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Abstract 27 

Background: The outbreak of novel coronavirus disease (COVID-19), started from Wuhan, China, at 28 

the end of December 2019, hits almost the entire world. In Bangladesh, the first case was officially 29 

reported on March 8, 2020. We estimated the basic reproductive number, 𝑅!, of COVID-19 for 30 

Bangladesh using the first 65-day data of the outbreak.  31 

Methods: With time-varying disease reporting rate, epidemic curves were estimated using the 32 

exponential growth model utilizing daily COVID-19 diagnosis data in Bangladesh from March 8 to 33 

May 11, 2020. We estimated	𝑅! using the estimated intrinsic growth rate (𝛾). Serial intervals (SI) have 34 

been used from two well-known coronaviruses’ outbreaks, SARS and MERS; and the early estimate of 35 

SI of COVID-19 in Wuhan, China.   36 

Results: The COVID-19 epidemic in Bangladesh followed an exponential growth model. We found 37 

the	𝑅! to be 1.84 [95% CI: 1.82 – 1.86], 1.82 [95% CI: 1.81 – 1.84], and 1.94 [95% CI: 1.92 – 1.96],  38 

for MERS, COVID-19, and SARS SI respectively without adjusting reporting rate. With the adjusted 39 

reporting rate, 	𝑅! reduced to 1.63 [95% CI: 1.62 – 1.65], 1.62 [95% CI: 1.61 – 1.64], and 1.71 [95% 40 

CI: 1.70 – 1.73] for a five-fold increase. Inverse association between the reporting rate and the basic 41 

reproduction number was observed. 42 

Conclusion: The 𝑅! was found to be 1.87 for existing cases and was reduced to 1.65 for the five-fold 43 

increase of the early reporting rate. Findings suggest a continued COVID-19 outbreak in Bangladesh 44 

and immediate steps need to be taken to control. 45 

Keywords: SARS-COV-2; COVID-19; Outbreak; Basic Reproduction Number; Bangladesh. 46 

 47 
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 49 
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Introduction 51 

Atypical pneumonia cases with unknown aetiology were first detected in Wuhan, China, at the end of 52 

December 2019 (1). This disease subsequently found to be caused by a virus, and the World Health 53 

Organization (WHO) named this virus as severe acute respiratory syndrome coronavirus 2 (SARS-54 

COV-2) (2). The disease itself was named as a coronavirus (COVID-19) (2). Evidence suggested that 55 

the likelihood of spreading this disease for cross border travelling (3) is very high and hence indicated 56 

the global spreading (4). On March 11, 2020, the WHO declared that COVID-19 disease outbreaks a 57 

global pandemic (5, 6). As of May 11, 2020 (10.00 GMT+ 6), there have been 4,137,591 confirmed 58 

cases found in 187 affected countries, among which 17,07,756 (41%) have been closed. Among the 59 

closed cases, 14,24,230 (83%) have recovered from the infection while 2,83,526 (17%) cases were 60 

closed as death (7) by COVID-19. The most affected country was the United States of America 61 

(13,32,609 cases and 79,607 death) which was followed by Spain (2,24,350 cases and 26,621 death), 62 

and United Kingdom (2,24,327 cases and 32,140 death) based on the data up to May 11 2020 (7). In 63 

Bangladesh, the first three cases were detected on March 8, and the first death reported on March 18, 64 

2020, from COVID-19 disease (8). A total of 15,691 cases were detected by May 11 while only 7,667 65 

cases reported from the March 8 to April 30, 2020, implying an about 2-fold increase of the cases in 11 66 

days, May 1st to 11th (8). In this regards, it is very urgent to estimate the epidemiological determinants 67 

of COVID-19 for assessing the epidemic transmissibility, the prediction of the future trend of epidemic 68 

spreading, as well as the planning for control measure. The most important parameter to determine the 69 

intrinsic transmissibility of infectious disease is the basic reproduction number (𝑅!) measuring the 70 

average number of secondary infectious cases caused by an index case in a 100% susceptible population 71 

