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Objectives: The objective of this study was to demonstrate the effects of community-based social distancing interventions after the
first coronavirus disease 2019 (COVID-19) case in Turkey on the course of the pandemic and to determine the number of prevented
cases.

Methods: In this ecological study, the interventions implemented in response to the first COVID-19 cases in Turkey were evaluated
and the effect of the interventions was demonstrated by calculating the effective reproduction number (R;) of severe acute respiratory
syndrome coro navirus 2 (SARS-CoV-2) when people complied with community-based social distancing rules.

Results: Google mobility scores decreased by an average of 36.33+22.41 points (range, 2.60 to 84.80) and a median of 43.80 points
(interquartile range [IQR], 24.90 to 50.25). The interventions caused the calculated R: to decrease to 1.88 (95% confidence interval, 1.87
to 1.89). The median growth rate was 19.90% (IQR, 10.90 to 53.90). A positive correlation was found between Google mobility data
and R; (r=0.783; p<0.001). The expected number of cases if the growth rate had not changed was predicted according to Google mo-
bility categories, and it was estimated to be 1381 922 in total. Thus, community-based interventions were estimated to have prevent-
ed 1299 593 people from being infected.

Conclusions: Community-based social distancing interventions significantly decreased the R; of COVID-19 by reducing human mobili-
ty, and thereby prevented many people from becoming infected. Another important result of this study is that it shows health policy-
makers that data on human mobility in the community obtained via mobile phones can be a guide for measures to be taken.
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INTRODUCTION

Analyses of pneumonia cases that occurred in the city of
Wuhan, China in December 2019 revealed the existence of a
novel type of coronavirus that causes illness in humans [1].
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Genetic studies conducted during the regional spread of the
virus, which was initially named the 2019 novel coronavirus
disease (2019-nCoV) by the World Health Organization (WHO)
before it was renamed as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), revealed that it has a 70-79% ge-
netic similarity to the severe acute respiratory syndrome coro-
navirus (SARS-CoV) that caused a serious outbreak in 2003
[2,3]. In a short period of time, Thailand and Japan, the region-
al neighbors of China, became the first other countries where
the disease was seen [4]. It eventually became clear that SARS-
CoV-2 is more infectious than SARS-CoV and the Middle East
respiratory syndrome coronavirus (MERS-CoV), but has a lower
fatality rate (3%) than those observed for SARS-CoV and MERS-
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CoV (10 and 379%, respectively), although the case fatality rate
has varied across countries [5]. Although studies on the source
of the disease found that SARS-CoV-2 is 96.2% similar to coro-
naviruses found in bats, supporting the hypothesis that its
original source was bats, it is not possible to speak clearly
about the source of the disease since the Wuhan seafood mar-
ket does not sell bats or bat meat [6,7].

This novel type of coronavirus with human-to-human trans-
mission has spread rapidly all over the world, and the WHO
declared coronavirus disease 2019 (COVID-19), the disease
caused by SARS-CoV-2, a global pandemic on March 11, 2020
[8,9]. Many countries have set the primary goal of reducing
the burden on the healthcare system by slowing down the ep-
idemic through public health interventions such as social iso-
lation, but few countries have accomplished this goal success-
fully [10,11]. After the first case of COVID-19 in Turkey was con-
firmed on March 11, 2020, it became one of the countries where
the epidemic spread most quickly in the world. As a result, a
series of rapid and effective measures were taken, such as flight
bans, closure of schools, postponements of sporting events,
curfew for those under 20 years and over 65 years of age, and
inter-provincial travel restrictions [12-14].

The basic reproduction number (Ro), which is one of the fun-
damental tools used for evaluating epidemics and the spread
of infectious diseases, simply shows the potential of the dis-
ease to spread in the community [15]. Likewise, the growth
rate (GR) shows the change in the number of new cases per
person over time in the course of an outbreak and is propor-
tional to Ro [16]. It is possible to evaluate the effect of social
isolation and prevention measures in the COVID-19 pandemic
by calculating Ro and the GR, which are used to evaluate inter-
ventions and measures taken during the pandemic period
[11,17]. Quantifying mobility using smartphones and global
positioning system is an opportunity brought by the digital
world that helps to show the effects of interventions imple-
mented during the pandemic period [18].

The aim of this study was to demonstrate the effect of com-
munity-based social distancing interventions after the first case
of COVID-19 in Turkey on the course of the pandemic and to
determine the number of prevented cases.

