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1. INTRODUCTION

COVID-19 is an infectious disease caused by SARS-CoV-2. The 
disease has caused a global pandemic, affecting people in more 
than 200 countries to date [1]. As of November 11, 2020, approxi-
mately 51,251,715 people have tested positive for the disease, and 
1,270,930 (2.48%) of these cases had died [1]. In Saudi Arabia, 
approximately 351,455 positive cases were detected as of November 
11, 2020, with a mortality rate of 1.59% [1].

Case definitions and clinical evaluations are crucial to confirm if 
an individual’s reported symptoms and signs are compatible with 
COVID-19 infection, and to subsequently decide if the individual 
should be isolated or tested [2]. The incubation period ranges from 
5 to 14 days, with a variety of reported symptoms such as fever, 
cough, fatigue, muscle aches, headache, loss of taste or smell, sore 
throat, conjunctivitis, rash, diarrhea, or more severe manifesta-
tions such as shortness of breath, chest pain, and loss of speech or 
movement [3].

The transmission dynamics for this novel pathogen differs across 
countries and populations. Although the majority of the cases 
were community-acquired transmissions, there were countries that 
reported clustered and sporadic spread as well [4]. To date, scien-
tists and public health experts have no solid evidence to confirm 
the exact etiology and mechanism of disease transmission; how-
ever, epidemiological trends of positive cases have provided some 
clues on possible risk factors for COVID-19 infection. As people’s 
susceptibility to COVID-19 differ across settings or conditions, it 
is crucial to identify vulnerable individuals who require quarantine 
or targeted testing to contain the outbreak. Various reports in the 
literature have noted clustering of household members who were 
in contact with COVID-19 patients [5–7], and those who lived or 
communicated with confirmed COVID-19 patients were observed 
to be highly prone to infection [8]. These transmissions were likely 
to occur through cough, sneeze, or direct contact with the virus 
on contaminated surfaces [9]. In asymptomatic infected individu-
als, the absence of symptoms may lead them not to be screened or 
remain undetected. Such conditions may predispose asymptomatic 
close contacts to become an important source of explosive virus 
transmissions, which substantially warrants strict monitoring of 
close contacts via early screening and detection [10]. Older people 
and people with comorbidities such as diabetes, obesity, or hyper-
tension had greater risk for COVID-19 infection [11]. Having close 
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A B S T R AC T
This study was aimed to determine the risk factors associated with COVID-19 infection among contacts of index cases in Saudi 
Arabia. This unmatched case–control study was conducted among contacts of confirmed COVID-19 cases in April and May 
2020 in Al-Madinah, Saudi Arabia. A total of 118 cases and 115 controls were included in this study. All cases and controls were 
interviewed via telephone by using a structured questionnaire that included two sections. The first section included participants’ 
personal and demographic information, and the second part included questions on the degree of distancing and the duration 
of contact prior to the appearance of the first symptom, seasonal influenza vaccination, and the nature of the relationship with 
the index case patient. The majority of cases (83.1%) and controls (67.2%) were males. The mean standard deviation age for the 
whole sample was 35.3 (10.6) years, and their ages ranged from 18 to 63 years. In the multivariate analysis, the risk for COVID-19 
infection was increased by age [Adjusted Odds Ratio (aOR) = 2.2; 95% Confidence Interval (CI), 1.1–4.8, p = 0.046], and was 
higher among family members (aOR = 10; 95% CI, 3.3–20.0; p = 0.001), coworkers (aOR = 20.0; 95% CI, 4.4–50.0; p < 0.001), and 
those who communicated with an index case at a distance of <1.5 m (aOR = 4.3; 95% CI, 1.9–9.8; p = 0.001).
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contacts with infected people, living circumstances in confined 
spaces, and nonadherence to protective behaviors such as use of 
face masks, hand hygiene, physical distancing, and type of contacts 
with index cases have been postulated to escalate the risk of infec-
tion [2,12,13]. This study was aimed to determine the risk factors 
associated with COVID-19 infection among contacts of index cases 
in Saudi Arabia.

