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Abstract: Community transmission of SARS-CoV-2 in densely populated countries has been a topic
of concern from the beginning of the pandemic. Evidence of community transmission of SARS-
CoV-2 according to population density gradient and socio-economic status (SES) is limited. In
June–September 2020, we conducted a descriptive longitudinal study to determine the community
transmission of SARS-CoV-2 in high- and low-density areas in Dhaka city. The Secondary Attack Rate
(SAR) was 10% in high-density areas compared to 20% in low-density areas. People with high SES
had a significantly higher level of SARS-CoV-2-specific Immunoglobulin G (IgG) antibodies on study
days 1 (p = 0.01) and 28 (p = 0.03) compared to those with low SES in high-density areas. In contrast,
the levels of seropositivity of SARS-CoV-2-specific Immunoglobulin M (IgM) were comparable
(p > 0.05) in people with high and low SES on both study days 1 and 28 in both high- and low-density
areas. Due to the similar household size, no differences in the seropositivity rates depending on the
population gradient were observed. However, people with high SES showed higher seroconversion
rates compared to people with low SES. As no difference was observed based on population density,
the SES might play a role in SARS-CoV-2 transmission, an issue that calls for further in-depth studies
to better understand the community transmission of SARS-CoV-2.

Keywords: COVID-19; SARS-CoV-2; community transmission; population density gradient; Dhaka;
Bangladesh

1. Introduction

The COVID-19 pandemic, caused by the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has affected 450 million people, with 6.01 million deaths,
worldwide up to 8 March 2022. The transmission of SARS-CoV-2 from an index case has
been documented to occur following close contact through infected secretions such as
saliva and respiratory secretions or respiratory droplets, as well as other body fluids [1,2].
Secondary attack rates, which indicate how interactions relate to the transmission risk,
have been estimated at 3.3% for SARS-CoV-2, 16.1% of which following household contacts,
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and 1.1% following social contacts [3]. The basic reproduction number (R0) of SARS-CoV-
2, an indication of the virus’s initial transmissibility, was estimated to be 4.71 (range of
4.50–4.92) when the pandemic started in December 2019 [4]. In recent publications, the basic
reproduction numbers of SARS-CoV-2 were observed to vary in the range of 1.0011–2.7936
for different countries [5]. Worldwide, the parameters of transmission dynamics of SARS-
CoV-2 have been estimated mostly among household or social contacts. However, evidence
on transmission dynamics of SARS-CoV-2 according to population density gradients in
low- and middle-income countries was scarce when this study was started. Bangladesh is a
densely populated country, with 1116 people living per square kilometer, and in Dhaka, the
capital, it is estimated that 220,246 persons live per square kilometer (km) in high-density
areas like slums [3], and 29,857 persons live per square kilometer (km) in low-density areas
such as non-slums [6]. On 8 March 2020, the Government of Bangladesh reported the first
case of SARS-CoV-2, and as of May 2021, close to a million people have tested positive for
SARS-CoV-2 in Bangladesh, with over 12,549 confirmed deaths [7]. From the data of the
Bangladesh Bureau of Statistics, it has been observed that there are significant differences
in population density in different areas of Dhaka city. Therefore, we assumed that the
transmission dynamics of SARS-CoV-2 might be diverse according to population density
gradients. Moreover, people in Bangladesh mostly maintain a robust social network, and
community members interact with each other often. This practice might also contribute to
the community transmission of SARS-CoV-2 but may differ according to the population
density. From mid-April 2020 up to December 2020, a nationwide community-based
transmission study on “Transmission Dynamics of COVID-19 in Bangladesh” was carried
out both in rural and urban areas to estimate the secondary attack rate (SAR) and the basic
reproduction number (R0) among household contacts. At that time, we were not aware
that the parameters of transmission dynamics of SARS-CoV-2 may differ among contacts
of SARS-CoV-2 index cases according to the population density gradient of Dhaka city.
Therefore, we initiated this study intending to estimate the secondary attack rate (SAR) and
basic reproduction number (R0) among contacts in high- and low-density areas of Dhaka
city. Our hypothesis was that SAR would be higher in high-density areas because of the
local social structure and behavior patterns. For a long time, the Government of Bangladesh
implemented area-wise lock-down or mobility restrictions depending upon the level of
risk of infection in different communities. The findings of this study aim to supplement
governmental policies for future outbreaks of SARS-CoV-2. To gain a comprehensive
understanding of the susceptible population, we also tested for sero-positivity people who
reported household or neighborhood contacts with a laboratory-confirmed case. We also
collected qualitative data on risk perception and prevention practices such as masking
and social distancing in high- and low-density populations in Bangladesh, which will be
reported in a subsequent article. Here, we report key epidemiological and laboratory-
based data from a longitudinal study of SARS-CoV-2 transmission among household and
neighborhood contacts.

2. Materials and Methods
2.1. Study Design and Settings

The study design was longitudinal, and its duration was 6 months, commencing
on 27 June 2020. In the beginning, we located laboratory-confirmed index cases in high-
density communities of six slums and low-density communities of seven wards of Dhaka
city through the “Transmission Dynamics of COVID-19 in Bangladesh” study. The detailed
methodology of symptomatic and asymptomatic index case enrollment was described else-
where [8]. Then, the cases were interviewed to trace their home and neighborhood contacts.
We followed World Health Organization (WHO) contact definition considering our study
and country context. We considered an individual as a contact who experienced any of the
following exposures during the 2 days before and the 14 days after the onset of symptoms
of a laboratory-confirmed COVID-19 case: (1) face-to-face contact with a confirmed case
within 1 m and for more than 15 min (including travel, gossips, tea stall) or (2) direct
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physical contact with a confirmed COVID-19 case. The contacts were communicated by the
team for verification of the exposure to the case and possible enrollment. After enrollment,
collection of epidemiological data and specimens was done. Nasopharyngeal samples were
collected on day 1, day 7, day 14, and day 28 for RT-PCR. Blood samples were collected on
day 1 and day 28 for ELISA antibody test for seropositivity. The contacts were followed up
for 14 days for signs and symptoms. The distance from the index case household to their
neighbor was determined using a Global Positioning System (GPS) tracker.

