Figure 1), the M0 model 
plots (natural plots) showed an eventless period 
for all countries, except for Italy where regional 
measures implemented before the first documented 
case contained E1 and E2. The M0 plot curve 
remained below the threshold number (5,000 cases/
day) in the Italy model, and the clockwise rotation 
(ideal model) was nearly close to the X (time) axis, 
which was interpreted in favor of a very successful 
effect. The duration of the M0 plot reaching 5,000 
cases was found to be the shortest in Turkey (26.81 
days) and the longest in France (58.72 days). The 
M0, the number of cases reaching in the natural plot 
curve of 5,000 case/day was 26.8 days for Turkey, 
29.84 for Italy, 40.82 days for Iran, 52.00 days for 
Spain, 58.68 days for France, and 58.69 days for the 
UK. The M1 plot was used for the natural plot where 
the case numbers climbed in Italy for a second time. 

The comparison of M1 and M0 revealed the highest 
effect size for Iran (16.52) and Turkey (3.82), while 
the effect size was the lowest for Italy (model failed, 
left of the M0plot), Spain (0.45), and the UK (0.58). 
Although Italy initially started with an ideal effect 
size using the M0 model (despite the E1, E2, E3 
interventions), the M1 model was first to exceed the 
threshold with 29.4 days ahead of Turkey. 

In the M2 models, the effect size was found to be 
highest for Iran (14.70) and France (9.17), the lowest 
for Italy (0.03), and moderate for the UK(6.65) and 
Turkey(3.82) In the M3 model, Turkey (5.82) had the 
highest effect size, while Italy (1.56) has the lowest 
effect size. Considering the FMs, the estimated event 
trend remained below the threshold for Turkey, Iran, 
and France and, therefore, their models were found 
to be successful (ideal model). In the remaining 
countries, the effect size was the highest in the UK 
(10.92) and the lowest in Spain (2.26). Italy had a 
moderate effect size (7.16). Different interventions 
had variable effect sizes in specific countries. Closure 
of schools had the largest effect size in all countries, 
except for Italy (0.03). The highest values were seen in 
Iran (16.52) and France (6.75), while the lowest values 
were seen in Spain (0.45) and Italy (0.03). These 
values were averaged for the UK (6.07) and Turkey 
(3.82). The highest values of the effects of workplace 
closures were seen in the UK (4.27) and Italy (4.20), 
while the lowest values were seen in Iran (-1.82; the 
negative value in Iran might be due to ineffective E2 
or reduced E1 effect) and Turkey (1.80). The effects 
of lockdown/curfew were the lowest (0.58) in the UK, 
where this practice was applied as a recommendation, 
but not a legal restriction, while France and Italy 
(initial local practice) had ideal values. The decision 
of quarantine for cities yielded an ideal value for 
Turkey, whereas this value was 1.63 for Italy.

Figure 3: Turkey’s event-related death COVID-19 
pandemic model.
This real case plot shows the decrease in the number of deaths 
after each intervention in Turkey.

Figure 5: Cumulative death COVID-19 pandemic model 
of countries.
Estimated cumulative death course graph overlapping the 
actual cumulative death course in countries (Cumulative Death 
Model Rsquare>0.99 for all countries).

Figure 4: Cumulative case COVID-19 pandemic model 
of countries.
Estimated cumulative case course graph overlapping the actual 
cumulative case course in countries (Cumulative Case Model 
Rsquare>0.99 for all countries).
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Table 4: COVID-19 daily/cumulative case and death model equations for countries.
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Discussion

In the present study, we assessed the 
effectiveness of major governmental measures 
implemented for the control of the pandemic in six 
countries worldwide. Our study results showed that 
the results of the estimation models we used were 
compatible with the actual course of the pandemic 
in the prespecified countries. We objectively 
demonstrated that the effects of prevention measures 
varied depending on each country

The M0 model (epidemic trend without a major 
intervention) analysis estimated that the country to 
reach the threshold (5,000 cases/day) number earliest 
was Turkey with 27. The spread of the epidemic 
in Turkey for the first two weeks was more rapid 
than any country, including Italy. The demographic 
structure of the country with a high youth rate, 
crowded family life, and traditional sociocultural 
practices with abundant interactions may be possible 
contributing factors. Countries which followed 
Turkey in the epidemic spread rate were Italy and 
Iran, where social interactions were considered to 
be more excessive in Italy among other European 
countries and similar between Iran and Turkey. This 
course was the slowest in France and the UK.