2. MATERIALS AND METHODS

2.1. Study Design, Setting, and Participants

This unmatched case–control study was conducted among con-
tacts of confirmed COVID-19 cases during April and May 2020 in 
Al-Madinah, Saudi Arabia. The study recruited 124 primary cases 
of COVID-19 as the source of infection (index cases). The con-
tacts of those patients were followed up. An infected contact was 
recruited as a case. For each case, a control was selected from the 
panel of contacts within the same primary case after being tested 
negative for the second time within 14 days, after the first test 
result. As the COVID-19 incubation period was thought to extend 
up to 14 days [14–16], the current study followed the WHO Clinical 
Interim Guidelines that assured post-14 days as free of COVID-19 
infectiousness [17]. This ensured that the recruited controls were 
free from the disease.

The case and control group information was obtained from the 
Public Health Administration of Saudi Arabia together with a 
list of telephone contact numbers. COVID-19 nasal swab results 
[Polymerase Chain Reaction (PCR) nasopharyngeal test] and 
phone numbers were continuously updated to fit the study’s sample 
size. The Public Health Administration was contacted daily for 
new cases and to check if any of the participants have changed their 
phone numbers. This enabled the study investigators to update the 
list of contact numbers of the participants recruited in this study. 
This ensured that no contacts were lost. If the contact number of 
the participants were lost and if the study investigators could not 
follow up the participants, those individuals would be excluded 
from the study. A total of 118 cases and 115 controls were included 
in this study.

2.2. Operational Definitions

Contacts were defined as any adult individuals who have a close 
relationship (within 6 ft of an infected person for a total of 15 
min or more) with a laboratory-confirmed COVID-19 patient 
[18]. All participants were subjected to two PCR tests, so if any of 
the contacts tested positive and diagnosed with COVID-19 in the 
second test, they would be moved from the control group to the 
case group. Subsequently, all new cases (who were prior contacts) 
were called to obtain a full medical history and epidemiological 
links information, including contact history, even if they were in 
isolation.

Cases were defined as (inclusion criteria) all adult patients who 
tested positive after the second test for COVID-19 in the months 
of April and May 2020. All patients were followed up by the 
Public Health Administration of Saudi Arabia regardless of the 

testing center in which they were tested—governmental or private 
hospitals, primary health centers, or through community surveil-
lance programs.

All cases must have gone through one maximum incubation period 
(14 days) prior to being included in the study to ensure that no 
symptoms were missed. Controls were defined as any adult con-
tacts of a confirmed COVID-19 case who tested negative twice, 
after being in contact with the index case.

Symptomatic cases include individuals who complained of at least 
one classical COVID-19 symptoms according to the Center for 
Disease Control case definition (fever, chills, cough, shortness of 
breath or difficulty breathing, fatigue, muscle or body aches, head-
ache, loss of taste or smell, sore throat, congestion or runny nose, 
nausea or vomiting, diarrhea), after exposure to the virus [19]. 
Asymptomatic cases referred to infected individuals who showed 
none of these symptoms, which may have led them not to be 
screened or remained undetected.

The first and second test results referred to participants in the 
current study who underwent two PCR tests; and if the second 
test result returned negative, then the individual (case) would be 
moved to the control (contact) group [19]. The exclusion criteria 
for the cases were children. The exclusion criteria for controls were 
children and any COVID-19 positive individuals at 14 days after 
contact with a case. Both cases and controls were excluded if they 
refused participation or have not responded to telephone calls for 
two successive days.

2.3. Data Collection

Data were collected by trained doctors through telephone calls. 
A predesigned data collection sheet was used. The data collection 
sheet consisted of two sections; the first part included participants’ 
personal and demographic information (age, job, sex, marital 
status, nationality, smoking status, education, monthly income, 
blood group, height, weight, and residence information), whereas 
the second part included questions on the degree of distancing and 
the duration of contact prior to the appearance of the first symp-
tom, seasonal influenza vaccination, and the nature of the relation-
ship with the index case. In addition, cases were asked about the 
symptoms of the disease.

2.4. Statistical Analysis

Data were entered and managed using SPSS version 25 (IBM Corp., 
Armonk, NY, USA). Frequency and percentages were reported for 
all categorical variables, whereas mean and Standard Deviations 
(SD) were reported for continuous variables. Chi-square test and 
simple binary logistic regressions were performed to determine the 
association between categorical variables in the univariate analysis. 
Crude Odds Ratios (cOR) were obtained. Multiple logistic regres-
sion analysis was applied to determine the most important factors 
to be associated with COVID-19 infection. Adjusted Odds Ratios 
(aOR) were obtained. Hosmer–Lemeshow goodness-of-fit test and 
the Nagelkerke R2 were obtained in the multiple logistic regression 
analysis to determine a parsimonious model. The accepted level of 
significance was set at p < 0.05.
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3. RESULTS