2.2. Participants and Procedures

We used operational definitions to describe high- and low-density neighborhoods
(see Appendix A). In high-density neighborhoods, considering an overall SAR at a neigh-
borhood of 20% with a 95% confidence interval, a 5% desired precision, and a 1.5 design
(household cluster) effect, it was estimated that 365 exposed contacts were required [9].
After considering a 10% loss to follow-up and a 15% non-response rate (refusal/non-
availability), an estimated 460 neighborhood contacts had to be enrolled. In low-density
neighborhoods, a similar methodology was followed, with an overall SAR per neighbor-
hood of 5%; we estimated that 143 contacts needed to be enrolled. We assumed that one
case would yield 15–20 contacts [10]. We estimated to approach 31 cases in high-density
neighborhoods and 10 cases in low-density neighborhoods to enroll the estimated number
of contacts. However, during the fieldwork, we stopped after the enrollment of the 14th
index case, as we reached the target number of contacts (n = 460). On the other hand, we
had to enroll more cases (n = 23) to reach the estimated target number of controls (n = 143).

2.3. Laboratory Testing
2.3.1. SARS-CoV-2 RT-PCR

Viral RNA was extracted and purified from nasopharyngeal swab samples using the
Invimag Pathogen kit and an automatic extractor (KingFisher Flex96 system). SARS-CoV-2
detection was performed using a semi-quantitative, matrix gene-specific, probe-based
real-time reverse-transcription polymerase chain reaction (RT-qPCR) assay.

2.3.2. SARS-CoV-2-Specific Enzyme-Linked Immunosorbent Assay (ELISA)

The Receptor Binding Domain (RBD) of the spike protein of SARS-CoV-2 was used
as an antigen to detect antibody responses as discussed previously (Akter et al., 2021,
manuscript in review). RBD-specific IgG and IgM antibody responses were measured
using a monoclonal antibody (CR3022) of known concentration, specific to SARS-CoV-2
RBD. This ELISA procedure was validated and described previously [11] (Akter et al., 2021,
manuscript in review). Using serum from pre-pandemic healthy controls, we determined
the concentration of 500 ng/mL (0.5 µg/mL) as a cut-off value for seropositivity for both
RBD-specific IgG and IgM antibodies.

2.4. Statistical Analysis

We summarized all categorical variables using frequency and percentage, and all
symmetric continuous variables using mean and standard deviation. All variables not
having a normal distribution are presented using a median and inter-quartile range. The
results from the seroprevalence data were used for the calculation of the fraction of the
population that was susceptible.

The secondary attack rate was calculated by dividing the number of positive SARS-
CoV-2 contacts on any day of sample collection by the number of contacts enrolled and
is presented as a proportion. The basic reproduction number was calculated by dividing
the positive SARS-CoV-2 contacts during 14 days of follow-up by the number of index
cases. χ2 tests were used to compare proportions, and Wilcoxon rank-sum test was used
for continuous variables.

We analyzed seroprevalence data based on socioeconomic status in high- and low-
density areas as we did not observe any difference in the seroprevalence level depending
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on the density gradient. Statistical differences in the antibody levels between high- and
low-SES groups were analyzed using the Mann–Whitney U test. p-values < 0.05 were
considered statistically significant.

Written informed consent was obtained from the enrolled cases and contacts. The
study protocol was reviewed and approved by icddr,b’s Research Review and Ethical
Review Committees.

3. Results
3.1. Epidemiological Findings

From 27 June 2020 to 26 September 2020, 14 and 23 index cases were enrolled from
high- and low-density areas, respectively. During this period, 497 contacts were enrolled
from high-density areas, and 187 contacts from low-density areas. The average number of
contacts per case was 36 in high-density areas and 8 in low-density areas (Figure 1).
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Figure 1. Map showing the location of the selected high- and low-density areas of Dhaka city.

The total number of refusals was 107 in high-density areas and 40 in low-density areas.
The primary reasons for not being able to collect the samples were absence from home (47%),
refusal (38%), and migration (15%). Most of the enrolled contacts were in the 11–30 age
groups in high- and low-density areas (Table 1). Enrollment of female contacts was higher in
both high- (54%) and low-density (53%) areas (Table 1). The contacts had mostly a primary
education level in both high- (40%) and low-density (52%) areas (Table 1). Ten percent
of the contacts (10%, 50/497) were SARS-CoV-2-positive in high-density areas, and 20%
(37/187) were SARS-CoV-2-positive in low-density areas. SARS-CoV-2 was identified at
least in one of four nasopharyngeal specimens, collected on days 1, 7, 14, and 28.
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Table 1. Distribution of the demographic characteristics of contacts in high-density and low-density areas.