In the current study, Turkey ranked the 
first which took necessary measures against the 
COVID-19 outbreak. While the pandemic spread 
rate was higher than the other countries at the 
beginning of the outbreak, early action timings 
provided early pandemic control, although the event 
effect size values were average. In Turkey, daily case 
numbers increased rapidly by power at the outset of 
the pandemic, the trend turned into a polynomial 
increase later and, then, into a Gaussian trend (Figures 

2-3), resulting in a lower peak and cumulative case 
numbers, compared to the other countries. Although 
Italy, similar to Turkey, took early measures, the 
same effect could not be achieved, possibly due to the 
fact that major intervention coverage was regional 
initially and generalized at a later stage, when the 
pandemic achieved a considerable momentum or due 
to low compliance and enforcement. Other European 
countries experienced a low outbreak activity during 
the first month, which might be due to several minor 
preemptive actions taken by the governments or 
to the lifestyles of the individuals with less social 
interaction across generations, compared to the 
Eastern countries or elderly. Of note, Chinese and 
Italian experience may have increased awareness 
and adoption of personal protective measures. 
Cumulative trends showed that Spain, with similar 
social interaction practices to Italy, had an earlier 
and rapid increase in the case numbers, compared 
to the UK and France (Figures 4-5). The cumulative 
case and cumulative death curves of Italy after 
Day 21 and Spain after Day 49 were quite similar 
(Figures 4-5). Close placement of the M0 (natural 
plot) curve to the actual peak point in Spain implies 
a delay in interventions (Figure 1). The outbreak 
course was also delayed in France and the UK with a 
rapid increase in case numbers 40 to 50 days into the 
pandemic, similar to the increase in Spain (Figures 
3-4). The delay in major interventions in these 
European countries may have resulted in late slowing 
of the rate of pandemic spread and high cumulative 
number of cases and high peak daily case numbers 
in all of them (Figure 1). The models emphasize the 
need for rapid action without considering the initial 
limited number of patients. Timing of interventions 
in Iran was later than Turkey, but earlier than the 
European countries. The effect size of measures 
was the largest and cumulative case number was the 
lowest,indicating the efficacy of enforcement by the 
authoritarian governance.

In the literature, there are studies investigating 
the impact of school closures on pandemic 
control. In a study on the 2009 hemagglutinin type 
1-neuraminidase type 1 (H1N1) pandemic, school 
closure reduced transmission by 25%(10). In another 
study on influenza pandemics, a maximum benefit 
from a school closure was achieved, when less than 
2% of the students became infected, while there 
was a minimum benefit, when the infection rate was 
higher than 20%(11). The closure of schools during the 
2009 H1N1 pandemic in Texas, United States (US) 
reduced acute respiratory illness in children by 42 to 

Figure 6: Iran’s event-related case COVID-19 pandemic 
model. 
After the interventions were terminated (stop events 1 and 2), the 
real case number course (dotted line) in Iran deviation from the 
expected course plot (solid line) to rise above it.
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75%(12). In another study evaluating social distancing 
combined with school closure in Mexico, a dramatic 
decline in the number of daily cases was observed(13). 
In our study, we found that school closure among 
all measures had the maximum effect size value in 
all of the countries, except for Italy. A large student 
population and crowding such as in Turkey and Iran 
enhance natural spread in outbreaks. According to 
the Republic of Turkey, Ministry of Education, 
the number of students in primary and secondary 
education was 18 million, accounting for 18.82% of 
the total population in 2018-2019 school year(14). 

