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ABSTRACT Obijective: Coronavirus disease-2019 (COVID-19),
which caused a big outbreak, was first detected in Wuhan, China on
31% of December, 2019, and began to spread all over the world rap-
idly. The first case in Turkey was detected on the 11™ of March,
2020. This study aims to calculate time-dependent (TD) reproduc-
tion number (Rt) using three different serial interval values in the
late phase of the COVID-19 pandemic for Turkey. Material and
Methods: TD model was used for estimation of reproduction num-
ber. For the serial interval of the coronavirus, the serial interval
values of 4+2.5 and 643 days were used together with the severe
acute respiratory syndrome and Middle East respiratory syndrome
serial interval mean of 8+3.6. Gamma distribution was used for
serial interval estimates. The bootstrap method with 1,000 simula-
tions was used for all reproduction number confidence interval es-
timates. Results: Using 8+3.6, 6+3 and 4+2.5 serial interval values,
the mean reproduction number (Rt) calculated for Turkey with the
TD model was 2.06 (1.92-2.21), 1.70 (1.58-1.81), and 1.39 (1.30-
1.48), respectively. The confidence intervals of the reproduction
number values calculated for Turkey range from 1.30 (lowest) to
2.21 (highest). Conclusion: According to the TD model results,
from the first day when the pandemic started in Turkey to the 32"
(11" of April 2020) and 33" (12" of April 2020) days, the Rt value
decreased below 1 and the outbreak started to demonstrate a break-
ing point. Lower Rt in Turkey compared to the other epicenters of
the world may indicate that Turkey was quicker in implementing
preventive measures much earlier than the other countries.
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OZET Amag: Biiyiik bir salgina neden olan koronaviriis hastaligi-
2019 [coronavirus disease-2019 (COVID-19)], ilk olarak 31 Aralik
2019’da Cin’in Wuhan sehrinde ortaya ¢ikt1 ve hizli bir sekilde tiim
diinyaya yayilmaya basladi. Tirkiye’de ilk vaka 11 Mart 2020°de
tespit edildi. Bu ¢alisma, Tiirkiye icin COVID-19 salgininin geg
evresinde 3 farkli seri aralik senaryosu kullanarak, zamana bagl
[time dependent (TD)] bulastirma katsayisini (Rt) hesaplamayi
amaglamaktadir. Gere¢ ve Yontemler: Bulastirma katsayisinin
tahmini i¢in TD model kullanilmistir. Koronaviriisiin seri aralig
icin siddetli akut solunum sendromu ve Orta Dogu solunum send-
romu seri araligl ortalamasi (8+3,6 giin) ile birlikte 4+2,5 ve 6+3
giinliik seri aralik degerleri kullanilmistir. Seri aralik tahmini igin
Gamma dagilimi kullanilmistir. Bulastirma katsayilarinin giiven
aralig1 tahminleri i¢in 1.000 benzetim ile Bootstrap yontemi kul-
lanilmigtir. Bulgular: TD modeli ile Tirkiye igin 8+3,6, 6+3 ve
4+2,5 seri aralik degerleri kullanilarak hesaplanan ortalama bu-
lagtirma katsayilari (Rt) sirasiyla 2,06 (1,92-2,21), 1,70 (1,58-
1,81) ve 1,39 (1,30-1,48) olarak bulunmustur. Tiirkiye igin hesap-
lanan bulastirma katsayis: giiven araliklarinin 1,30 (en diisiik) ile
2,21 (en yiiksek) arasinda degistigi belirlenmistir. Sonu¢: TD
modeli sonuglarina gore Tiirkiye’de salginin basladig: ilk giinden
sonra 32 (11 Nisan 2020) ve 33. (12 Nisan 2020) giinlerde Rt dege-
rinin ilk kez 1’in altina diistiigii ve salginin kirilmaya basladig be-
lirlenmistir. Rt degerinin diger iilkelere gore daha diisiik olmasinda
diger bircok tilkeden 6nce alinan onlemlerin etkili oldugu distinil-
mektedir.
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Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) belonging to B-coronavirus type of
Coronaviridae family resembles the SARS-CoV virus due to high-levels of nucleotide similarities in their
genomes.2 Coronaviruses (CoV) are generally composed of a big virus family that causes human infections
such as SARS-CoV and Middle East respiratory syndrome-coronavirus (MERS-CoV). Studies conducted
recently have shown that these types of coronaviruses were caused by bats.! The SARS-CoV-2 virus was
named as the 2019 Novel Coronavirus (COVID-19) by the World Health Organization (WHO).2 COVID-19
causes typical pneumonia conditions. Causing a big outbreak, COVID-19 was first detected in Wuhan,
China on 31% of December, 2019, and began to spread all over the world rapidly.2 The WHO declared “pan-
demic” on the 11" of March 2020, and the first case in Turkey was detected on the 11" of March, 2020.2

