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Abstract
Introduction Novel coronavirus spread seems mysterious enough for convincing us to double check the
indices being used to predict its transmission. Serological analysis was applied for assessing some
metric epidemiological aspects of the infection and its transmissibility among people who were in
contact with SARA-CoV-2 patients.   

Methods In this contact tracing prospective cohort study, 453 contact cases of forty COVID 19 patients
were followed for three months.  SARS-CoV-2 patients were diagnosed by real time polymerase chain
reaction testing of nasopharyngeal samples. The history of infectiousness was detected by serological
testing of IgG and IgM. Trained expert team completed two questionnaires and blood samples were taken
by experts in laboratory. Data were analyzed using SPSS (Ver.21) and R software. Some important
epidemiological characteristics of the infection were calculated.

Results Mean age of SARS-CoV-2 patients and contact cases were 53.0±18.2 and 30.8±19.3 years,
respectively. Overall R0 of the infection was 2.56. Household and non-household secondary attack rates
(SAR) were 20% (95%CI; 12.7 – 27.3) and 11.3% (95%CI; 6.1-16.5), respectively. Transmission probability
in each contact was 0.0205 and the serial interval was 6.4±4.6 (95% CI; 5.2–7.6) days. SAR among
contact cases who exposed asymptomatic primary cases (28%, 95%CI; 10-46%) was higher than that
(13.8%, 95%CI;9.4-18.2) among contact cases exposing to symptomatic patients. 

Conclusions We concluded a herd immunity between 60 and 65% is needed in human communities.
Findings demonstrated how much reduction in infection R0 is predicted based on both clinical and public
health interventions. 

Introduction
About 10 months passed from the date when the �rst case of the new coronavirus (SARS-CoV-2)
infection was reported from Wuhan, China. The �rst World Health Organization (WHO) report for COVID
19 was issued on January 21, 2020 [1]. As of the date, the disease is in the form of pandemic as almost
all countries around the world are contaminated and no vaccine and speci�c treatment are available, yet.

At the beginning weeks of the infection appearance, there was concern about some important aspects of
the infection transmission. For instance, Burki reported on February 17, 2020 from the president of the
American Society of Tropical Medicine and Hygiene, that “My sense is that asymptomatic transmission is
not the major motor of this outbreak”. She also reported that “the extent to which asymptomatic and sub -
clinical patients can pass on the virus still remains unclear” [2]. Although many epidemiological
investigations have been conducted in the last few months, there is not enough �ndings to provide
accurate evidence for policy makers to answer these questions. 

Similar to any other infection, every detail about novel coronavirus transmissibility can play a crucial role
in programs of controlling the spread of the infection. Household contacts between people are closer
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than outdoor contacts and the probability of transmission should clearly be different. The type and the
duration of contacts are also important and should be taken into account. Accurate data of contact
tracing should be collected to provide the most exact information about human-to-human transmissibility
of the infectious agent. Household Secondary Attack Rate (SAR) of SARS-CoV-2 was measured in few
studies such as Jing et al study [3].

Winter and Hegde commented that in case of infectious pathogens, in order to contact tracing in highly
dense populations, serological analysis can be useful [4]. However, cross-reactivity of serological tests
with other viral pathogens is criticized.  Serological analysis along with contact tracing is also useful to
estimate the proportion of asymptomatic infectors in the population [4]. Serological testing can have a
crucial role in identifying convalescent cases or people with milder disease who might have been missed
by other surveillance methods [5].

Bi et al reported some metric measures of COVID 19 transmission including R0 and SAR among a group
of patients and their contacts [6]. The accuracy of �ndings about the SARS-CoV-2 infection
characteristics reported by authors who were in rush to publish their results at the �rst months of the
infection appearance in high impact journals might be criticized. In our contact tracing prospective
cohort, serological analysis was applied to have more accurate data for assessing some metric
epidemiological measures of the infection and its transmissibility among people who were in contact
with SARA-CoV-2 patients.