All formal education was six days after the first 
confirmed case in Turkey (E1).Although the schools 
were closed later in Iran, the effect size of school 
closure was found to be te highest (14.7).The M1 plot 
of this action in Iran deviated to the right of the FM 
peak value. Also, the school closure-related effect 
seemed to be strong in France (9.17) and UK (6.07). 
The school closure date in Turkey (E1) and regional 
school closure and cancelling of public gatherings 
in Northern Italy (E3) were similar (event time: 12 
vs. 10 days, respectively). A rapid rise in daily and 
cumulative case numbers in the initial 10 days of the 
pandemic in Turkey fell below the levels in Italy after 
this point (Figure 4). Despite implementation of the 
same measures in Italy, the results were not similar 
to Turkey which can be attributed to implementation 
of regional measures and/or difficulties in execution 
and spread to the whole country. Implementation 
of a strong action in early phase is vital to prevent 
spread of the disease and to keep the case numbers 
under control. In Turkey, the M1 (school closure) 
model scenario effect size was 3.82, which is 
about a four-day deviation at the threshold of the 
M0 model and the fact that it is very close to the 
actual peak (two-day distance) supports strength 
of the effect. Success of the action also depends 
on the executional capacity. In our study, the E2 
interventions, such as school closures in France and 
the UK, were strong enough to bring the natural M0 
curve closer to the peak point, whereas the FM effect 
size reaching only 2.26 level, while combining all 
the efforts including school closure, indicated that 
even these interventions may be insufficient after a 
certain momentum (Figure 1).

The closure of businesses and workplaces 
is an important major challenge in pandemic 
control. According to Organization for Economic 
Cooperation and Development (OECD) data, the 
ratio of the population of the working age is over 60% 
in most of the countries, including the six countries 

analyzed in our study(15). The workplaces are areas of 
intense social interaction with close contact. During 
a single influenza season, the attack rate was 15.5% 
among the workplaces in America(16). Accordingly, 
Centers for Disease Control and Prevention in the 
US recommends the closure of workplaces as one 
of the major precautions during a severe pandemic. 
Although this effect is less in Turkey (1.8), there is 
a clear advantage for early action. The M0 model 
remaining close to the peak for France showed that 
the country failed to take early actions; nevertheless 
,the closure of shopping venues was a necessary 
decision for France to hinder the spread of the 
disease, as seen in E1 (Figure 1).

The measures such as curfews and prohibition 
of public gatherings are strict measures during 
pandemics. It is recommended to carefully consider 
and justify restrictions on individual (patients 
and contacts), as well as collective freedom such 
as quarantine, lockdown, and curfew practices5. 
Mass gatherings or collective events such as 
concerts, festivals, and sports events pose a risk 
for a close contact over a considerable time(17). In a 
systematic review of respiratory disease outbreaks 
associated with mass gatherings in the US between 
2005 and 2014, 40 of 72 different outbreaks were 
found to be caused by fairs(18). Mass gatherings 
were suspended in the Northern Italy at the initial 
stages of the COVID-19 outbreak which yielded a 
maximal clockwise rotation on the model graph and 
showed a very favorable result. However, once the 
disease spread from the regional to countrywide, 
the pandemic was out of control. Curfew and social 
distancing for individuals aged ≥65 years and/or 
those with comorbidities in Turkey had a strong 
effect (E2), and the result can be seen as a rightward 
movement of this estimation plot (M2 plot), to 
intersect with the M0 plot at the actual peak (model 
effect size = 5.62). The action-specific effect size 
was 1.8.After the action (E4), including the curfew 
of individuals under the age of 20 years (final plot), 
the number of cases remained below the threshold 
(5,000 cases/day) (ideal model). 