The pandemic began to spread rapidly in our country since March 11. Initially, on the 16™ of March,
decisions were made to play the sporting games without spectators until the end of April and to require spe-
cial permission for the international travel of public officials. Following this, holiday was declared for one
week for primary, secondary, and high schools and three weeks for universities; these durations were ex-
tended and the distance education process was started. On the 21% of March, a curfew was declared for in-
dividuals who were aged 65 and over and who had a chronic disease. On the 21% of March, workplaces
such as barbers, hairdressers, cafes, restaurants, and patisseries were closed temporarily. On the 22™ of
March, state institutions and organizations started to apply rotation shifts and flexible teleworking. On the
27" of March, flights in the international arrivals in Turkey were stopped, and governorship permission
was required for traveling between cities. On the 3™ of April, a curfew was declared for citizens aged
below 20. In addition, wearing masks was made compulsory in places like markets, and entrances and
exits to the 30 metropolitan cities and Zonguldak were banned for 15 days. The first curfew was de-
clared on the 11™ of April for 48 hours in 30 big cities and Zonguldak, and similar curfews were de-
clared at some weekends and on special days (https://tr.wikipedia.org/wiki/T%C3%BCrkiye%27de_COVID-
19 _pandemisi_zaman_%C3%A7izelgesi).

Reproduction number (RN) RO demonstrates the number of cases produced from a single infected indi-
vidual in a given epidemic. In other words, RN indicates the new number of infections caused by an individ-
ual who came to a society that had no virus throughout all the transmission period in the onset of the out-
break.> The time-dependent (TD) RN (Rt), which is calculated after the interventions applied for the out-
break are started, enables to analyze the efficiency of different interventions to take the outbreak under con-
trol.2 RN is an important parameter for identifying the severity of the outbreak. RN gives information about
the breaking point of the outbreak. Epidemiology indicates that the outbreak emerges at RN>1 and disap-
pears at RN<1 (an infected person infects less than one person on average).”

Since the COVID-19 outbreak started, various studies have reported estimations about the RN values of
several countries. The RN values were calculated for China by Zhou et al. and Wang et al., for Diamond
Princess ship by Zhang et al., for Italy, Germany, France, and Spain by Yuan et al., for Italy and its 9 cities
by D'arienzo et al., for 11 European countries (Austria, Belgium, Denmark, France, Germany, ltaly, Norway,
Spain, Sweden, Switzerland, and the United Kingdom) by Flaxman et al., and for China, India, Iran, Italy,
South Korea, and the USA by Deb et al.®* Although the RN values were estimated for many countries in
the world, there is limited research about the RN values in Turkey. This study aims to calculate TD RN (Rt)
using three different serial interval (SI) values in the late phase (the period when Rt falls below 1) of the
COVID-19 pandemic for Turkey.