Material And Methods
Setting, participants and data collection

In this prospective cohort study, all patients with con�rmed COVID 19 infection whose disease was
con�rmed using RT-PCR test, during March 1, 2020 to April 30, 2020, (Rafsanjan County, Kerman
Province, Southeast, Iran) were invited (n=48). All contact cases (household and non-household) were
traced for 3 months (n=453) and some details about the date, type, place and duration of their exposure
to 40 (8 were excluded due to their opposition) COVID 19 patients (as primary cases) were registered by
trained experts (�gure 1).  The ethics committee of Rafsanjan University of Medical Sciences approved
this study before data collection (Ethical code: IR.RUMS.REC.1399.001)

At the �rst phase of the study, demographic characteristic of patients (n=48) along with information
about their medical situation were recorded by protected trained expert when they were admitted in
hospital, after receiving patients (or relatives) written consent. Some extra items were also asked from
patients about their contacts during; 1- the time before the �rst symptom of COVID 19 (at least for two
weeks based on the COVID 19 incubation period), 2- the time period between the �rst symptom onset and
admission in hospital, and 3- the duration between patients’ admission and the time of data collection.  

In the second phase, the research team followed all people who were listed as contact cases of each
COVID 19 patients during the three months (total=453). Contact cases were visited in their living places
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by protected trained experts.  Details about methods and objectives of the study were presented and
participants consent was obtained from those who were willing to help with the study, before data
collection. In case of contact cases younger than 18 years, we received the written informed consent form
their parents before collecting data and introducing them to the reference laboratory for having their
blood sample. In addition, this study was performed in accordance with the guidelines for the report of
observational studies in epidemiology (STROBE).  

 

 

Outcomes

Data were recorded on a checklist by trained experts, asking about age, gender, living place, nationality,
occupation, educational status, marital status and family size. Some details about the diseases that
participants might being suffered from, as co-morbidity (including hypertension, cardiovascular,
respiratory diseases, diabetes, cancer and…) were also collected. Speci�c items about the date of contact
(to the COVID 19 patient), the duration (minutes), place (indoors at home, indoors outside home such as
shop or in a bus, and outdoors), the type (close such as kissing and/or hugging, not close not far such as
hand shaking or having food together, and far such as contact with a distance more than 2 meters and/or
for less than 2 minutes), and the number of contacts were asked. In the last section of the checklist some
items were asked about the symptoms of the disease among contact cases, starting date of the �rst
symptom, the duration of symptom, and the date of admission to hospital (if there was).

Further, all contact cases were also given a letter to reffer to the medical school laboratory and a 5cc vein
blood sample was taken from the top of forearm. The blood sample was used to measure CBC, ESR, CRP,
IgG and IgM. Serological tests were performed for assessing the presence level of the speci�c IgG and
IgM antibodies. There was no cost for participants and the laboratory results were given to them for free.
One member of our research team was requested to consult those participants whose laboratory results
showed need further medical attention (an infection diseases specialist, consultant).  

Case de�nition;

In our study, A primary con�rmed case was a symptomatic or asymptomatic case with positive detection
of SARS-CoV-2 nucleic acid by Real-time Polymerase Chain Reaction, RT-PCR, using specimens taken
from respiratory excretions, or viral genes that are highly homologous to SARS-CoV-2 by sequencing
method. In contact tracing, an individual with serology test results of IgG and IgM ≥ 1, with or without
clinical symptoms, was de�ned as a secondary case. 

Statistical analysis;

Standard methods based on the type and scale of measured variables were applied using SPSS (version
21). Charts and tables as well as descriptive statistical indices such as mean and median were used to
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present data. Parametric (t- test, ANOVA, correlation and regression) and non-parametric (Chi square,
Fisher Exact, Mann Whitney U test and Kruskal Wallis) statistical tests were used for comparing different
groups based on the distribution and deviation characteristics of the data. R statistical software was
used to estimate basic reproductive numbers (R0) based on the details obtained from contact tracing
data, and to �t predictive models.