METHODS

In this ecological study, the interventions implemented in
response to the appearance of the first COVID-19 cases in Tur-
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key were evaluated and the effect of these interventions on
the course of the pandemic was demonstrated by calculating
the effective reproduction number (R;) of SARS-CoV-2 during
periods when people complied with the community-based
social distancing rules. According to Google mobility reports,
the epidemic period was separated into 3 periods, with 25%,
50% and 75% reductions in mobility, respectively, based on
the effects of social distancing interventions [18]. The level of
mobility was determined by the daily data reaching the corre-
sponding threshold at least twice within the specified period.

Google mobility datasets show how visits and the length of
stays at various places change compared to baseline. Google
calculates these changes using the same kind of aggregated
and anonymized data used to show popular times for places
in Google Maps. Changes for each day of the week were com-
pared to a baseline value, which was defined as the median
value for that day of the week during the 5-week period from
January 3, 2020 to February 6, 2020 [18].

The smartphone usage rate in Turkey is 89% among those
aged 16-64 years old and 84% of mobile-based web traffic ac-
counted for Android devices in January 2020 [19]. Therefore, it
is reasonable to interpret a decrease in smartphone mobility
as a proxy indicator of a decrease in interactions throughout
society. The daily number of new cases was taken from the
website that was created by the Ministry of Health of Turkey to
show the current guidelines for the COVID-19 pandemic and
the daily number of cases [20].

The GR shows the rate of increase in the number of active
cases, which is calculated by subtracting the total number of
deaths and cumulative recovered cases from the cumulative
number of total cases. Deaths refer to those who died due to
COVID-19, and recovered cases were defined as those who
were treated with COVID-19 and discharged from the hospital.
A constant decrease in the GR over time indicates that the epi-
demic is progressing in a controlled manner. The GR is calcu-
lated using the following formula: GR:=(Ar-Aw1)/Aw, where A is
the number of active cases, as defined above, and t indicates a
given day [21].

The projected number of cases in the study was calculated
according to the average GR seen during the periods of reduc-
tion in mobility, which was calculated using data from Google.
It was predicted how many cases would have be seen if the GR
in the previous period had continued.
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Statistical Analysis

The data obtained were evaluated using SPSS version 22.0
(IBM Corp., Armonk, NY, USA). For descriptive statistics, the num-
ber, percentage, mean * standard deviation (range), and me-
dian (interquartile range, IQR) were used. The correlation be-
tween Google mobility data and R: was tested by Spearman
correlation analysis. As the data were not normally distributed,
the Spearman rank correlation test was utilized to examine
correlations between variables. R version 3.6.3 (https://cran.r-
project.org/bin/windows/base/old/3.6.3/) was used to calcu-
late R-. In the statistical analysis, the exponential-growth R: cal-
culation method by Obadia et al. [22] was used when compar-
ing paired time points while, while the calculation method re-
ported by Cori et al. [23] was used for weekly R: calculations
from the last day backward. R: values were calculated as the
daily value corresponding to the 5-day moving average after
the first 100 cases, using a serial interval value of 7.5 days and

Social Distances and Spread of COVID-19

a standard deviation of 3.4 days [24]. The 5-day moving aver-
age was used to minimize effects such as changes in the num-
ber of tests, laboratory problems, and differences in the timing
of new case reports. The level of statistical significance was set
atp-value<0.05.

Ethics Statement

During pandemic period, ethical committees closed. How-
ever, this research approved by Turkish Ministry of Health (No.
2020-05-05T13_55_20).

RESULTS

Between March 11, 2020 and April 18, 2020, 82 329 cases
were diagnosed, 1890 people died, and 10 453 patients recov-
ered. In the same period, the Google mobility score decreased
by an average of 36.33122.41 points (range, 2.60 to 84.80) and

Date in 2020 Major events and interventions Case Death Recov- Goo_g!e R? GR (%)
ered  mobility

Mar 2 Closing of schools; Restriction of public events 1 - - 6.2 -

Mar 13 Extensive travel and transportation restrictions 5 - - 2.6 - 200.0

Mar 15 Closing crowded places temporary; The last group came from Umrah 18 - - -1.6 - 109.1
and was quarantined in dorms

Mar 16 Stopped community religious activities such as Friday prayers; Decided 47 1 - -14.4 - 187.0
to delay effective surgical and dental operations

Mar 17 The no. of countries with flight bans increased to 20 98 2 - -24.2 - 118.2

Mar 19 Sports leagues were delayed such as football, basketball, handball, 359 4 - -29.8 - 91.3
volleyball; The no. of COVID-19 test centers increased to 18

Mar 21 A lockdown was imposed for those over 65 y old; The no. of countries 947 21 - 4.4 - 57.1
with flight bans increased to 68; Restaurants were allowed to serve
only takeaway food.