I MATERIAL AND METHODS

TIME DEPENDENT MODEL

The TD model calculates the reproduction numbers by calculating the average over all transmission net-
works compatible with the observations.2>® The probability pij that case i with onset at time t; was infected
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N; W(ti—tj)
Dizk Niw (ti—tg)
R; = X;p;j and is averaged as R, = Nitz{tj=t} R; over all cases with the same date of onset.

by case j with onset at time t; is calculated as p;; = . Thus, the effective RN for case j is

15,16

DATA SOURCE

The data set was obtained from the website (https://covid19.saglik.gov.tr) of the T.C. Ministry of Health (for
the coronavirus outbreak (same data for Turkey can also be obtained from the "worldometers” website:
(https://www.worldometers.info/coronavirus/country/turkey/). The deadline for obtaining data for current
case numbers is 25 May 2020.

SERIAL INTERVAL

The estimation of the RN initially requires the identification of the Sl distribution of the virus.? SI in the epi-
demiology of contagious diseases indicates the duration between the successive cases in a filiation (i.e., a hi-
erarchical one-lag network of a primary case and secondary case infected by the primary case). The Sl is
generally estimated using the durations between the clinical symptom onsets. This process was shown in
Figure 1 to better understand the concept of serial interval 22 The critical parameter for these calculations is
the distribution of the Sls between the serial intervals, the time between the onset of the symptoms, and the
onset of the the symtoms in the secondary case infected by the primay cased. These serial intervals are sum-
marized as means and standard deviations. Although some studies in the literature used the SI of SARS and
MERS, Nishiura et al. found the SI of COVID-19 shorter than the ST of SARS Mean+SD: 4.7 (3.7, 6.0)+£2.9
(1.9, 4.9) days.22 It was reported that the calculations used in that study using the SARS SI could cause
bias.Z Li et al. found the mean of COVID-19 SI as 7.5+3.4 days.2 Du et al. found the mean of the Sl as
3.96+4.75 days.? In their meta-analysis, Park et al. reported that the SI for COVID-19 ranged from 4 to 8
days.2 Therefore, in this study, the Rt calculations for the COVID-19 in Turkey were done using the SARS
and MERS SI mean score (8+3.6) similar to the study conducted by Zhao and Deb. In addition, based on the
studies in the literature, RN were also calculated within the 442.5 and 6+3 days SI values 5142
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FIGURE 1: lllustration of infection timeline and serial interval of coronavirus disease-2019.
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STATISTICAL ANALYSIS

To calculate the COVID-19 RN in the late phase (March 15-May 25, 2020) of the pandemic at a 95% confi-
dence interval, we utilized the “R0” (Version 1.2-6) library in the R studio package.*> The TD model was
utilized for the Rt estimation. In line with the literature, gamma distribution was utilized for SI (with means
and standard deviation) estimation (generation.time function in the RO library). For all the Rt confidence in-
terval estimations, 1000 bootstrap, one of the resampling techniques, was utilized.2*%3% The R studio soft-
ware (Version 1.2.5042) was utilized for all the statistical analyses. The study followed the principles of the
Declarations of Helsinki 2013.

I RESULTS

TD RN estimates were obtained by using the number of cases between 15 March and 25 May using 3 differ-
ent serial intervals. Figure 2 demonstrates the TD RN values calculated for the 6+3 SI value. The Rt value
which was calculated as 14.13 (12.50-15.75) for the 6+3 SI value on the 15" of March, was found to de-
crease to the value of 1 (0.97-1.02) on the 11" of April and less than 1 on the 12" of April. The Rt value was
calculated as 0.85 (0.47-1.27) for the 24™ of May. In addition, mean Rt was found as 1.70 (1.58-1.81) for
Turkey using the 6+3 serial interval.