We considered maximum mean duration of 7 days based on previous publications which reported mean
SARS-CoV-2 incubation period of 5.5 and a maximum of 14 days [7-8]. Mean duration of symptoms
presentation among patients (n=48) in our study was calculated (Mean = 6.4, Sd= 6.6, Min=1, Max=30).
Our search did not �nd any measure reported for the convalescent duration of COVID 19 (as of August 15,
2020), and we assumed at most 7 days for this stage of infection, giving an overall duration of 21 days
of novel coronavirus infectiousness. This estimation is similar to what is reported by Long et al. Long et
al reported the median duration of viral shedding in the asymptomatic COVID 19 Patients as 19 days
(interquartile range (IQR), 15–26 d) [9]. Further, Wu et al reported a median disease duration of 22 (IQR,
18-26) days for SARS-CoV-2 patients [10].  

We divided our participants’ contacts based on their social relationship (living status) as household and
non-household. We calculated probabilities of transmission for each household contact (people who were
living with primary case in one house) and each non-household contact (people who were not living with
the primary case in the same house).    

Our model calculated the basic reproductive number based on aforementioned contact characteristics
and 95% con�dence interval was also reported. The results also include household and non-household
SARs of the infection (SARS-CoV-2).  

Regarding study objectinves, some characteristics of SARS-CoV-2 infection were calculated including the
proportion of COVID 19 asymptomatic secondary cases, the infection serial interval, the probability of
transmission per each contact, and the local average number of contacts of each primary case.    

Results
Table 1 shows some characteristics of participants in the two groups of SARS-CoV-2 patients (primary
cases, n=48) and their contact cases (n=453) in groups of household and non-household. Forty-eight
laboratory con�rmed SARS-CoV-2 infections were detected in the only university hospital of Rafsanjan
(local population = 320,000), (March and April 2020), among whom 9 (18.8%) were asymptomatic. Mean
age of patients and contact cases were 53.0±18.2 (median = 50.5, Min=25, Max=95), and 30.77±19.3
(median = 31, Min=1, Max=91) years, respectively.  All contact cases of 40 primary cases were followed
for three months beginning from each SARS-CoV-2 patient laboratory diagnosis date. Contact tracing
identi�ed 453 contact cases including the two groups of 206 household and 247 non-household contact
cases.  Among primary cases (n=48), the �rst most common symptoms were cough (10, 21%), fever and



Page 7/21

chills (10, 21%). First symptom of SARS-CoV-2 in one primary case was eye irritation (1, 2%). Nine (18.8%)
SARS-CoV-2 primary cases were asymptomatic (Table 2).

 

The number of primary cases contacts;

Our results showed that some contact cases were permanently living with a primary case. We counted
such contact case as only one permanent contact per day.  Contacts were recorded based on the three
stages of ; 1- incubation period = 7 days, 2- illness period = 6.4 ≈ 7 days and 3- convalescent period = 7
days. Overall number of contacts during incubation period was 1348. Since, data of 63 contact cases
was not, completely recorded, we divided the overall number of contacts to 34.5 instead of 40 primary
cases. The mean number of contacts was 39.1 giving 5.6 (39.1/7 = 5.6 ≈6) daily contacts for each
primary case during the incubation period. The number of daily contacts in the illness period and
convalescent period were estimated similarly, applying the same method, giving 5.6 (≈6) and 5.4 (≈6)
contacts per day, respectively.   

 

SARS-CoV-2 household and non-household SARs;

Further, household and non-household SARs among contact cases along with 95% con�dence interval
are reported in table 3. Our results of serology analysis (IgG antibody) showed an overall attack rate of
15.3% (95%CI; 10.9 - 19.7). Our results demonstrated that the SAR increased when the age of contact
cases increased (Table 4). Household and non-household SARs of SARS-CoV-2 infection were 20%
(95%CI; 12.7 – 27.3) and 11.3% (95%CI; 6.1 - 16.5), respectively.  The risk of infection transmission
among household contact cases was 1.41 (OR = 1.41, 95%CI; 0.96-2.1) times higher than that risk among
non-household contact cases.

 

The proportion of asymptomatic COVID 19 infections;

Among traced contact cases with serology results (n=257), 18 secondary cases were infected without any
symptoms giving about 9.5% of contact cases who were asymptomatic. On the other hand, this group of
secondary cases (n=18), consist 46% of all infected secondary cases.       