Mar 22 Flexible working hours were implemented in public utilities 1236 30 - -36.2 - 358

Mar 24 The capacity of public transport decreased to 50%; Social distancing 1872 44 26 -43.2 7.3 22.9
was introduced between passengers

Mar 27 The sale of non-essential items at markets was forbidden; Stands were 5698 92 42 -50.6 6.8 53.9
organized at 3 m distances

Mar 28 Traveling among cities by bus or plane was subject to permission; 7402 108 70 -57.6 6.6 40.5
Foreign flights were stopped

Apr 1 An additional circular was issued for markets and entrances and exits 15679 277 333 -49.8 4.1 19.9
of markets were placed under control

Apr 4 A lockdown for those under 20 y old was implemented; Entry and exit 23 934 501 786 -60.2 25 14.3
bans were imposed for 30 metropolises; Mask-wearing was made
mandatory in workplaces and markets

Apr 10 Lockdown of all people in the country for 2 d as of 24:00. 47 029 1006 2423 -84.8 1.8 10.9

Apr18 Renewal of entry and exit bans for 30 metropolises 82 329 1890 10453 - 1.1 5.3

'Aaccording to major events and interventions during the coronavirus disease 2019 (COVID-19) pandemic period in Turkey.

ZR,was calculated using the method of Cori et al. [23].
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a median of 43.80 points (IQR, 24.90 to 50.25) (Figure 1). In- data on the number of cases, deaths, and recovered patients,

cluding interventions, the calculated R value was 1.88 (1.87 to the Google mobility data, and the distribution of R; and GR val-
1.89). The median GR was 19.90% (IQR, 10.90 to 53.90). A posi- ues in Turkey during the COVID-19 pandemic period when ac-

tive correlation was found between Google mobility scores tive interventions were implemented.
and R: values (r=0.783; p<0.001) (Figure 2). Table 1 presents R: values were calculated according to categories of decreas-
mmm Case mmmm Death = Google mobility GR (%)
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Figure 1. (A) Distribution of the number of cases, deaths, Google mobility data, and growth rate, (B) effective reproduction num-
ber values over time.
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es in the Google mobility data. A 25-50% decrease in mobility
caused the R: value to decrease to 7.86, a 50-75% decrease to
caused it to decrease to 1.82 and a >75% decrease caused the
R:to decrease to 0.88. If the GR had not changed, the expected
number of cases was predicted according to Google mobility
categories, and it was estimated to be 1381 922 in total. There-
fore, reduced mobility due to community-based interventions
prevented 1 299 593 people from being infected.

The number of cases and deaths, Google mobility scores, and
GR are shown in Figure 1, along with R; during the pandemic
period with major interventions.

DISCUSSION

The most important step in the fight against infectious dis-
eases is to break the chain of infection, and the methods used
to achieve this are to prevent transmission, to develop immu-
nity in susceptible individuals, and to destroy the infectious
agent [25]. In this context, personal hygiene, food hygiene,
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vaccination, isolation of sick individuals, and appropriate med-
ical management of sick individuals are known to be effective
methods for infections transmitted by droplets [25,26]. The
COVID-19 pandemic, which started in China, spread to affect
the entire world in a short period of time, as its R: was higher
than those of SARS and MERS, which caused previous pandem-
ics, and influenza [27,28]. The finding that SARS-CoV-2 can be
transmitted by asymptomatic individuals brought social isola-
tion to the forefront, and plans have been made to minimize
contact among individuals by isolating and quarantining peo-
ple at home and restricting the use of public areas [29,30].
Community-based isolation measures provide time for ar-
rangements and improvements to be made in the health sys-
tem in the course of the pandemic. In addition to the rapid
progression of COVID-19, the fact that it has a particularly ag-
gressive clinical course in individuals with advanced age and
chronic diseases has led to a rapid increase in utilization of in-
tensive care units and hospital beds; the resultant pressure on
hospitals’ capacities has heightened the importance of mea-
sures to extend the epidemic over time (sometimes referred to
as “flattening the curve”) as part of the fight against COVID-19
[11,31]. According to Ryu et al. [32], non-pharmaceutical mea-
sures were reported to reduce transmissibility by a maximum
of 33% without resorting to a strict lockdown strategy. In or-
der to control the epidemic, curfew restrictions are required
when contagiousness is increasing and the epidemic is out of
control. In addition, studies have shown that loosening social
distance measures is the largest factor that contributes to the
spread of COVID-19 becoming out of control. Religious activi-
ties and social activities of individuals in the same age group
have been found to be a common cause of outbreaks [33]. So-
cial isolation measures are especially important in countries
such as Korea and Turkey, where social gatherings are fre-