16

School closure (16 March)

H Date R, Date R, Date R, Date R,
14 ! 1 Curfew over 65 years and temporary closure of workplaces such as 1503 14,13 204 151 2004 0,71 8.05 0,85
(] i barbers, hairdressers, restaurants, patisseries (21 March) 16.03 891 304 148 21.04 0,70 9.05 0,87
1 17.03 6,50 4.04 145 22.04 0,71 10.05 0,88
18.03 494 504 140 23.04 0,72 11.05 0,86
19.03 4,06 6.04 134 24.04 0,74 12.05 082
? 1 } i Curfew under the age of 20, 30 metropolitan and Zonguldak 2003 3,78 7.04 127 2504 076 13.05 0,79
i i i i entrance and exit stops for 15 days and wearing a mask in 21.03 3,82 804 1,19 2604 0,77 14.05 075
10 ' ' ! public areas (3 April) 22.03 3,8 9.04 1,11 27.04 077 1505 073
: | : 23.03 3,77 10.04 1,04 28.04 0,76 16.05 0,73

A 1 Stopping international flights and connecting
12 H 3 | intercity trips to the governor's leave (27 March)
| |
|

1 ' ! ! i 48 hours curfew in 30 metropolitan cities 2403 341 1104 1,00 2904 0,76 17.05 0,75
g 3 | : ! and Zonguldak (11 April) 2503 2,87 1204 097 30.04 078 18.05 0,79
: : i i H 26.03 235 13.04 095 1.05 080 19.05 082
27.03 2,01 1404 092 205 083 20.05 086
28.03 1,83 15.04 089 3.05 0,84 21.05 0,88
29.03 1,72 1604 086 405 083 2205 088
3003 1,63 17.04 082 5.05 0,82 23.05 087
31.03 1,58 18.04 0,78 6.05 082 24.05 085

1.04 155 19.04 074 705 083
Serial interval = 6 + 3

Mean R(t) = 1,70 (1,58 — 1,81)

R (1)

o

15-Mar 20-Mar 25-Mar 30-Mar 4-Apr 9-Apr 14-Apr 19-Apr 24-Apr 29-Apr 4-May 9-May 14-May 19-May 24-May
Days

FIGURE 2: The time dependent reproduction number using 6+3 serial interval value for coronavirus disease-2019.

Figure 3 demonstrates the outbreak curve modeling calculated using 3 different serial intervals for the
TD reproduction number.

Figure 4 demonstrates the TD RN values calculated for the 8+3.6 serial interval. The Rt value which
was calculated as 22.46 (20.42-24.75) for the 8+3.6 SI value on the 15th of March, was found to decrease
less than the value of 1 [0.99 (0.96-1.01)] on 11" of April. The Rt value was calculated as 0.76 (0.00-1.79)
for the 24" of May. In addition, the Rt mean for Turkey was found as 2.06 (1.92-2.21) by using the 8+3.6 SI
value.
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FIGURE 3: a) Outbreak curve modeling for time dependent reproduction number calculated using the 8+3.6 serial interval value. b) Outbreak curve modeling
for time dependent reproduction number calculated using the 643 serial interval value. ¢) Outbreak curve modeling for time dependent reproduction number
calculated using the 4+2.5 serial interval value.
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FIGURE 4: The time dependent reproduction number using 8+3.6 serial interval value for coronavirus disease-2019.

Figure 5 demonstrates the TD RN values calculated for the 44+2.5 serial interval. The Rt value which
was calculated as 7.52 (6.42-8.75) for the 4+2.5 SI value on the 15" of March, was found to decrease to the
value of less than 1 [0.99 (0.97-1.02)] for the first time on 11" of April. The Rt value was calculated as 0.90
(0.76-1.06) for the 24™ of May. Besides, the Rt mean was found as 1.39 (1.30-1.48) for Turkey using the

4+2 5 serial interval.
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FIGURE 5: The time dependent reproduction number using 4+2.5 serial interval value for coronavirus disease-2019.
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I DISCUSSION

A confidence intervals of the RN values calculated using the TD Model for Turkey and 3 different serial in-
tervals were calculated between 1.30 (lowest) and 2.21 (highest).

Yuan et al. calculated the Rt values for some European countries using the TD model with a 5.8+2.6 se-
rial interval. These values were calculated as 3.10 (2.21-4.11) for Italy, 6.56 (2.04-12.26) for France, 4.43
(1.83-7.92) for Germany, and 3.95 (0-10.19) for Spain from February 20, 2020 to March 9, 2020.* In the
present study, the Rt mean for a similar SI was found as 1.70 (1.58-1.81) for Turkey. When the RN values
were compared with the results of the present study, it could be possible to say that the RN value of the pan-
demic in Turkey was lower than that of the values calculated for the European countries.