(9). China and Korea estimated the basic productive number at the early stage of the outbreak and found 72 

different estimates in different states. In Wuhan, the 𝑅!was estimated to be 2.68 [95% CI: 2.47 – 2.86] 73 

(10), in Hubei province, 6.49 [95% CI: 6.31 – 6.66] (11), in China and overseas,2.90 [95% CI: 2.32 – 74 

2.63] (12), and in Korea, the initial 𝑅! was estimated to be 0.555 and the later estimate revealed  𝑅! 75 

between 3.47 and 3.54 (13). 76 
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During an epidemic situation, imposing different control measures by the government such as changing 77 

personal behaviour (wearing masks, washing hands, maintaining social distance, and sterilizing etc.), 78 

and reducing the susceptible populations play a vital role in reducing the reproduction number. An 79 

epidemic is considered to be under control when 𝑅!<1 (14).  80 

To the best of our knowledge, there was no existing research quantifying the transmissibility of COVID-81 

19 in Bangladesh. In this study, we attempt to estimate the transmissibility of COVID-19 using the basic 82 

reproductive number, 𝑅! utilizing the publicly available daily reported data in Bangladesh.  83 

Methodology 84 

Data Source 85 

Time series data on COVID-19 diagnosis were collected from the daily reported cases published in the 86 

website of Institution of Epidemiology, Disease Control and Research (IEDCR) (15) and Corona info, 87 

Directorate General of Health Service (DGHS), Ministry of Health and Family Welfare (MoHFW), 88 

Bangladesh (8). All cases were laboratory-confirmed following the suspected case definition of the 89 

World Health Organization (WHO) (16) and the National guidelines on clinical management of 90 

coronavirus disease 2019 (COVID-19) (17).  91 

Data Management  92 

Data have been captured from March 8, the date of first cases detected in Bangladesh, up to May 11, 93 

2020, as of the submission date of this manuscript was May 12, 2020. In the beginning, the number of 94 

the diagnosed cases was very low due to the low volume of testing, and the number of diagnosed cases 95 

gradually increased with the increasing number of tests, indicating a direct link between the number of 96 

case diagnosed and the number of people tested. The increasing daily number of tests were governed 97 

by the growing level of public awareness and government surveillance, including enhancement of test 98 

and treatment facilities.     99 

To account for the effect of increasing surveillance, and to offset the underreported case diagnosis in 100 

the early days; we adopted an adjustment mechanism for the daily number of diagnosed cases by a time-101 
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varying reporting rate, motivated by previous studies (14, 18). We assumed that the reporting rate 102 

reached at the maximum level on the day the country started testing 2,000 individuals per day. We 103 

adjusted the daily number of diagnosed cases before this point in time using a series of reporting rate 104 

increments time-varied by the daily number of tests performed. Let 𝑐(𝑡) be the daily diagnosed new 105 

cases on the day 𝑡; 𝑇(𝑡) be the number of people tested, and 𝑟(𝑡) be the fold change of reporting rate, 106 

Then, the adjusted number of daily diagnosed cases, denoted by 𝑐"(𝑡), is obtained as 107 

 𝑐"(𝑡) =
⎩⎪
⎨
⎪⎧
𝑐(𝑡) × [1 + 𝑟(𝑡) × 1.00]; if	𝑇(𝑡) < 100
𝑐(𝑡) × [1 + 𝑟(𝑡) × 0.75]; if	100 ≤ 𝑇(𝑡) < 500𝑐(𝑡) × [1 + 𝑟(𝑡) × 0.50]; if	500 ≤ 𝑇(𝑡) < 1000𝑐(𝑡) × [1 + 𝑟(𝑡) × 0.25]; if	1000 ≤ 𝑇(𝑡) < 2000
𝑐(𝑡) × [1 + 𝑟(𝑡) × 0.00]; if	𝑇(𝑡) ≥ 2000