Characteristic High-Density
N = 497

Low-Density
N = 187

n (%) n (%)

Median Age (range) in
years 25 (0 *–95) ψ 27 (3–75) ψ

Age Distribution
<5 years 7 (1) 1 (1)

6–10 years 33 (7) 9 (5)
11–20 years 141 (28) 42 (22)
21–30 years 120 (24) 67 (36)
31–40 years 92 (19) 24 (13)
41–50 years 60 (12) 22 (12)
51–60 years 32 (6) 13 (7)
>60 years 12 (2) 9 (5)

Sex
Male 228 (46) 88 (47)

Female 269 (54) 99 (53)
Education

No education 141 (28) 20 (11)
Primary 201 (40) 98 (52)

Secondary 131 (26) 49 (26)
Higher Secondary 18 (4) 10 (5)

Tertiary 6 (1) 10 (5)
Household
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developed symptoms in low-density areas, and 31% (5/16) became SARS-CoV-2-positive.
The detection of new positive contacts was highest on day 1 in both high-density (48%) and
low-density (54%) areas compared to the follow-up days at 7, 14, and 28.

The highest proportions of SARS-CoV-2-positive subjects were detected among con-
tacts aged between 21 and 30 years in both high- (30%) and low-density (46%) areas. In
high-density areas, 40% of males were infected with SARS-CoV-2, whereas in low-density
areas, 32% of males were infected with SARS-CoV-2.

Overall, the secondary attack rate (SAR) was 13% (87/684), and the SAR among
contacts was 10% in high-density areas compared to 20% in low-density areas (Table 2).
The basic reproduction number (R0) was 2.7 in high-density areas and 1 in low-density
areas (Table 3).
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Table 2. Secondary attack rate (SAR) in high-density and low-density areas in Dhaka city.

Secondary Case Uninfected Contacts Secondary
Attack Rate p-Value

High Low High Low High Low

n % n % n % n % % %

Contact type
Household 1 (2) 12 (32) 19 (4) 29 (19) 5 29 <0.05

Neighborhood 49 (98) 25 (68) 428 (96) 121 (81) 10 17 <0.05
Overall 50 (100) 37 (100) 447 (100) 150 (100) 10 20 <0.05

Seropositivity at
day 1

Positive 27 (54) 23 (62) 277 (62) 85 (57) 9 21 <0.05
Negative 23 (46) 14 (38) 170 (38) 65 (43) 12 18 >0.05

Age, years
<18 11 (22) 6 (16) 122 (27) 25 (17) 8 19 >0.05

18–49 31 (62) 25 (68) 279 (62) 103 (69) 10 20 <0.05
≥50 8 (16) 6 (16) 46 (10) 22 (15) 15 21 >0.05
Sex
Male 20 (40) 12 (32) 208 (47) 76 (51) 9 14 <0.05

Female 30 (60) 25 (68) 239 (53) 74 (49) 11 25 <0.05
Education

No education 9 (18) 2 (5) 132 (30) 18 (12) 6 10 >0.05
Primary 26 (52) 24 (65) 175 (39) 74 (49) 13 24 <0.05

Secondary 14 (28) 9 (24) 117 (26) 40 (27) 11 18 >0.05
Higher

Secondary 1 (2) 1 (3) 17 (4) 9 (6) 6 10 >0.05

Tertiary 0 (0) 1 (3) 6 (1) 9 (6) 0 10 >0.05
Household size
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Secondary Case within 14 

Days 
Index Case  

High (n = 39) Low (n = 34) High (n = 14) Low (n = 23) 

n n 
Basic Reproduction Number 

(Ro) 

Contact type     

Household 1 11 0.1 0.5 
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Sharing
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Dhaka city. 

 

Secondary Case within 14 

Days 
Index Case  

High (n = 39) Low (n = 34) High (n = 14) Low (n = 23) 

n n 
Basic Reproduction Number 

(Ro) 

Contact type     

Household 1 11 0.1 0.5 

Neighborhood 38 23 2.7 1 

Age, years     

<18 9 6 0.6 0.3 

Neighborhood contacts (N = 623).

The effective reproduction number was higher than 1 in high-density areas (1.4),
whereas it was lower than 1 in low-density areas (0.71). By using a GPS tracker, a to-
tal of 497 contacts from 268 households in high-density areas and of 187 contacts from
92 households in low-density areas were identified. We observed that the average distance
between an index case household and a contact household was 35 m in high-density areas,
whereas it was 44 m in low-density areas. We found positive contacts up to a distance of
250 m from an index case household in high-density areas and of up to 440 m away from
an index case household in low-density areas (Figures A1 and A2).
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Table 3. Estimation of the basic reproduction number (Ro) in high-density and low-density areas in
Dhaka city.

Secondary Case within 14 Days Index Case

High (n = 39) Low (n = 34) High (n = 14) Low (n = 23)

n n Basic Reproduction Number (Ro)
Contact type
Household 1 11 0.1 0.5

Neighborhood 38 23 2.7 1
Age, years

<18 9 6 0.6 0.3
18–49 24 24 1.7 1.0
≥50 6 4 0.4 0.2

Overall 39 34 2.8 1.5
Sex

Male 16 10 1.1 0.4
Female 23 24 1.6 1

Education
No education 8 1 0.6 0

Primary 20 23 1.4 1
Secondary 10 8 0.7 0.3

Higher
Secondary 1 1 0.1 0

Tertiary 0 1 0 0
Household size
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Basic Reproduction Number 
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Contact type     
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<18 9 6 0.6 0.3 

<6 members 33 18 2.4 0.8
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** BDT, Bangladeshi Taka. ⴕ Neighborhood contacts (N = 623). 

Table 3. Estimation of the basic reproduction number (Ro) in high-density and low-density areas in 

Dhaka city. 

