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INTRODUCTION

The coronavirus disease 2019 (COVID-19) is an acute
respiratory infection caused by SARS-Cov2. The disease

was first reported in December 2019 in Wuhan, China, and

Background: The risk for transmission of COVID-19 to people in close contact
with infected people, especially healthcare workers, has not been well
estimated. Therefore the present study was conducted to assess the household
secondary attack rate (SAR) of COVID-19 among healthcare workers and
related factors.

Materials and Methods: The present prospective case-ascertained study was
conducted on 202 healthcare workers with confirmed COVID-19 in Hamadan ,
diagnosed from March 1, 2020, to August 20, 2020. For households with close
contact with the index case, RT-PCR was performed regardless of symptoms.
We defined SAR as the proportion of secondary cases from the total contacts
that live in the index case household. SAR was reported as a percentage and
95% confidence interval (CI). Multiple logistic regression was performed to
explore the predictors of COVID-19 transmission of index cases to their
households.

Results: We found 36 secondary cases out of 391 household contacts with
laboratory confirmation (RT-PCR), representing a household SAR of 9.2% (95%
CI: 6.3, 12.1). Among factors related to the family member, female gender (OR:
2.9, 95% CI: 1.2, 6.9), being the patient's spouse (OR: 2.2, 95% CI: 1.0, 4.6), and
living in the apartment (OR: 2.78, 95% CI: 1.24, 6.23), and among factors related
to index cases, hospitalization (OR: 5.9, 95% CI: 1.3, 26.9) and caught (OR: 2.4,
95% CI: 1.1, 5.2) were the significant predictors of disease transmission to other
family members (P<0.05).

Conclusion: The findings of this study suggest that the SAR is remarkable in
household contacts of infected healthcare workers. Some characteristics of
family members of the index case, including female gender, being the patient's
spouse, and living in the apartment, and some characteristics of the index case,

including hospitalization and caught, were associated with the increased SAR.
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has gradually spread worldwide (1). The elderly and
people with underlying diseases, such as cardiovascular

disease, chronic pulmonary disease, high blood pressure,
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diabetes, and cancer, are at greater risk of developing the
disease and its related complications (2).

Epidemiological studies on the COVID-19 epidemic can
play a valuable role in controlling the epidemic and
providing robust evidence to health policymakers for
timely and effective planning to control the epidemic (3).
COVID-19 is an emerging infectious disease with many
unknown epidemiological aspects, and epidemiological
studies are needed to address the ambiguities associated
with the disease (4).

Although our knowledge regarding the epidemiologic
and clinical characteristics of the disease has increased
significantly compared to the beginning of the epidemic (2,
5), there are essential ambiguities regarding the control of
the epidemic (6), including the transmissibility rate, patient
characteristics associated with increased infectivity,
susceptibility to increased risk of infection, and the
proportion of asymptomatic infected cases. Many COVID-
19 patients have mild symptoms or are asymptomatic and
remain at home without hospitalization; therefore, close
contact management is an essential factor in controlling the
disease (7).

The possibility of contracting COVID-19 at home is
higher due to continuous and direct contact with family
members, less use of personal protective equipment, living
environment, and common food and toilet (8, 9). The risk
for transmission of COVID-19 to people with close contact
with infected people, especially healthcare workers, has
not been well estimated. Therefore the present study was
conducted to assess the household secondary attack rate
(SAR) of COVID-19 among healthcare workers and its

related factors.

MATERIALS AND METHODS

The present prospective case-ascertained study was
conducted on 202 healthcare workers affiliated with the
Hamadan University of Medical Sciences diagnosed with
COVID-19 from March 1, 2020, to August 20, 2020. Patients
with positive real-time reverse transcriptase polymerase

chain reaction (RT-PCR) results for samples obtained from

upper respiratory nasopharyngeal swabs were enrolled in
the study.

For households with close contact with the index case,
RT-PCR was performed regardless of symptoms, and their
serum IgG and IgM were checked. Family members with a
previous infection with COVID-19 and no close contact
with the index case during incubation or the disease period
were considered exclusion criteria.

The study protocol was approved by the Ethics
Committee of Hamadan University of Medical Sciences.
The data regarding the gender, marital status, age, BMI,
education, location, type of accommodation, coughing,
underlying disease, treatment type, treatment result,
family member, and living area of index cases and also
data regarding the gender, marital status, age, BMI
category according to WHO classification (below 18.5:
underweight, 18.5-24.9: average weight, 25-29.9:
overweight, and >30: obese), education, living area, type of
accommodation, smoking status, underlying disease, daily
contact with the index case and family relationship with
the index case of their family members were collected.

We defined SAR as the proportion of secondary cases
from the total contacts living in the index case household
(7). For estimating the SAR, we put the number of exposed
contacts in the denominator, and the number of family
members who were infected with SARS-CoV-2 or
developed COVID-19 (through RT-PCR) during the
infectious period of the case patient (from the disease onset
until two weeks later) in the numerator. We considered
household contacts as individuals who were either family
members or close relatives living in the same household
and having close contact with the confirmed case.