 (1) 

Finally, the adjusted cumulative number of cases were computed 𝐶(𝑡) = ∑ 𝑐"(𝜏)#$% . Alongside 108 

analyzing the originally diagnosed number of cases, we considered analyzing multiple other scenarios 109 

defined by 0.5, 1, 2, 3, 4, and 5-fold increasing of reporting rate. As it is very difficult to assess the 110 

exact reporting rate due to unavailability of required data, we considered analyzing these seven scenario 111 

covering a broad spectrum of variation in the reporting rate. Figure 1 provides further detail on each of 112 

these scenarios that we have investigated for COVID-19 SI. Other scenarios for MERS and SARS SI 113 

was given in the supplemental file Figure S1 and Figure S2, respectively. 114 

Reproductive Number 115 

Following previous studies (14, 19, 20), exponential epidemic curves have been fitted to the data on the 116 

daily diagnosed number of cases, both original and adjusted, using the equation (1) for the different 117 

reporting rate increase. The main parameter of this curve is the intrinsic growth rate (𝛾), indicating the 118 

change in the number of new cases in a given period. This parameter was estimated using the Poisson 119 

regression (21). The basic reproductive number was estimated using the following equation (2) (20). 120 

 𝑅! = 1
𝑀(−𝛾) =

1
∫ 𝑒&'(ℎ(𝑘)𝑑𝑘)

!

 (2) 

where ℎ(⋅) is the probability density function of serial (or generation) interval of disease defined as the 121 

time from infection of an individual to the infection of a secondary case by that individual (22). The 122 
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function 𝑀(⋅) is the Laplace transform of ℎ(⋅) known as the moment generating function of serial 123 

interval. A deviance based statistic (𝑅*) (21) has also been computed to test the goodness of fit of the 124 

epidemic curve (21, 23). 125 

We employed the Gamma distribution as the distribution of serial interval. We used the serial interval 126 

(SI) information reported for COVID-19 cases of Wuhan, China using 425 cases (24). We also have 127 

conducted our analyses using the SI information for Middle East Respiratory Syndrome (MERS), and 128 

the Severe Acute Respiratory Syndrome (SARS) as these two viruses share the same pathogen as 129 

COVID-19. The mean ± SD for Gamma distribution was considered as 7.6 ± 3.4 days for MERS (25),  130 

7.5 ± 3.4 days for COVID-19 (24); and 8.4 ± 3.8 days for SARS (26). All the data were analyzed using 131 

statistical software R using the package R0 (21). 132 

Results  133 

The estimated exponential epidemic curves are presented in Figure 1 (b), (d), (f), (h), (j), (l), and (n) for 134 

the number of diagnosed cases as observed and 0.5, 1, 2, 3, 4, and 5-fold increased reporting rate 135 

adjusted number of cases. These figures, for each scenario, depicted the actual cumulative number of 136 

diagnosed cases, the cumulative adjusted number of cases, and estimated epidemic curve. The 137 

goodness-of-fit deviance 𝑅*of the estimated epidemic curves, maximum (0.89) for the model of actual 138 

case numbers and minimum (0.85) for the model of case numbers adjusted for a 5-fold increase in 139 

reporting rate, indicated that the epidemic data satisfactorily followed the exponential growth as we 140 

assumed. Figure 2 presents the estimated 𝑅! and 95% confidence interval [CI] for all scenarios 141 

presented by the actual and fold increased reporting rates adjusted cases under the three SI’s discussed 142 

previously. For MERS SI, the estimated 𝑅!  ranges from 1.84 [95% CI: 1.82 – 1.86] to 1.63 [95% CI: 143 

1.62 – 1.65] associated with the actual number of cases to 5-fold increase of the early reporting rate. 144 

Similarly, for SARS SI the estimated 𝑅! varied between 1.94 [95% CI: 1.92 – 1.96] and 1.71 [95% CI: 145 