 

Secondary Case within 14 

Days 
Index Case  

High (n = 39) Low (n = 34) High (n = 14) Low (n = 23) 

n n 
Basic Reproduction Number 

(Ro) 

Contact type     

Household 1 11 0.1 0.5 

Neighborhood 38 23 2.7 1 

Age, years     

<18 9 6 0.6 0.3 

Yes 35 23 2.5 0.3
No 3 0 0.2 0.7

Monthly
income, **
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3.2. SARS-CoV-2-Specific Antibody Responses in Relation to High and Low SES

Primarily, we analyzed the seroprevalence of SARS-CoV-2 antibodies in high- and low-
density areas of Dhaka city. However, there was no difference in the magnitude and frequencies
(p > 0.05; data not shown) in the level of SARS-CoV-2 antibodies between people in high- and
low-density areas of Dhaka. Thereafter, we performed additional seroprevalence analyses for
SARS-CoV-2 antibodies comparing people with high and low socioeconomic status living within
high- and low-density areas. We determined SARS-CoV-2-specific IgG and IgM seropositivity in
all individuals on study day 1 and day 28. People living in high-density areas with high SES had
significantly higher levels of SARS-CoV-2-specific IgG antibodies on both study day 1 (p = 0.011)
and study day 28 (p = 0.005) compared to the people with low SES. In contrast, this effect was
not observed in the low-density areas (Table 4). IgG seropositivity was also significantly higher
in high-SES people living in high-density areas than in low-SES participants on both study day
1 (73% vs. 59%, p = 0.011) and study day 28 (74% vs. 59%, p = 0.005). In contrast, the level of
seropositivity for SARS-CoV-2-specific IgM was comparable (p > 0.05) in people with high and
low socioeconomic status on both study day 1 and study day 28 (Table 4).
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Table 4. Seropositivity and level of SARS-CoV-2 antibodies in high- and low-SES people living in high- and low-density areas of Dhaka city.

Day 1 Day 28

High Density Low Density High Density Low Density

High SES
(n = 119)

Low SES
(n = 323) p Value High SES

(n = 47)
Low SES
(n = 71) p Value High SES

(n = 119)
Low SES
(n = 323) p Value High SES

(n = 47)
Low SES
(n = 71) p Value

IgG
a Seropositivity,

n (%) 87 (73) 192 (59) 0.011 * 31 (66) 41 (58) 0.482 88 (74) 192 (59) 0.005 ** 34 (72) 43 (61) 0.237

b GM (ng/mL) 827 448 0.015 * 478 460 0.783 627 365 0.029 * 525 453 0.694
IgM

a Seropositivity,
n (%) 61 (51) 153 (47) 0.536 18 (38) 35 (49) 0.324 48 (40) 128 (40) 0.913 14 (30) 24 (34) 0.691

b GM (ng/mL) 443 441 0.562 345 490 0.129 365 381 0.949 296 356 0.098
a Statistical analysis for seropositivity in high- and low-SES groups was performed using the chi-square test. b Statistical difference in the geometric mean conc. of antibodies between
high- and low-SES groups was analyzed using the Mann–Whitney U test. * p = <0.05; ** p = <0.01.
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Next, we analyzed seropositivity among RT-PCR-positive contacts found on days 1, 7,
14, and 28. Overall, individuals with both low and high SES who were RT-PCR-positive
on day 1 had increased levels of IgG antibodies on day 28 (Table A1). IgG seropositivity
also rose from 62–69% (day 1) to 100% (day 28), but no statistically significant differences
were observed between high- and low-SES participants. In contrast, when considering
the RT-PCR-positive individuals on day 7, high-SES participants had significantly higher
(p < 0.005) seropositivity on day 1 compared to low-SES individuals (70% vs. 45%). A
similar trend was observed among high-SES individuals who were RT-PCR-positive on
study days 14 and 28 (Table A1).

No apparent increase in IgM seropositivity was observed between study day 1 and
day 28 among RT-PCR-positive individuals. Higher, but not significant, IgM antibody
levels were found on day 28 in RT-PCR-positive participants compared to day 1. Among
RT-PCR-positive individuals on day 14, high-SES participants had significantly higher
(p = 0.006) seropositivity on day 1 compared to low-SES subjects (67% vs. 47%) (Table A1).

4. Discussion

To our knowledge, this is the first population-based study on secondary attack rate
(SAR) and prevalence of antibodies in people affected by COVID-19 in Bangladesh as well
as in South East Asia. In Bangladesh, particularly, a second wave of the pandemic started
just a year after the first case was detected in In March 2020. Interestingly, in our study,
we did not observe any difference in the frequencies of SARS-CoV-2-specific antibodies in
people living in areas with different density gradients in Dhaka city. Since we followed up
active cases from randomly chosen areas with similar population densities, the number of
household members, age distribution, and collection of biological specimens from the high
and low-density areas were also important factors when analyzing the data. This study
was carried out to observe differences in the SAR and seroprevalence level in people living
in high- and low-density areas.