To determine the serum levels of IgG and IgM
antibodies of COVID-19, about 5 cc of blood were taken
from participants. For serological tests, serum samples
were collected and stored at -30 ° C and then serum levels
of IgG and IgM antibodies were assessed using Pishtaz Teb
ELISA kits (Iran).

Descriptive statistics were reported as number and

percentage for categorical variables and mean and
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standard deviation for continuous variables. SAR was
reported as a percentage and 95% confidence interval (CI).
Multiple logistic regression was performed to explore the
association = between  demographic and  clinical
characteristics of index cases and their family members
and the risk for COVID-19 transmission to their
households. We used Hosmer and Lemeshow approach for
model building. This approach describes a purposeful
selection of covariates for multiple model building, and
those with a p-value less than 0.2 in the crude model were
entered into the multiple model. Statistical analyses were
done using Stata version 14 software (Stata Corp LP,
College Station, TX, USA). A significant level was

considered less than 0.05.

RESULTS

In the present study, 202 COVID-19-positive healthcare
workers participated, of whom 118 cases (54.2%) were
male, and most were married (80.7%). Also, 97.5% were
successfully treated, and 135 cases (66.8%) did not report
any underlying disease. The baseline characteristics of
COVID-19-positive index cases are shown in Table 1.

We found 36 secondary cases with laboratory
confirmation (RT-PCR) among 391 household contacts
representing a household SAR of 9.2% (95% CI: 6.3, 12.1).

The median (IQR) of IgG and IgM of family members
with close contact with the index case was 0.3 (0.9) mg/ml
and 0.1 (0.4) mg/ml, respectively. In 11 cases (2.8%), the
IgM was positive (>1.1 mg/ml), and two of them had
negative PCR. The baseline characteristics of the
investigated family members of COVID-19-positive cases
are presented in Table 2. Out of 391 cases, 197 subjects
(50.4%) were male, 231 subjects (59.1%) were married, and
377 subjects (96.4) were living in the city. Nearly 15% were
60 years old, and 133 cases (34.0%) had academic
education. Also, 308 cases (78.8%) did not report any
underlying disease. The mean (SD) of their contact with the

case was 4.9 (4.1) hours.
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In the multiple logistic regression analysis (Table 3), we
assessed the risk factors of secondary cases. Among factors
related to the family member, female gender (OR: 2.9, 95%
CIL: 1.2, 6.9), being the patient's spouse (OR: 2.2, 95% CI: 1.0,
4.6), and living in the apartment (OR: 2.8, 95% CI: 1.2, 6.2),
and among factors related to index cases, hospitalization
(OR: 5.9, 95% CI: 1.3, 26.9) and coughing (OR: 2.4, 95% CI:
1.1, 52) were the significant predictors of disease

transmission to other family members (P<0.05).

Table 1. Characteristics of COVID-19 positive index cases

Variable Levels Frequency (%)
Male 118 (58.4)
Gender Female 84 (41.6)
Single 29 (14.4)
Marital status Married 163 (80.7)
Widow 10 (5.0)
<30 17 (8.4)
Age group (year) 30-44 71(35.2)
>45 114 (56.4)
Underweight 1(0.5)
BMI (Kgim?, Normél 65 (32.2)
Overweight 105 (52.0)
Obese 31(15.4)
Less than diploma 24 (11.9)
Education Diploma 83 (41.1)
Academic 95 (47.0)
Location Urban 197 (97.5)
Rural 5(2.5)
Type of accommodation Apartment 106 (525)
House courtyard 96 (47.5)
Cough symptom Yes 126 (62.4)
No 76 (37.6)
No 135 (66.8)
Pulmonary disease 16 (7.9)
Cardio-vascular disease 11 (5.5)
Underlying disease Diabetes 16 (7.9)
Cancer 3(1.5)
Co-morbidity* 3(1.5)
Other"™ 18 (8.9)
Outpatient treatment 44 (21.8)
Treatment type L
Hospitalized 158 (78.2)
Treatment result Remission 197 (97.5)
Death 5(2.5)
Family member, Mean (SD) 37(1.9)
Home area (m2), Mean (SD) 135 (62.0)

* Simultaneous infection with two or more Pulmonary, Cardio-vascular, diabetes or cancer

diseases, **Liver disease or immune system dysfunction or renal failure
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Table 2. Characteristics of investigated family members with close contact to