1.70 – 1.73]. Following the estimated SI of COVID-19, estimated 𝑅! showed 1.82 [95% CI: 1.81 – 146 

1.84] for an actual case number to 1.62 [95% CI: 1.61 – 1.64] for case numbers adjusted for a 5-fold 147 

increase in early reporting rate. In all the scenarios, the estimated 𝑅!was found to be significantly higher 148 

than 1, indicating that size of the outbreak is increasing in Bangladesh, and each of the primary cases 149 
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continues infecting 1.87 new individuals on average based on the reporting rate as observed. The 150 

average number of new infection from each primary infected cases could be down to 1.65 if the 151 

reporting rate is increased to 5-fold to adjust the case numbers in the early phase of the outbreak. 152 

Discussion 153 

With the ever-growing number of COVID-19 cases, the world is currently in a pandemic situation (5, 154 

6). It is already established that COVID-19 transmitted from human-to-human (27). The basic 155 

transmissibility parameter, reproduction number 𝑅!, is an important epidemiologic factor evaluating 156 

the level of the epidemics and selecting the appropriate prevention and intervention policies.  However, 157 

in the case of COVID-19, epidemiological information including 𝑅!was not well known as it is a new 158 

strain of the virus, and a country must do a quick review and change plan accordingly to the situation 159 

of the epidemic (13).In this regards, we estimated the basic reproduction number for Bangladesh based 160 

on the SI of SARS (26), MERS (25), and COVID-19 estimated from data on diagnosed cases in Wuhan, 161 

China (24) under a broad spectrum of observed and adjusted reporting rates. The findings of this 162 

investigation were a little bit lower than the WHO declared reproductive number, for the human to 163 

human (direct) transmission, interval 2 – 2.5 for China (28) and also slightly lower than the other similar 164 

pathogens like as SARS (𝑅!: 2 − 5) (26, 29), and MERS (𝑅!: 2.0 − 6.7) (30). We found Bangladesh to 165 

be in a slightly better position, in terms of transmissibility of COVID-19 infection, than the two 166 

neighbouring countries India and Pakistan having estimated 𝑅! 2.56 and 2.65, respectively.(31, 32). 167 

Besides these, the basic reproduction number estimated in different provinces of China at different 168 

period ranged between 1.5 and 6.49 (33). In Korea, this figure was 3.54 (data using between February 169 

18-March 1, 2020) (13), which was higher than that in Bangladesh. In Italy, in the early phase (February 170 

25-March 12, 2020) of the outbreak, the estimated 𝑅!was 2.43 to 3.10 (34), and in Algeria, it was found 171 

to be 2.55 [95% CI: 2.15 – 2.94] using the actual incidence data of first 25 days of the outbreak (35). 172 

The accuracy of the basic reproduction number relies on the selection of the SI of COVID-19; however, 173 

as of yet, there is no consistent evidence regarding this interval. Determining the SI requires sufficient 174 

information of the chain of the disease transmission with a long period of follow up study with a 175 
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sufficient number of patients(36). Following the literature (14) we have used the SI of SARS and MERS 176 

that approximately gave a similar insight of COVID-19 at the early stage of the outbreak. We also have 177 

considered using an early phase estimate of SI for COVID-19 from Wuhan, China (24) which is similar 178 

to the SI of MERS and yielded a similar estimate of the basic reproduction number for Bangladesh. As 179 

we are currently in the middle of the pandemic and uncertain as to when Bangladesh will reach the 180 

plateau of new infections, our exercise is merely inferential and aimed to aid the timely public health 181 

interventions by the Government of Bangladesh.    182 

Conclusion  183 

Using a series of 65 days daily diagnosed case numbers in Bangladesh, we estimated the basic 184 

reproduction number 𝑅! of COVID-19 as 1.84 [95% CI: 1.82 – 1.86], 1.82 [95% CI: 1.81 – 1.84], and 185 