We found that 10% (50/497) of contacts were SARS-CoV-2-positive as determined by
RT-PCR in high-density areas, compared to 20% (37/187) in low-density areas. Studies
conducted on SARS-CoV-2 transmission reported an attack rate ranging from 17 to 18.9%,
which is comparable with the findings of our study conducted in low-density neighbor-
hoods [12–15]. At the beginning of the study, it was assumed that SAR would be higher
in high-density areas because of the local social structure and behavior patterns. Studies
conducted on the correlation of population density and SARS-CoV-2 transmission also
suggested an influence of population density. One study conducted in the United States
reported that a lower population density was associated with decreased community trans-
mission [16]. In our study, we observed that most of the high-density population lost their
job or income source due to the lockdown and therefore had to migrate back to villages.
Therefore, this might be one reason why the low-density population SAR was higher
than that measured for the high-density population. When considering age groups, the
highest levels of SARS-CoV-2 positivity were detected among contacts aged between 18
and 49 years in both high- and low-density areas (30%). This result is consistent with
other reports since, in most countries, the age group between 20 and 59 years is the most
numerous [9,17,18]. Males were more frequently infected, which is in contrast to what
was observed in China [9]. Overall, the SAR among contacts was 13% (87/684), similar to
what was observed in China and Denmark, [9,12]. We observed that the SAR was higher
among people who received primary education, shared a bedroom, and earned less than
10,000 BDT (~USD 119), similar to what was found in a study conducted in Singapore,
where sharing a bedroom was associated with SARS-CoV-2 transmission [17]. Basic repro-
duction rates were higher in high-density areas than in low-density ones. Asymptomatic
contacts, who were followed up for 14 days and developed symptoms, had a similar
SARS-CoV-2 positivity rate compared to other studies [12]. We found higher frequencies of
seropositive participants for SARS-CoV-2 IgG antibodies in areas with a high socioeconomic
level on day 1 and day 28 in comparison to areas with a low socioeconomic level. A similar
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study conducted in Cape Town, South Africa [18], reported a higher seroprevalence of
SARS-CoV-2 antibodies in participants with a low standardized income, which is opposite
to our study findings.

Moreover, participants who were working in low-income occupations and living in
informal accommodations more likely tested positive for antibody responses [18]. Nearly
half of Khayelitsha participants, who belonged to a partially informal township in Cape
Town, were affected by overcrowding and poverty and tested positive for SARS-CoV-2 anti-
bodies [18]. This discrepancy may be due to differences in the definition of these countries’
low and high socioeconomic status. Another limitation of the study may be linked to the
small number of participants in the high socioeconomic status, which skewed the analyses.
Similar disparities were observed in high-income countries like the USA. In New York
City, the number of laboratory-confirmed COVID-19 cases was significantly associated
with multiple socioeconomic factors, e.g., population density, dependent children, and
median household income [19]. In another study, the number of laboratory-confirmed
COVID-19 cases and deaths was compared to the poverty index of each USA county. It was
observed that, at the beginning of the pandemic, the counties with a higher poverty index
yielded a higher number of cases and deaths, and this trend was confirmed throughout
the pandemic [20]. In Leicester, UK, the likelihood of testing SARS-CoV-2-positive by
RT-PCR was higher in the population with a larger household and belonging to an ethnic
minority [21]. Smartphone tracking data in the USA demonstrated that the ‘stay at home’
orders were less followed in low-income areas compared to high-income areas [22]. In that
study, participants from low-income districts reported facing multiple physical barriers to
social distancing and stay-at-home orders, which may explain the higher seroprevalence in
these areas [22].

Not only antibodies levels but also the levels of SARS-CoV-2-specific memory T cells
may reflect a previous infection and can be important for the establishment of a long-term
immunity to COVID-19. Recently, SARS-CoV-2-specific T-cells have been identified in a
subset of seronegative individuals, and, importantly, SARS-CoV-2-specific T-cells were
more commonly detected in close contacts of confirmed SARS-CoV-2 patients than in
blood donors [23]. Using the identification of SARS-CoV-2 RNA by PCR as a marker of
infection, we may have underestimated the true prevalence of COVID-19 in our cohort in
comparison to seroconversion analysis. Participants may have been infected by SARS-CoV-
2, as evident by seropositivity, though remaining asymptomatic. In addition, dampened
immune responses in the low-SES people may be related to the lack of T cell immune
responses. Therefore, prospective seroprevalence studies in different settings (high- and
low-density areas) of Dhaka city are needed to establish infection control guidelines, along
with in-depth studies for measuring SARS-CoV-2-specific T-cell responses.

This study has several limitations. First, we conducted it at the beginning of the
pandemic (June–September 2020). Second, we cannot claim that COVID-19-positive neigh-
borhood contacts had not been infected by other index cases rather than by the enrolled
index cases. Third, the transmission of infection could also have been possible from our
defined contacts to cases. Fourth, we observed no differences related to the socio-economic
conditions between high- and low-density areas among the study population for any of
the variables tested. To mitigate this limitation, we further analyzed our data using the
Modified Kuppuswamy Socioeconomic Scale.

5. Conclusions

We observed that the secondary attack rate for COVID-19 infection was higher in low-
density areas. On the other hand, the basic reproduction number (R0) was higher in high-
density areas in the same period. Our study shows that people with a higher socioeconomic
status seroconvert significantly compared to those with a lower socioeconomic status.
More in-depth studies are needed, following this cohort longitudinally and observing their
nutrition patterns, behavioral practices, and household size, so to better understand the
mechanism of COVID-19 infection, its nature, and its transmission process.
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Appendix A

Appendix A.1. Definition of Secondary Attack Rate (SAR)

In this study, secondary attack rate (SAR) was defined as a measure of the frequency
of new infections of COVID-19 among neighboring contacts of confirmed cases in a defined
period and their household members (as per WHO, exposure begins 2 days prior to
symptoms), determined by a positive COVID-19 result [24].

Appendix A.2. Definition of Basic Reproduction Number (R0)

R-naught (R0) was defined as the basic reproduction number of COVID-19, the con-
firmed number of cases among the contacts directly generated by one case in a population
where all individuals are susceptible to infection [25].

Appendix A.3. Definition of Effective Reproduction Number (Rt)

The effective reproduction number (Rt or R) was estimated by the product of the basic
reproductive number of COVID-19 and the fraction of the host population susceptible to
COVID-19 infection [26].