Table 3. Predictors of confirmed secondary COVID-19 cases

index cases
Variable Adjusted Odds ratio’ 95% Cl P.Value
Variable Levels Frequency (%) Factors related to the family member
Male 197 (50.4) Gender
Gender
Female 194 (49.6) Male Reference
Single 152 (38.9) Female 29 1.2,6.9 0.02
. ) Education
Marital status Married 231(59.1) Academic Reference
Widow 8(2.1) lliterate 34 09,13.0 0.07
<15 62 (15.9) Less than diploma 1.4 0.5,4.0 0.58
15-29 71(18.2) Diploma 1.8 0.6,5.3 0.28
Relationship with the patient
Age group (year 30-44 118 (30.2
ge group (year) 30.2) Other Reference
45-59 85(21.7) Spouse 2.2 1.0,4.6 0.04
60+ 55 (14.1) Smoking
Underweight 65 (16.6) Underlying disease
Normal 156 (39.9) No Reference
BMI (Kg/m3
(Kg/m?) Overweight 117 (30.9) Yes 22 0.7,6.4 0.17
House type
Obese 53(136) House courtyard Reference
lliterate 43(11.0) Apartment 2.8 1.2,6.2 0.01
) Less than diploma 123 (31.5) Factors related to the index case
Education Diploma 92 (23.5) Treatment type
Academic 133 (34.0) Outpatient treatment Reference
Hospitalized 5.9 1.3,26.9 0.02
Urban 377 (96.4) Havi ht "
Location aving caught symptom
Rural 14 (3.6) No Reference
Yes 13(3.3) Yes 24 11,52 0.03
Smoking status
No 378 (96.7)
No 308 (78.8) ‘Adjusted for other variables in the model
Pulmonary disease 6(1.5)
i DISCUSSION
Cardio-vascular 25 (6.4)
disease In this study, we investigated the household SAR of
Underlying disease Diabetes 15(3.8) COVID-19 and associated factors among healthcare
Cancer 5(19) workers. Household SAR in this study was 9.2%, and
Co-morbidity" 10 (2.6
d 26) among the factors related to the family members, female
Other* 22 (5.6) o b N 41 .
ender, being the patient's spouse, and living in the
Child 124 (31.7) & & P P &
Grandchild 9(23) apartment, and among the factors related to index cases,
Parents 58 (14.8) hospitalization and coughing were the significant
Family refationship with the index Grandparents 14 (3.6) predictors of disease transmission from the index case to
case
Spouse 163 (41.7) other family members.
Brotherlsister 16 (41) A meta-analysis showed that the household SAR varied
Other 7018
18) from 4.6% in Taiwan, with the lowest incidence, to 49.6%
Daily contact with the index case (hour), Mean (SD) 4.9 (4.1)

* Simultaneous infection with two or more Pulmonary, Cardio-vascular, diabetes or cancer

diseases, **Liver disease or immune system dysfunction or renal failure

in China, with the highest incidence. In this study, the
majority of included studies reported household SAR of

less than 20% (10). In a recent meta-analysis of Madewell et
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al., the SAR ranged from 3.9% in Australia to 44.6% in Italy
(the overall SAR was 19%) (11).

The time of study and consequently, changes in the
level of public awareness about the disease can justify
these varieties. On the other hand, our study was
conducted on healthcare workers, and the relatively low
rate of SAR in our study could be due to their high level of
awareness about the disease and more compliance with
health standards. Jing et al. reported that the household
SAR varied from 13.8% if household contacts are defined
as all close relatives to 19.3% if household contacts only
include those at the same residential address as the case
(12). Therefore, some disagreements can be due to different
definitions of SAR in different studies. In our study,
women were vulnerable to SAR. While in this study, there
was no gender difference in the risk of infection (12).
However, Shah et al. (10) reported that spouses were the
most vulnerable individuals in the household to COVID-
19, which was in line with our findings. The higher
vulnerability of these groups can be due to their
involvement in the care of patients, which may result in
constant close contact with the patients and, consequently,
more prolonged exposure to the virus (13, 14). Staying
longer at home due to household responsibilities can be
another justification for women's higher chance of SAR.
Moreover, Li et al. showed the presence of SARS-CoV-2 in
semen (15). Although more studies are required to
investigate the role of sexual contact on COVID-19
transmission.

We found that patients with cough were more likely to
transmit the disease to other family members with close
contacts. This finding is in line with the results of the meta-
analysis by Shah et al., in which the SAR for symptomatic
cases was 3.2 fold higher (10). Moreover, Madewell et al.
reached similar findings (11). However, asymptomatic
index cases are also important drivers of COVID-19 (16,
17).

The limitations of this study were as follows: First, in
this study, the index cases were restricted to the

economically productive age of society, and we could not
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assess the SAR for the child's index case. Second, given the
presence of family members outside, it is difficult to
distinguish whether they became ill due to exposure to the
case index or other cases in the community. Third, some
other unknown factors of transmission as a confounder can
be present in the household contacts of this new disease,
and finally, we did not examine the use of personal
protective equipment, such as masks by family members in
contact with the index case, which can be an essential

factor in the transmission of the disease.

CONCLUSION

The findings of this study suggest that the SAR in
household contacts of infected healthcare workers is
remarkable. SAR in household contacts is elevated in
females, the patient's spouse, and those living in the
apartment regarding family members, and in index cases,

hospitalization and having a caught are important factors.
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