Out of 257 participants with the results of serology analysis, 25 were exposed to asymptomatic primary
cases of which 7 (28%, 95%CI; 10-46) were IgG positive. whereas,  among 232 participants exposing to
symptomatic primary cases, there were 32 (13.8%, 95%CI;9.4- 18.2) IgG positive participants.
Transmission risk of SARS-CoV-2 among contact cases exposing to asymptomatic patients was
signi�cantly higher than that among contact cases exposing to symptomatic primary cases (OR = 2.3, CI:
1.01 – 4.11). 
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How long antibodies against SARS-CoV-2 infection may last?

Mean duration past from exposure (contact to primary cases) between the two groups of contact cases
with (≥1) and without (<1) IgG antibodies (40.5±15.9 and 36.9±15.2, respectively) were not signi�cantly
different.  There was also no signi�cant correlation between the titer of IgG and the time past from the
exposure among contact cases showing that antibodies against SARS-CoV-2 infection would remain for
a long time in the serum of recovered people.

SARS-CoV-2 serial interval;

The time distance between the date of the �rst symptom of primary cases (SARS-CoV-2 patients) and the
date of the �rst symptom of secondary cases was measured. Mean SARS-CoV-2 serial interval was
6.4±4.6 (95% CI; 5.21 – 7.6) days with a median of 5 days (Min=1, Max=17 days).

Comorbidity effect on SARS-CoV-2 transmission;

There was no higher risk of becoming infected by SARS-CoV-2 infection due to having comorbidity as the
two proportions of people with IgG ≥1 among participants with and without comorbidity (13.7% and
15.5%, respectively) were not statistically different.  However, among traced contact cases with serology
results (n= 257), 19 were suffering from hypertension and were more probable to have positive results of
IgG (31.6%, n=6) comparing to participants who did not reported this health problem (13.9%, 33 out of
238) (OR= 2.9, 95% CI; 1.02 – 8.7).

 

Novel coronavirus transmission probability per each contact;

In order to measure the probability of infection transmission per each contact (Pt), the number of
contacts with primary cases among participants with serological analysis was registered. The number of
contacts were recorded based on the three stages of SARS-CoV-2 patients infectiousness; 1- incubation
period  (Ninc) = 645 (7 days), 2- illness period (Nill)= 644 (6.4≈ 7 days) , and 3- convalescent period (Ncon)
= 613 (7 days). Also, the number of infected secondary cases (Nsec)= 39.

    Pt = Nsec / Ninc + Nill + Ncon

Pt = 39/645+644+613 = 0.0205

The overall probability of SARS-CoV-2 transmission per each contact is about 0.0205. The probability of
SARS-CoV-2 transmission per each household and non-household contacts were 0.0161 and 0.0337,
respectively.  

The basic reproductive number of SARS-CoV-2 infection (R0);
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Regarding aforementioned indices derived from our results, it was possible to �t suitable models to
predict SARS-CoV-2 infection spread in human populations. We used statistical software of R to provide
models.

R0 = P*C*D

Where, P, C and D stand for the probability of transmission per each contact, the number of contacts per
unit time (day) and the duration of SARS-CoV-2 infectiousness, respectively.

Figure 2 shows, regression models illustrating the extend of which the value of R0 depends on the number
of household and non-household daily contacts among contact cases. This model predicts the size of
change in R0 value when the number of daily contacts to infected cases decreases in household and non-
household contact cases.  

Our data also demonstrated the size of reduction in R0 value according to decreasing the duration of
symptoms (illness period) among infected cases (�gure 3).

Discussion
The most common symptoms at onset of illness were similar to what is reported by many other
publications [11-13]. Interestingly, the �rst symptom of the infection in one of our patients was eye
irritation and nine (18.8%) SARS-CoV-2 patients (out of 48) were asymptomatic.

Close follow up of primary cases and their contact cases in this survey helped us to calculate almost
accurate values for both the number of contact cases and the number of contacts for each primary case.
The accuracy of these values was important in prediction of infection spread in the community as well as
the extent of the herd immunity we need to control the spread of the SARS-CoV-2 infection.