Appendix A.4. Definition of Serologic Response or Seroconversion

Sero-conversion can be defined as ≥two-fold increase in antibody titer in sera between
enrolment and later time points (e.g., at day 1 and day 28) of neighborhood contacts [27–32].

Appendix A.5. Operational Definition of High-Density and Low-Density Areas

High-density areas are slums which are horizontally shared spaces with more than
5 people living in a 9–12 feet by 6–8 feet room.

Low-density areas are non-slum wards, which have high-rise buildings and apartments.
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Table A1. Response rate and levels of SARS-CoV-2 antibodies in RT-PCR-positive contacts with
high-SES and low-SES in Dhaka city.

RT-PCR Positive
on

SARS-CoV-2 IgG SARS-CoV-2 IgM

Day 1 Day 28 Day 1 Day 28

High SES Low SES High SES Low SES High SES Low SES High SES Low SES

Day 1
Seropositivity, n 11/16 13/21 14/14 16/16 8/16 10/21 7/14 6/16

(%) (69) (62) (100) (100) (50) (48) (50) (38)
# GM (ng/mL) 501 695 1509 2141 528 501 485 440

Day 7
Seropositivity, n 7/10 9/20 10/10 10/16 6/10 7/20 5/10 7/16

(%) (70) *** (45) (100) *** (63) (60) (35) (50) (44)
GM (ng/mL) 517 736 1556 2432 563 604 539 630

Day 14
Seropositivity, n 1/3 6/15 3/3 10/11 2/3 7/15 2/3 7/11

(%) (33) (40) (100) ** (91) (67) ** (47) (67) (64)
GM (ng/mL) 602 313 1918 2078 476 528 509 619

Day 28
Seropositivity, n 1/3 1/12 2/3 4/12 1/3 5/12 1/3 6/12

(%) (33) *** (8) (67) *** (33) (33) (42) (33) (50) *
GM (ng/mL) 183 61 842 150 230 396 509 490

Statistically significant differences were observed between RT-PCR-positive participants with high and low SES.
Statistical analysis was performed using Fisher’s exact test. * p < 0.05, ** p < 0.01, *** p < 0.001. # No statistical
differences were observed for Geometric mean (GM) concs. of IgG and IgM antibodies between people with high
and low SES.
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*** p < 0.001. # No statistical differences were observed for Geometric mean (GM) concs. of IgG and 

IgM antibodies between people with high and low SES. 

 

Figure A1. Diagram showing the setting of exposure and the direction of transmission from index 

case to household and neighborhood contacts in high-density areas in Dhaka city. 

 

Figure A2. Diagram showing the setting of exposure and the direction of transmission from index 

case to household and neighborhood contacts in low-density areas in Dhaka city. Figure A2. Diagram showing the setting of exposure and the direction of transmission from index
case to household and neighborhood contacts in low-density areas in Dhaka city.

References
1. Transmission of SARS-CoV-2: Implications for Infection Prevention Precautions. Available online: https://www.who.int/

news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions (accessed on 4
January 2021).

2. Kutti-Sridharan, G.; Vegunta, R.; Vegunta, R.; Mohan, B.P.; Rokkam, V. SARS-CoV2 in different body fluids, risks of transmission,
and preventing COVID-19: A comprehensive evidence-based review. Int. J. Prev. Med. 2020, 11, 97. [PubMed]

3. Ahmed, I. Factors in building resilience in urban slums of Dhaka, Bangladesh. Procedia Econ. Financ. 2014, 18, 745–753. [CrossRef]
4. Rahman, B.; Sadraddin, E.; Porreca, A. The basic reproduction number of SARS-CoV-2 in Wuhan is about to die out, how about

the rest of the World? Rev. Med. Virol. 2020, 30, e2111. [CrossRef]
5. Al-Raeei, M. The basic reproduction number of the new coronavirus pandemic with mortality for India, the Syrian Arab Republic,

the United States, Yemen, China, France, Nigeria and Russia with different rate of cases. Clin. Epidemiol. Glob. Health 2021,
9, 147–149. [CrossRef] [PubMed]

6. Hossain, S. The production of space in the negotiation of water and electricity supply in a bosti of Dhaka. Habitat Int. 2012,
36, 68–77. [CrossRef]

7. Available online: https://news.google.com/covid19/map?hl=en-US&mid=%2Fm%2F0162b&gl=US&ceid=US%3Aen (accessed
on 2 June 2021).

8. Nazneen, A.; Sultana, R.; Rahman, M.; Rahman, M.; Qadri, F.; Rimi, N.A.; Hossain, K.; Alam, M.R.; Rahman, M.; Chakraborty, N.;
et al. Prevalence of COVID-19 in Bangladesh, April to October 2020—A cross-sectional study. IJID Reg. 2021, 1, 92–99. [CrossRef]

9. Jing, Q.-L.; Liu, M.-J.; Zhang, Z.-B.; Fang, L.-Q.; Yuan, J.; Zhang, A.-R.; E Dean, N.; Luo, L.; Ma, M.-M.; Longini, I.; et al. Household
secondary attack rate of COVID-19 and associated determinants in Guangzhou, China: A retrospective cohort study. Lancet Infect.
Dis. 2020, 20, 1141–1150. [CrossRef]

10. Burke, R.M.; Midgley, C.M.; Dratch, A.; Fenstersheib, M.; Haupt, T.; Holshue, M.; Ghinai, I.; Jarashow, M.C.; Lo, J.; McPherson,
T.D.; et al. Active Monitoring of Persons Exposed to Patients with Confirmed COVID-19—United States, January–February 2020.
MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 245–246. [CrossRef]