3.1. Sample Characteristics

The majority of cases (83.1%) and controls (67.2%) were males. 
The mean (SD) age for the whole sample was 35.3 (10.6) years, and 
their ages ranged from 18 to 63 years. The mean (SD) age for the 
cases was 37.6 (10.8) years, whereas that for controls was 33.1 (9.7) 
years. Regarding the clinical characteristics of cases, the first test 
result was positive in 91.5% of the cases, whereas the second test 
results was positive for all. Most cases were symptomatic (73.7%) 
(Table 1). The majority of the cases reported to have fever (44.6%), 
change in sense of smell or taste (32.2%), or being fatigued (30.5%) 
(Figure 1).

3.2.  Risk Factors associated with COVID-19 
Infection among Contacts

The risk of infection with COVID-19 was higher in males [cOR 
= 2.4; 95% Confidence Interval (CI), 1.3–4.4], among those aged 
>35 years (cOR = 2.0; 95% CI, 1.2–3.4), married (cOR = 2.2; 95% 
CI, 1.2–3.9), non-Saudis (cOR = 2.3; 95% CI, 1.4–4.1), and pri-
vate employees (cOR = 2.6; 95% CI, 1.4–4.9). The risk was also 
higher among those who did not adhere to protective behaviors 
during contact with an index case (cOR = 1.7; 95% CI, 1.3–2.9) and 
among those who communicated with an index case at a distance 
of <1.5 m (cOR = 2.7; 95% CI, 1.5–4.9). As compared with being 

in contact with unknown people, the risk of infection was higher 
among coworkers (cOR = 10.7; 95% CI, 3.3–35.1), family members 
(cOR = 6.0; 95% CI, 2.9–12.3), and healthcare providers (cOR = 
5.0; 95% CI, 1.1–10.0). These associations were statistically signifi-
cant (Table 2). There was no association between individual’s blood 
group and risk of COVID-19 infection.

3.3.  Risk Factors associated with  
COVID-19 Infection by Multiple  
Logistic Regression

Risk factors that were significantly associated with positive testing 
of COVID-19 infection in the univariate analysis were included 
in the multiple logistic regression analysis. The final multivari-
able logistic regression model found that the risk for COVID-19 
infection increased with age (aOR = 2.2; 95% CI, 1.1–4.8), and 
was higher among family members (aOR = 10; 95% CI, 3.3–20.0), 
coworkers (aOR = 20.0; 95% CI, 4.4–50.0), and those who commu-
nicated with an index case at <1.5 m (aOR = 4.3; 95% CI, 1.9–9.8). 
The total model was significant (p < 0.001) and accounted for 39% 
of the variance (Table 3).

4. DISCUSSION

The aim of this study was to determine the risk factors associated 
with positive testing of COVID-19 infection among contacts of 
index cases in Al-Madinah region, Saudi Arabia. The final regres-
sion model concluded that older adults (>35 years old), family 
members or coworkers of an index case, and those had who 
encounters at a shorter contact distance (<1.5 m) with an index 
case had higher risk to test positive for COVID-19.

This study found that coworkers had the highest risk to test posi-
tive for COVID-19, followed by family members of an index case. 
Although the association between the contact’s relationship with 
an index case and infection risks was statistically significant in the 
present study, and consistent with previous studies, their effect sizes 
between groups varied across different populations. Studies from 
China [6,20] and Thailand [21] found that family members had 
greater risk of infections as compared with other susceptible indi-
viduals. Two plausible explanations for such differing associations 
could be postulated: (1) variation in the definition of contact types 
used in different studies, which could have influenced the size of a 
household—such as family members consisting of a spouse only, or 
including relatives or other members living in the household with 
an index case, thereby posing greater risk of transmissions [22,23]; 
(2) countries that implemented stringent measures such as lock-
downs and work-from-home policies may have escalated exposure 
of index cases to their family members while at home. In contrast, 
plausible explanation of coworkers having greater risk of infection, 
as found in this study, could be attributed to the nature of employ-
ment among contacts in Saudi Arabia, either being in government 
or private employment. Government employees in this country 
can afford to stay out of their employment settings because they 
are on government payroll, and as such, they can go on paid leave 
or adopt work-from-home policy, whereas private employees are 
hardly provided with paid leaves, and are thus forced to go to work, 
thereby risking their coworkers’ health. This explanation could be Figure 1 | Clinical manifestations of COVID-19.