As it is shown, serological analysis could help with contact tracing in urban regions and also useful for
estimating the proportion of asymptomatic infected individuals [4]. Secondary cases in our study were
detected based on the serum level of IgG speci�c antibody of 1 or higher. Suhandynata demonstrated
high positive prediction value of IgG and IgM serologic results detecting real SARS-CoV-2 secondary
cases [14]. 

Attack rate of SARS-CoV-2 infection in our study was 15.3% (household and non-household secondary
attack rates were 20% and 11.3%, respectively). This �nding is close to the results reported by Jing et al.3

Wanga et al reported a secondary transmission rate among household contacts of SARS-CoV-2 patients
of 30% [15]. A systematic review conducted by Shah et al, presented a list of COVID 19 secondary attack
rates reported in different regions of related surveys with a very wide range (minimum of 6% in South
Africa a maximum of 49.56% in East Asia and Paci�c) [16]. Our results as the �rst report of its type in
Middle East, is based on serological analysis, whereas most of attack rates reported by Shah et al are
estimated based on different methods. Also, Moscola et al reported 13.7% (95% CI, 13.4%-14.0%) of US
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health care personnel were seropositive. However, this result might be unreliable to be compared with our
results for which we assure that contact cases in our study were de�nitely in contact with infected
primary cases. Their results also showed that only about 94% of PCR positive personnel were
seropositive illustrating high sensitivity of our serology analysis [17].

What we found about the proportion of contact cases who might convert to asymptomatic secondary
cases plays vital role to �t models for predicting the future spread of SARS-CoV-2 infection in the
community. Our �ndings showed that about 10% (9.5%) of all contact cases become infected and
generates antibodies against SARS-CoV-2 infection without any symptoms. Asymptomatic cases also
consist 46% of all secondary cases based on our results. This shows 46% of secondary cases who were
infected showed no symptoms and could spread the novel coronavirus into the community without
laboratory detection. This is suitable explanation to the new wave of the epidemic in many countries. If
we put the attack rate equal to 15.3, beside this �nding, there might be proper explanation for the
situation of spreading the novel coronavirus in human communities, so far. Asymptomatic cases spread
SARS-CoV-2 infection in communities, without detection.  Shah et al concluded that asymptomatic cases
in comparing to symptomatic cases, have a lower risk of spreading the infection [16], whereas this is not
in concordance with our results. We showed that secondary attack rate among contact cases exposed to
asymptomatic primary cases (28%) was signi�cantly higher (OR=2.3, CI: 1.01 – 4.11) than that among
contact cases exposing symptomatic cases (13.8%).  However, what is reported by Long et al, justi�es our
results [9]. Therefore, health policy makers would pay even more attention to asymptomatic novel
coronavirus infections in terms of controlling the pandemic. Further, the titer of serum antibodies against
SARS-CoV-2 in asymptomatic and non-asymptomatic cases was not signi�cantly different, in our survey.

As of today (August 20, 2020), no data is reported to clarify the duration of immunity after infection
recovery. Although, in our study contact cases were followed for at most three months, our result could
showed natural acquired active immunity against SARS-CoV-2 infection would protect recovered cases
for a considerable duration. 

In our study, SARS-CoV-2 serial interval was 6.4 (Median=5) days. Nishiura et al, reported the mean and
the median serial interval for SARS-CoV-2, as 4.7±2.9 and 4 days, respectively [18]. Similar to the results
of Nishiura et al, median serial interval in our survey is shorter than mean incubation period (7.32±6.7
days) illustrating that transmission was, often, taken place before the onset of symptoms (i.e. during
incubation period).

Based on our results, those contact cases who were suffering from hypertension, were at, signi�cantly
higher risk of SARS-CoV-2 infection (OR= 2.9, 95% CI; 1.02 – 8.7). Although, many studies con�rmed
higher risk of mortality due to SARS-CoV-2 infection among patients who also were suffering from
hypertension, diabetes, cardiovascular diseases, and etc, as a comorbidity [19-20], no survey reported
increased risk of becoming infected by novel coronavirus due to comorbidity. However, our results
suggest more investigation should be conducted to shed a light on it.
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Accuracy of the probability of SARS-CoV-2 infection transmission estimated in our survey play vital role
in �tting the model of predicting the novel coronavirus spread in the community. We estimated the
amount of R0 of SARS-CoV-2 infection which was 2.58. Based on this value of R0, between 60 to 65% of
the population should be immune (as the herd immunity) for controlling the epidemic. Although human
communities’ characteristics have profound effect on R0, and a wide range of R0 is reported by different
authors, our estimation is very close to the results of Wu et al who reported an estimation of 2.68 (95% CrI
2·47–2·86) for SARS-CoV-2 infection R0 in China [21].