- GR (%)
Google mobility decrease
(dates in 2020) <25 25-50 50-75 >75 Total
(Mar 11-Mar 19) (Mar 20-Mar 28)  (Mar 29-Apr 11) (Apr 12-Apr 18) (Apr 11-Apr 18)
R:(95% CI)* 7.86(7.40, 8.34) 1.82(1.78, 1.84) 0.88(0.84, 0.93) 1.88(1.87, 1.89)
Mean (%) 126.98 (83.54, 170.43) 43.35(28.03,58.67) 15.65(12.85,18.44)  7.15(5.77,8.54)  39.95(24.34, 55.56)
Total cases 359 7043 44765 30162 82 329
Expected case no. if GR had not changed 42 043 316 457 75379 272 043 1381922
Prevented case no. based on decreasing GR 41684 309414 706614 241 881 1299593

Cl, confidence interval.
'Predicted number of expected and prevented cases due to change in GR.
2R was calculated using the method of Obadia et al. [22)].



Hasan Durmus, et al.

quent.

With the quarantine of Wuhan in China and travel restric-
tions, sick individuals have been prevented from traveling to
remote areas, with a major effect on preventing the spread of
the disease [34]. As in the influenza pandemic, closure of schools
in the COVID-19 pandemic is an early intervention that has ef-
fectively reduced the transmission of infection [35,36]. How-
ever, it is estimated that such measures may reduce the avail-
ability of health personnel if healthcare professionals are re-
quired to stay at home to provide child care, potentially incre-
asing the mortality risk of COVID-19 patients [35,37]. Travel re-
strictions and cessation of flights were among the first mea-
sures taken by Turkey, and accordingly, as a result of these in-
terventions based on quick decision-making, human mobility
rapidly declined (Figure 1). As mobility decreased by 50-75%,
the R: value decreased from 7.52 to 1.82, with measures taken
for crowded places, such as inter-provincial travel centers, mar-
kets and marketplaces, as well as a curfew for individuals un-
der the age of 20. Although the initial R: value for Turkey ap-
peared to be 7.52 based on calculations using the daily num-
ber of cases, the reason for this high value is thought to be the
addition of new cases detected during screening since Turkey
brought thousands of citizens from abroad and quarantined
them, as well as the multicenter emergence of the pandemic
[14]. Moreover, European countries such as Italy, France, Ger-
many, and Spain reached their first 100 cases within 23-36 days,
while Turkey reached this number in only 7 days. R: decreased
very rapidly after the first 10 days due to the isolation of citi-
zens returning from abroad. Further analyses of this rapid in-
crease in cases in Turkey with prospective studies and research
into the causes for this increase will contribute to the explana-
tion of the pandemic period. The reason for the difference in R
values between Figure 1 and Table 2 that different methods
were used. Table 2 shows time periods of decreasing Google
mobility scores, so we used the method of Obadia et al. [22] to
describe the R; values during these time periods. Figure 1 shows
continuous R: values, so the method developed by Cori et al.
[23] was used.

The major limitations of this study are that the evaluation of
the course of the COVID-19 pandemic in Turkey was conduct-
ed using daily data presented by the Ministry of Health, and
the number of positive cases among citizens coming from abroad,
as well as whether the pandemic emerged from a single cen-
ter or multiple centers independently of each other, could not
be evaluated due to a lack of information.
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A major limitation caused by the study design is that it pres-
ents correlations of the decline in R: with a single factor. How-
ever, although community-based interventions in Turkey were
important, the role of ease of access to the healthcare system,
COVID-19 management teams, and effective use of personnel
at every stage of the healthcare system, including primary and
secondary care, in pandemic control cannot be ignored [14].
Increasing the test capacity in Turkey to identify sick individu-
als as part of pandemic control, and rigorously detecting and
isolating contacts may have also been effective contributors
to the decrease in R..

The societal adoption of the use of face masks and more
regular hand hygiene will also reduce the spread of COVID-19
[38,39]. However, during the period of this study, Turkey en-
forced the use of masks in only a few limited areas, such as in-
door areas and supermarkets [14]. The sharp decrease in mo-
bility and high adaptation to social distancing reduced the im-
pact of factors such as masks and hand hygiene on R..

In conclusion, this study demonstrates the correlation of
community-based social distancing with R: using a measur-
able parameter. The evaluation of Google mobility scores alone
as an index of social distancing is the main limitation of this
study. However, the data obtained will form the basis for fu-
ture studies. Interventions for reducing community-based so-
cial distancing significantly decreased the R: of COVID-19 as a
result of decreasing human mobility and prevented many peo-
ple from getting infected. Public health researchers should be
more willing to evaluate digital data in future studies. Thus,
determining the relationship of mobility data with other infec-
tious diseases in future research will provide further insights
into whether digital data are effective for monitoring the re-
sponse to an epidemic. Another important result of the study
is that it shows health policy-makers that data on human mo-
bility in the community obtained via mobile phones can be a
guide for measures to be taken.
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