Table 1 | Characteristics of cases and COVID-19 detection 
(n = 118)

Characteristics Frequency (n) Percentage (%)

First test result
 Positive 108 91.5
 Negative 10 8.5
Second test result
 Positive 118 100
 Negative 0 0
Days to symptoms onset since contact with index case
 ≤5 37 31.4
 >5 81 68.6
Infection spectrum
 Asymptomatic 31 26.3
 Symptomatic 87 73.7
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supported with results obtained at the univariate level (although 
this was eliminated at the multivariate analysis), whereby a statis-
tically significant association was found between employment and 
risk of COVID-19 infection, as it was found that private employees 
were more likely to be at risk of infection as compared with govern-
ment employees.

Advancing age was postulated to increase COVID-19 infection 
risks. Based on the age-specific transmissibility epidemiological 
model, it was found that COVID-19 showed high transmissibility 
rates in those aged 45–64 years old and in elderly individuals, aged 
65 years or older [24]. This study found that contacts older than 
35 years had twice the odds to test positive for COVID-19 as com-
pared with younger groups. Similar consistencies were observed in 
previous studies from China [20] and Mexico [25], but inconsistent 
with a study conducted in Singapore [13].

SARS-CoV-2, which is the causative pathogen for the transmission 
of COVID-19, mediates respiratory infection via droplets gener-
ated while talking, breathing, coughing, or sneezing. These drop-
lets, which are circular in nature with a diameter of approximately  
5 µm rapidly, fall to the ground under gravity, which limits transmis-
sion of <1 m (distance) under normal breathing [26], or more than  
1 m under forceful sneezing or coughing [27]. Most countries have 
advocated physical distancing from 1 to 2 m to avoid transmission 
of SARS-CoV-2. This study found that those in contact with an 
index case at <1.5 m were more likely to be at risk to test positive  
for COVID-19. Similar consistencies were observed among sam-
ples from different situations, such as transmissions among train 
passengers who were seated nearby [28], and among healthcare 
workers who generally consume food in confined spaces [29].

At the univariate level, it was found than males were more likely to 
be at risk to test positive for COVID-19, and this association was 
statistically significant. However, the bulk of previous studies found 
otherwise [2,10,12,13,29]. The finding that males were more likely 
to be infected with COVID-19 in this study should be interpreted 
with caution, as the statistically significant association between 
sex and infection risk might be attributable to the relatively high 
number of male individuals recruited in this sample. Married con-
tacts were more likely to test positive in the current study, because 
spouses of index cases who live in the same household would have 

Table 2 | Risk factors associated with COVID-19 infection among 
contacts of index cases

Risk factors
Cases Control

cOR 95% CI
n (%) n (%)

Sex
 Male 98 (83.1) 80 (67.2) 2.4* 1.3–4.4
 Female 20 (16.9) 39 (32.8) 1 –
Age (years)
 ≤35 55 (46.6) 76 (63.9) 1 –
 >35 63 (53.4) 43 (36.1) 2.0* 1.2–3.4
Marital status
 Married 95 (80.5) 78 (65.5) 2.2* 1.2–3.9
 Single 23 (19.5) 41 (34.5) 1 –
Nationality
 Saudi 32 (27.1) 56 (47.1) 1 –
 Non-Saudi 86 (72.9) 63 (52.9) 2.3* 1.4–4.1
Employment
 Unemployed 21 (17.8) 39 (34.2) 1 –
 Government 23 (19.5) 22 (19.3) 1.9 0.9–4.3
 Private 74 (62.7) 53 (46.5) 2.6* 1.4–4.9
Income level (SAR)
 <5000 78 (66.1) 82 (68.9) 1.1 0.7–1.4
 ≥5000 40 (33.9) 37 (31.1) 1 –
Education
 School 54 (45.8) 66 (55.5) 1 –
 University 64 (54.2) 53 (44.5) 1.4 0.9–2.5
Residence
 Apartment/villa 92 (78.6) 103 (86.6) 1.6 0.9–3.3
 Dorms/workers residence 25 (21.4) 16 (13.4) 1 –
BMI
 Normal 35 (29.7) 46 (38.7) 1 –
 Overweight/obese 83 (70.3) 73 (61.3) 1.4 0.4–1.1
Smoking
 Yes 10 (8.5) 17 (14.3) 0.6 0.2–1.3
 No 108 (91.5) 102 (85.7) 1 –
Shisha
 Yes 13 (11.0) 17 (14.3) 0.7 0.3–1.6
 No 105 (89.0) 102 (85.7) 1 –
Chronic diseasesa