Direct association between R0 value and the two factors of the number of daily contacts and the duration
of illness period helps health policy makers to estimate the effectiveness of their actions for controlling
the spread of SARS-CoV-2 infection.

Although our �ndings shed more light on the speci�c characteristics of SARS-CoV-2 infection, some
limitations exist. First, we have no idea about the probability of secondary cases detection which might
be the serological result of false positive, or missing cases with false negative serology results, which
could lead to overestimation or underestimation of the indices.  Second, as long as there was no clear
report of the duration of convalescent period, we considered a mean of 7 days, based on our experience
and the consultation we received from others, for this stage of the infection.

Conclusions
We concluded a herd immunity between 60 and 65% is needed in human communities. Findings
demonstrated how much reduction in infection R0 is predicted based on both clinical and public health
interventions.
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Tables
Table 1; Some characteristics of participants in the two groups of COVID 19 patients (primary cases) and
their contact cases in the two groups of household and non-household.
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Characteristics

 

Primary cases

N                    %

Contact cases*

Household

N                     %

Non-household

N                     %

Total

N                   %

Age

-          <50

-          50-59

-          ≥60

 

21             
43.8

9               
18.8

18             
37.5

 

159                 82.4

17                     8.8

17                     8.8

 

196              83.8

18                  7.7

20                  8.5

 

355              83.1

35                  8.2

37                  8.7

Gender

-          Male

-          Female

 

21             
43.8

27             
56.3

 

107                51.9

99                  48.1

 

121               49.0

126               51.0

 

228                
50.3

225                
49.7

Job

-          No job

-          Housekeeper

-          working

 

6               
12.5

17             
35.4

25             
52.1

 

62                  32.1

45                  23.3

86                  44.6

 

76                  32.9

47                  20.3

108               
46.8

 

138                
32.5

92                   21.7

194                
45.8

Educational status

-           ≤ primary

-         Intermediate

-        ≥high school

 

14             
29.2

6               
12.5

28             
58.3

 

44                   25.7

24                   14.0

103                 60.2

 

49                 22.8 

32                 14.9

134               63.3

 

93                24.1

56                14.5

237              61.4

Infection

-         
Asymptomatic

-          Symptomatic

 

9               
18.8

39             
81.3

 

156                75.7

50                  24.3

 

197               79.8

50                 20.2

 

353              77.9

100              22.1

Family size

-          <4

 

15             
31.3

 

54                   
27.7

 

65                 21.7

 

119              27.4
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-          ≥ 4 33             
68.7

141                 72.3 175               78.3 316              72.6

*- In case of some factors, some cases are missing.

 

 

 

Table 2: Frequency distribution of COVID 19 patients (primary cases) based on the type and the mean
duration of the �rst SARS-CoV-2 infection symptom.

Max Min Mean Duration (days) ± Sd N                   %

 

First symptom

 

12 1 4.9 ± 3.3 10             20.8 Fever, chill

28 1 8.2 ± 8.6 10             20.8 Cough

12 1 5.2 ± 3.9 6               12.5 Body pain

30 1 8.5 ± 11.0 6               12.5 Fatigue, weakness,

14 2 7.0 ± 6.2 5               10.4 Sore throat

4 4 4.0 ± NA 1                 2.1 Headache

1 1 1.0 ± NA 1                 2.1 Eye irritation

- - - 9               18.8 No symptom

30 1 6.4 ± 6.6 48              100 Total

 

 

Table 3; Secondary attack rates among contact cases in the two groups of household and non-household
along with 95% con�dence interval
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Characteristics

Primary
cases

No. of infected / all exposed cases (Secondary attack rate*,
95% CI)     