11. Akter, A.; Ahmed, T.; Tauheed, I.; Akhtar, M.; Rahman, S.I.A.; Khaton, F.; Ahmmed, F.; Ferdous, J.; Afrad, M.H.; Kawser, Z.; et al.
Disease characteristics and serological responses in patients with differing severity of COVID-19 infection: A longitudinal cohort
study in Dhaka, Bangladesh. PLoS Negl. Trop. Dis. 2022, 16, e0010102. [CrossRef]

12. Lyngse, F.P.; Kirkeby, C.; Halasa, T.; Andreasen, V.; Skov, R.L.; Møller, F.T.; Krause, T.G.; Mølbak, K. Nationwide study on
SARS-CoV-2 transmission within households from lockdown to reopening, Denmark, 27 February 2020 to 1 August 2020. Eur.
Commun. Dis. Bull. 2022, 27, 2001800. [CrossRef]

13. Madewell, Z.J.; Yang, Y.; Longini, I.M., Jr.; Halloran, M.E.; Dean, N.E. Household Transmission of SARS-CoV-2: A Systematic
Review and Meta-analysis. JAMA Netw. Open 2020, 3, e2031756. [CrossRef] [PubMed]

https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
http://www.ncbi.nlm.nih.gov/pubmed/33042494
http://doi.org/10.1016/S2212-5671(14)00998-8
http://doi.org/10.1002/rmv.2111
http://doi.org/10.1016/j.cegh.2020.08.005
http://www.ncbi.nlm.nih.gov/pubmed/32844133
http://doi.org/10.1016/j.habitatint.2011.05.007
https://news.google.com/covid19/map?hl=en-US&mid=%2Fm%2F0162b&gl=US&ceid=US%3Aen
http://doi.org/10.1016/j.ijregi.2021.10.003
http://doi.org/10.1016/S1473-3099(20)30471-0
http://doi.org/10.15585/mmwr.mm6909e1
http://doi.org/10.1371/journal.pntd.0010102
http://doi.org/10.2807/1560-7917.ES.2022.27.6.2001800
http://doi.org/10.1001/jamanetworkopen.2020.31756
http://www.ncbi.nlm.nih.gov/pubmed/33315116


Trop. Med. Infect. Dis. 2022, 7, 53 14 of 14

14. Fung, H.F.; Martinez, L.; Alarid-Escudero, F.; Salomon, J.A.; Studdert, D.M.; Andrews, J.R.; Goldhaber-Fiebert, J.D.; Stanford-
CIDE Coronavirus Simulation Model (SC-COSMO) Modeling Group. The Household Secondary Attack Rate of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2): A Rapid Review. Clin. Infect. Dis. 2021, 73 (Suppl. S2), S138–S145. [CrossRef]
[PubMed]

15. Madewell, Z.J.; Yang, Y.; Longini, I.M., Jr.; Halloran, M.E.; Dean, N.E. Factors Associated With Household Transmission of
SARS-CoV-2: An Updated Systematic Review and Meta-analysis. JAMA Netw. Open 2021, 4, e2122240. [CrossRef] [PubMed]

16. Smith, T.P.; Flaxman, S.; Gallinat, A.S.; Kinosian, S.P.; Stemkovski, M.; Unwin, H.J.T.; Watson, O.J.; Whittaker, C.; Cattarino, L.;
Dorigatti, I.; et al. Temperature and population density influence SARS-CoV-2 transmission in the absence of nonpharmaceutical
interventions. Proc. Natl. Acad. Sci. USA 2021, 118, e2019284118. [CrossRef]

17. Salzberger, B.; Buder, F.; Lampl, B.; Ehrenstein, B.; Hitzenbichler, F.; Holzmann, T.; Schmidt, B.; Hanses, F. Epidemiology of
SARS-CoV-2. Infection 2021, 49, 233–239. [CrossRef]

18. Paireau, J.; Mailles, A.; Eisenhauer, C.; de Laval, F.; Delon, F.; Bosetti, P.; Salje, H.; Pontiès, V.; Cauchemez, S. Early chains of
transmission of COVID-19 in France, January to March 2020. Eur. Commun. Dis. Bull. 2022, 27, 2001953. [CrossRef]

19. Ng, O.T.; Marimuthu, K.; Koh, V.; Pang, J.; Linn, K.Z.; Sun, J.; De Wang, L.; Chia, W.N.; Tiu, C.; Chan, M.; et al. SARS-CoV-2
seroprevalence and transmission risk factors among high-risk close contacts: A retrospective cohort study. Lancet Infect. Dis. 2021,
21, 333–343. [CrossRef]

20. Shaw, J.A.; Meiring, M.; Cummins, T.; Chegou, N.N. Higher SARS-CoV-2 seroprevalence in workers with lower socioeconomic
status in Cape Town, South Africa. PLoS ONE 2021, 16, e0247852. [CrossRef]

21. Whittle, R.S.; Diaz-Artiles, A. An ecological study of socioeconomic predictors in detection of COVID-19 cases across neighbor-
hoods in New York City. BMC Med. 2020, 18, 271. [CrossRef]

22. Finch, W.H.; Finch, M.E.H. Poverty and COVID-19: Rates of Incidence and Deaths in the United States During the First 10 Weeks
of the Pandemic. Front. Sociol. 2020, 5, 47. [CrossRef]

23. Martin, C.A.; Jenkins, D.R.; Minhas, J.S.; Gray, L.J.; Tang, J.; Williams, C.; Sze, S.; Pan, D.; Jones, W.; Verma, R.; et al. Socio-
demographic heterogeneity in the prevalence of COVID-19 during lockdown is associated with ethnicity and household size:
Results from an observational cohort study. EClinicalMedicine 2020, 25, 100466. [CrossRef] [PubMed]