Using the TD model and the mean serial intervals of SARS and MERS (8.0+3.6), Deb et al. reported
values of 2.60 for China, 1.42 for India, 2.60 for Iran, 3.00 for Italy, 2.14 for South Korea, 10.37 for the US
from January 22, 2020 to March 21, 2020.* As for the present study, the Rt mean for the same SI was found
as 2.06 (1.92-2.21). When the values we calculated were compared with the results of the present study, the
RN value of the outbreak was lower than that of China, Iran, Italy, South Korea, and the US.

Using the TD model with the 4.842.3 serial interval, Sau et al. found the Rt mean as 0.5 for China, 2.5
for Italy, 1.5 for Iran, 0.46 for South Korea, 3.5 for Spain, 3.8 for Germany, 2.6 for France, 2.5 for the USA,
2.2 for Switzerland, 2.8 for England, 2.4 for Norway, and 2.1 for Sweden.® Rt mean using a similar SI was
found 1.39 (1.30-1.48) for Turkey.

The present study also found the RN value of Turkey lower than that of Europe, the USA, and Iran and
higher than that of China and South Korea.

Sl values used were not indicated in some studies. Using the TD value, Wang et al. calculated the Rt
value as 3.61 (3.52-3.70) for China.2 Flaxman et al. found the Rt values as 0.97 (0.14-2.14) and 2.64 (1.40-
4.18) for Norway and Sweden respectively.®

RN values calculated for the same country may demonstrate differences according to different methods
used in RO or Rt estimations, different serial intervals, and different time periods. Although RN is a valuable
variable for estimating the spread potential and severity of a virus, it is affected by some important cases
such as the number of cases transmitted from asymptomatic transmitters, the number of cases from outsiders,
and the sensitivity of the polymerase chain reaction used for coronavirus diagnosis. A limitation of this study
is that the positive cases transmitted from outside could not be reached and thus were not included in the
modeling in the calculation. In addition, since the number of cases based on age and gender information was
not shared in our country, comparisons could not be made on this issue.

Ridenhour et al. reported that RN could demonstrate changes depending on geographical factors due to
the “environment, population structure, viral evolution, and changes in the immuni‘[y”.H However, different
RN values calculated in some European countries having similar geographical conditions such as Germany

and France indicate the effects of the precautions taken by the governments.

In this study, the number of future infected patients was not estimated, only the TD RN (Rt) were calcu-
lated based on the daily number of cases described. This may be a limitation for our study. However, the RN
is used to compare the transmission rate of viruses that cause more epidemics. By using the RN we obtained
in this study, new epidemiological models [SIR (Susceptible, Infectious, Recovered) or SEIR] can be created
to estimate future patient numbers in other studies.

I CONCLUSION

In conclusion, according to the TD model results, from the first day when the pandemic started in Turkey to
the 32" (11" of April 2020) and 33" (12" of April 2020) days, the Rt value decreased below 1 and the out-
break started to demonstrate a breaking point. Using 8+3.6, 643 and 4+2.5 SI values, the mean Rt calculated
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for Turkey with the TD model was 2.06 (1.92-2.21), 1.70 (1.58-1.81), and 1.39 (1.30-1.48) respectively.
These results show that the Rt values obtained for the outbreak in Turkey were lower than the values re-
ported in the literature for China, the USA, and the majority of the European countries. Lower Rt in Turkey
indicates than the other countries’ experiences early on have been successfully evaluated by Turkey in de-
termining the pandemic management measures to be taken in a more timely fashion many other countries
such as closing schools and universities, social distancing rules, making wearing masks in closed areas com-
pulsory, and partial curfews for citizens aged below 20 and 65 and over. This pushed the onset of the out-
break in Turkey to a much later date in Turkey than many other countries.
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