In the UK, the effect size of this action is very 
low (0.58) which may be due to the implementation 
of this action as a recommendation, but not as a 
legal ban in the country. This finding indicates that 
states should act more resolutely and effectively in 
the form of prohibition,rather than recommendation, 
to achieve pandemic control. The specific effect 
size of the curfew is 2.11 in Spain, a country where 
the collective effect size was the least (2.6), and 
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that was peculiarly higher than the UK (Figure 1). 
Furthermore, restriction and ban of travel are one of 
the major measures. However, as with others, it is 
important to act early in this action. A study found 
that mass travels close to peak time (preceding 10 
days) caused a 10% increase in the peak prevalence, 
thereby, increasing the spread among families 
and region; however, this effect was very low in 
travels 40 days before the peak or 20 days after19. 
Transportation-related measures such as travel 
restrictions were implemented two weeks after the 
first case in Turkey (E3). The effect size of the M3 
model (5.82) seemed to be slightly higher than the 
M2 and close to peak. In the Iranian model, this 
effect was below the threshold number of cases 
(ideal effect). Considering the high effect of other 
measures, stronger action results were achieved in 
Iran with a low peak and a low cumulative case 
number, which can be attributed to the authoritarian 
approach adopted in execution. 

One of the most remarkable aspects of our 
study is the timing of easing or lifting major actions. 
Throughout the study, two governmental relaxation/
lift off decisions were made in Iran, which had the 
lowest number of cases in the pandemic (StopE1, 
StopE2). While the country-specific daily patient 
and death number trend fell successfully and 
rapidly down to the level of these “stop events”, 
the trend evolved again to a plateau and, then, 
increased thereafter (Figure 6). This very critical 
finding is specifically for Iran; however, in general, 
all countries showed that untimely and premature 
relaxation of the measures posed a great risk for 
pandemic control.

According to the analysis of the total impact 
of all actions hosted by the FMs, Iran, Turkey, and 
France had successful models where the number of 
daily cases remained below the threshold. Among 
the remaining country models, considering the effect 
sizes of FMs, the UK was more successful than the 
other countries. On the other hand, Spain had the 
least successful model and Italy was in between, in 
consistent with the cumulative number of cases. The 
estimated expected pandemic period was81 days for 
Turkey, 100 days for Iran, 109 days for Italy, 112 
days for Spain, 126 days for France, and 135 days 
for the UK, if the interventions were sustained in a 
healthy manner. 

When the effects of the measures taken for 
pandemic control evaluated on a country basis, 
Turkey showed a rapid increase in the early stages 
of the pandemic. However, early implementation of 

measures provided pandemic control with the lowest 
fatality rates. The low fatality rate can be attributed to 
the young population and good health infrastructure. 
Italy was the first country affected by the pandemic 
spread in Europe and regional measures, delay in 
major actions, and incompetence in implementation 
of the restrictions may have resulted in a low impact of 
control measures. Iran experienced a relatively early 
spread of COVID-19; however, it was successful 
due to early action and effective implementation. 
The high peak and cumulative patient numbers were 
related to delay in major actions and inadequate 
implementation of the measures (low effect size) in 
Spain. The effectiveness of the measures in the UK 
and France were similar and average. The fatality 
rate was high in all European countries, possibly due 
to the higher ratio of elderly population.

Nonetheless, there are some limitations to 
this study. The main limitation is that countries and 
communities implemented a variety of regional and 
general minor measures which we were unable to 
include in the analysis. Furthermore, the estimation 
models are theoretical mathematical models and are 
almost impossible to test (i.e., the probability of the 
M0 model scenario where there is no intervention is 
almost non-existent).

In conclusion, major measures which minimize 
social densities such as school closure, workplaces, 
and curfews with travel restrictions should be 
implemented both very early (with limited number 
of cases) and very effectively for pandemic control. 
Correct timing of relaxation and lift of major 
measures are of utmost importance. In addition to 
preventive measures to reduce the fatality rate, the 
health system infrastructures should be strengthened 
and prepared for subsequent pandemics in the future.
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