       Household                       non-household                      overall

Age

-          <50

-          50-59

-          ≥60

 

18/40 (45)

7/40 (17.5)

15/40
(37.5)

 

13/82 (15.9, 8-24)

3/11 (27.3, 1-54)

6/10 (60, 30-90)

 

10/110 (9.1, 4-14)

3/11 (27.3, 1-54)

2/14 (14.3, 4-33)

 

23/192 (12, 7-17)

6/22 (27.3, 9-46)

8/24 (33.3, 14-52)

Gender

-          Male

-          Female

 

19/40
(47.5)

21/40
(52.5)

 

11/62 (17.7, 8-27)

12/53 (22.6, 11-
34)

 

6/66 (9.1, 2-16)

10/76 (13.2, 6-21)

 

17/128 (13.3, 7-19)

22/129 (17.1, 11-
24)

Job

-          No job

-         
Housekeeper

-          working

 

6/40 (15)

11/40
(27.5)

23/40(57.5)

 

12/56 (21.4, 11-
32)

5/30 (16.7, 3-30)

3/18 (16.7, 1-34)

 

8/62 (12.9, 5-21)

4/34 (11.8, 1-23)

4/36 (11.1, 1-21)

 

20/118 (16.9, 1-24)

9/64 (14.1, 6-23)

7/54 (13, 4-22)

Educational
status

-          ≤ primary

-         
Intermediate

-          ≥high
school

 

13/40 (32.5,
)

4/40 (10)

23/40(57.5)

 

6/12 (50, 22-78)

10/52 (19.2, 8-30)

3/18 (18.8, 1-37)

 

2/20 (10, 3-23)

5/52 (9.6, 2-18)

3/21 (14.3, 1-29)

 

8/32 (25, 10-40)

15/104 (14.4, 8-21)

6/36 (16.2, 4-28)

Months

-          March

-          April

 

16 (34.8)

30 (65.2)

 

10/38 (26.3, 12-
40)

13/69 (18.8, 10-
28)

 

6/70 (8.6, 2-15)

10/69 (14.5, 6-23)

 

16/108 (14.8, 8-21)

23/138 (16.7, 10-
23)

Infection

-         
Asymptomatic

-         
Symptomatic

 

8/40 (20)

32/40 (80)

 

12/85 (14.1, 7-54)

11/30 (36.7, 19-
54)

 

6/106 (5.7, 1-10)

10/36 (27.8, 13-
42)

 

18/191 (9.4, 5-14)

21/66 (31.8, 21-43)
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Family size

-          <4

-          ≥ 4

 

12/40 (30)

28/40 (70)

 

11/28 (39.3, 21-
57)

10/76 (13.2, 6-21)

 

5/35 (14.3, 3-26)

11/103 (10.7, 5-
17)

 

16/63 (25.4, 15-36)

21/179 (11.7, 7-16)

 

Data are n/N (%) or secondary attack rate (95% CI). When household was de�ned on the basis of close
relatives (people who are living with the patients in the same house). *Calculated as the number of
secondary cases divided by the sum of secondary cases and non-cases.

 

Table 4; Secondary attack rates among contact cases based on the serological analysis results (IgG titer)
and age.

Age groups IgG titer  

Total

N                        %

Negative (<1)

 N                      %

Positive (≥1)

 N                        %

<10 9                       100 0                          0.0 9                    100

10-19 32                    88.9 4                          11.1 36                  100

20-39 93                    86.9 14                       13.1 107                100

40-59 51                    82.3 11                       17.7 62                  100

≥60 16                    66.7 8                          33.3 24                  100

Total 201                  84.5 37                       15.5 238                100

Chi Square test showed signi�cant difference of IgG positive proportions of different age groups (χ2 =8.2,
df= 3, p<0.05)

 

Figures
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Figure 1

The �owchart of recruiting SARS-CoV-2 patients and contact cases in the present cohort study.
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Figure 2

Regression models showing the correlation between R0 values and the number of daily contacts among
household (red line) and non-household (blue line) contact cases.
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Figure 3

Regression models showing the correlation between R0 values and the duration of symptoms (illness
period) among infected cases (days) among household (red line) and non-household (blue line) contact
cases.