1.94 [95% CI: 1.92 – 1.96],  for MERS, COVID-19, and SARS SI respectively. The reproduction 186 

exhibited a downward trend with adjustments in case numbers for increasing reporting rate and reached 187 

to 1.63 [95% CI: 1.62 – 1.65], 1.62 [95% CI: 1.61 – 1.64], and 1.71 [95% CI: 1.70 – 1.73] for a five-188 

fold increase. The basic reproduction number staying significantly higher than 1, even after an 189 

adjustment for a five-fold increase in reporting rate, is an indicator of a still-growing outbreak of 190 

COVID-19 in Bangladesh. The observed inverse relationship between the increase in reporting rate and 191 

basic reproduction number insinuate a better control of the outbreak in Bangladesh conditional on taking 192 

advantages of the higher reporting rate, e.g., by ensuring expanded testing coverages.  193 
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 306 

Figure Legends  307 

Figure 1: The scenarios of the change in the reporting rate (top panels) and the exponential 308 

growth fitting (bottom panels) based on the COVID-19 SI. The top panels, i.e., (a), (c), (e), 309 

(g), (i), (k), and (m) show the assumed change in the reporting rate. The bottom panels, i.e., 310 

(b), (d), (f), (h), (j), (l), and (n) show the reported (or observed, black circles), adjusted (green 311 

dots) and fitted (blue curve) the number of COVID-19 infections. The vertical grey line 312 

represents the date when the number of tests reached 100, 500, 1000, and 2000. Panels (a) 313 

and (b) show the scenarios that the reporting rate was unchanged. Panels (c) and (d) show the 314 

scenarios that the reporting rate increased by 0.5-fold. Panels (e) and (f) show the scenarios 315 

that the reporting rate increased by 1-fold. Panels (g) and (h) show the scenarios that the 316 

reporting rate increased by 2-fold. Panels (i) and (j) show the scenarios that the reporting rate 317 

increased by 3-fold. Panels (k) and (l) show the scenarios that the reporting rate increased by 318 

4-fold. Panels (m) and (n) show the scenarios that the reporting rate increased by 5-fold. 319 

 320 
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Figure 2: This figure depicted the estimated basic reproduction number, 𝑅!, under different 321 

reporting rate fold increase. The estimated 𝑅! is shown with the number and (95% CI) 322 

format. Three figure was presented considering three SI  of MERS, COVID-19, and SARS. 323 



Figures

Figure 1

The scenarios of the change in the reporting rate (top panels) and the exponential growth �tting (bottom
panels) based on the COVID-19 SI. The top panels, i.e., (a), (c), (e), (g), (i), (k), and (m) show the assumed
change in the reporting rate. The bottom panels, i.e., (b), (d), (f), (h), (j), (l), and (n) show the reported (or
observed, black circles), adjusted (green dots) and �tted (blue curve) the number of COVID-19 infections.
The vertical grey line represents the date when the number of tests reached 100, 500, 1000, and 2000.
Panels (a) and (b) show the scenarios that the reporting rate was unchanged. Panels (c) and (d) show the
scenarios that the reporting rate increased by 0.5-fold. Panels (e) and (f) show the scenarios that the
reporting rate increased by 1-fold. Panels (g) and (h) show the scenarios that the reporting rate increased
by 2-fold. Panels (i) and (j) show the scenarios that the reporting rate increased by 3-fold. Panels (k) and
(l) show the scenarios that the reporting rate increased by 4-fold. Panels (m) and (n) show the scenarios
that the reporting rate increased by 5-fold.



Figure 2

This �gure depicted the estimated basic reproduction number, R_0, under different reporting rate fold
increase. The estimated R_0 is shown with the number and (95% CI) format. Three �gure was presented
considering three SI of MERS, COVID-19, and SARS.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupplementalMaterials.docx

https://assets.researchsquare.com/files/rs-32412/v1/SupplementalMaterials.docx