24. Jay, J.; Bor, J.; Nsoesie, E.O.; Lipson, S.K.; Jones, D.K.; Galea, S.; Raifman, J. Neighbourhood income and physical distancing
during the COVID-19 pandemic in the United States. Nat. Hum. Behav. 2020, 4, 1294–1302. [CrossRef] [PubMed]

25. Sekine, T.; Perez-Potti, A.; Rivera-Ballesteros, O.; Strålin, K.; Gorin, J.B.; Olsson, A.; Llewellyn-Lacey, S.; Kamal, H.; Bogdanovic,
G.; Muschiol, S.; et al. Robust T Cell Immunity in Convalescent Individuals with Asymptomatic or Mild COVID-19. Cell 2020,
183, 158–168.e14. [CrossRef] [PubMed]

26. Halloran, M. Secondary Attack Rate. In Encyclopedia of Biostatistics; Wiley Online Library: Hoboken, NJ, USA, 2005.
27. Delamater, P.; Street, E.; Leslie, T.; Yang, Y.T.; Jacobsen, K. Complexity of the Basic Reproduction Number (R0). Emerg. Infect. Dis.

J. 2019, 25, 1. [CrossRef]
28. Hridoy, A.-E.; Naim, M.; Alam, E.; Laam, N.U.; Tipo, I.; Tusher, S.; Alam, S.; Islam, M.S. Estimation of Effective Reproduction

Number for COVID-19 in Bangladesh and its districts. medRxiv 2020, 6. [CrossRef]
29. Qadri, F.; Ryan, E.T.; Faruque, A.S.; Ahmed, F.; Khan, A.I.; Islam, M.M.; Akramuzzaman, S.M.; Sack, D.A.; Calderwood, S.B.

Antigen-specific immunoglobulin A antibodies secreted from circulating B cells are an effective marker for recent local immune
responses in patients with cholera: Comparison to antibody-secreting cell responses and other immunological markers. Infect.
Immun. 2003, 71, 4808–4814. [CrossRef]

30. Asaduzzaman, M.; Ryan, E.T.; John, M.; Hang, L.; Khan, A.I.; Faruque, A.S.; Taylor, R.K.; Calderwood, S.B.; Qadri, F. The major
subunit of the toxin-coregulated pilus TcpA induces mucosal and systemic immunoglobulin A immune responses in patients
with cholera caused by Vibrio cholerae O1 and O139. Infect. Immun. 2004, 72, 4448–4454. [CrossRef]

31. Johnson, R.A.; Uddin, T.; Aktar, A.; Mohasin, M.; Alam, M.M.; Chowdhury, F.; Harris, J.B.; Larocque, R.C.; Bufano, M.K.; Yu,
Y.; et al. Comparison of immune responses to the O-specific polysaccharide and lipopolysaccharide of Vibrio cholerae O1 in
Bangladeshi adult patients with cholera. Clin. Vaccine Immunol. CVI 2012, 19, 1712–1721. [CrossRef]

32. Qadri, F.; Ahmed, T.; Ahmed, F.; Bhuiyan, M.S.; Mostofa, M.G.; Cassels, F.J.; Helander, A.; Svennerholm, A.-M. Mucosal and
Systemic Immune Responses in Patients with Diarrhea Due to CS6-Expressing Enterotoxigenic Escherichia coli. Infect. Immun.
2007, 75, 2269. [CrossRef]

http://doi.org/10.1093/cid/ciaa1558
http://www.ncbi.nlm.nih.gov/pubmed/33045075
http://doi.org/10.1001/jamanetworkopen.2021.22240
http://www.ncbi.nlm.nih.gov/pubmed/34448865
http://doi.org/10.1073/pnas.2019284118
http://doi.org/10.1007/s15010-020-01531-3
http://doi.org/10.2807/1560-7917.ES.2022.27.6.2001953
http://doi.org/10.1016/S1473-3099(20)30833-1
http://doi.org/10.1371/journal.pone.0247852
http://doi.org/10.1186/s12916-020-01731-6
http://doi.org/10.3389/fsoc.2020.00047
http://doi.org/10.1016/j.eclinm.2020.100466
http://www.ncbi.nlm.nih.gov/pubmed/32840492
http://doi.org/10.1038/s41562-020-00998-2
http://www.ncbi.nlm.nih.gov/pubmed/33144713
http://doi.org/10.1016/j.cell.2020.08.017
http://www.ncbi.nlm.nih.gov/pubmed/32979941
http://doi.org/10.3201/eid2501.171901
http://doi.org/10.1101/2020.08.04.20168351
http://doi.org/10.1128/IAI.71.8.4808-4814.2003
http://doi.org/10.1128/IAI.72.8.4448-4454.2004
http://doi.org/10.1128/CVI.00321-12
http://doi.org/10.1128/IAI.01856-06

	Introduction 
	Materials and Methods 
	Study Design and Settings 
	Participants and Procedures 
	Laboratory Testing 
	SARS-CoV-2 RT-PCR 
	SARS-CoV-2-Specific Enzyme-Linked Immunosorbent Assay (ELISA) 

	Statistical Analysis 

	Results 
	Epidemiological Findings 
	SARS-CoV-2-Specific Antibody Responses in Relation to High and Low SES 

	Discussion 
	Conclusions 
	Appendix A
	Definition of Secondary Attack Rate (SAR) 
	Definition of Basic Reproduction Number (R0) 
	Definition of Effective Reproduction Number (Rt) 
	Definition of Serologic Response or Seroconversion 
	Operational Definition of High-Density and Low-Density Areas 

	References