 Yes 28 (23.7) 18 (15.1) 0.6 0.3–1.1
 No 90 (76.3) 101 (84.9) 1 –
Protective behaviors during contact with index caseb

 Yes 56 (47.5) 41 (34.5) 1 –
 No 62 (52.5) 78 (65.5) 1.7* 1.3–2.9
Relationship with index case
 Family 21 (17.8) 62 (52.1) 6.0* 2.9–12.3
 Coworkers 28 (23.7) 12 (10.1) 10.7* 3.3–35.1
 Relatives/neighbors 4 (3.4) 21 (17.6) 1.1 0.5–2.5
 Healthcare provider 20 (16.9) 2 (1.7) 5* 1.1–10.0
 Unknown 45 (38.1) 22 (18.5) 1 –
Contact distance with index case (m)
 <1.5 56 (67.5) 40 (43.5) 2.7* 1.5–4.9
 ≥1.5 27 (32.5) 52 (56.5) 1 –
Blood group ABO (n = 186)
 O 45 (44.1) 39 (46.4) 1 –
 A 39 (38.2) 29 (34.5) 1.2 0.6–2.2
 B 13 (12.7) 14 (16.7) 0.8 0.3–1.9
 AB 5 (4.9) 2 (2.4) 2.2 0.4–11.8
aContacts have at least one of the following diseases: diabetes, hypertension, asthma,  
or ischemic heart disease as documented in medical history records. bContacts self- 
reported practice of protective measures—hand sanitizing and masking. *Statistically 
significant at p < 0.05. BMI, body mass index; SAR, Saudi Riyal.

Table 3 | Risk factors associated with COVID-19 infection by multivariate 
logistic regression analysis (backward elimination)

Risk factors B Exp (B)a
95% CI

Lower Upper

Age (years)
 ≤35 Ref Ref Ref Ref
 >35 0.8 2.2* 1.1 4.8
Relationship with index case
 Family –2.5 10.0* 3.3 20.0
 Coworkers –3.1 20.0* 4.4 50.0
 Relatives/neighbors –0.5 1.3 0.4 6.6
 Healthcare provider 0.6 1.9 0.3 11.3
 Unknown Ref Ref Ref Ref
Contact distance with index case (m)
 <1.5 1.4 4.3* 1.9 9.8
 ≥1.5 Ref Ref Ref Ref
aExp (B) gives the adjusted odds ratio (aOR). *Statistically significant at p < 0.05.  
Ref, reference category.
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been greatly exposed under confined spaces during interactions, 
yet the risk of infection may be greater if their partner happens to 
be asymptomatic.

This study found that non-Saudis were more likely to test positive 
for COVID-19 as compared with Saudi nationals, and this associ-
ation was statistically significant. Migrants, either legal or illegal, 
may not adhere to standard operating procedures as determined 
by the country owing to lack of awareness, language barriers, lack 
of entitlement to country’s healthcare provision, or unwillingness/
inability to seek healthcare services owing to fear of deportation. In 
addition, migrants’ living circumstances under permissive condi-
tions, crowded situations, or in confined spaces may increase the 
risk of transmission among local contacts [30].

As the exact cause of infection could not be determined to break 
the chain of infection for this relatively novel virus, nonpharmaco-
logical interventions such as use of face masks and hand sanitizing 
were crucial to control the “aerosol” transmission and contamina-
tion of the virus. This study found that those who did not adhere 
to protective behaviors during contact with an index case were 
more likely to test positive for COVID-19. Similar findings were 
observed in previous studies [12,29].

Although emerging literature has reported ABO blood groups 
as a risk factor for COVID-19 infection [31,32], this postula-
tion seems premature and controversial with limited evidence of 
robust study designs. A recent meta-analysis reported that those 
with blood group A were associated with a higher risk of contract-
ing COVID-19 whereas people with blood group O seem to be at 
a lower risk [33]. The present study, however, failed to determine 
any associations between an individual’s blood group and risk of 
COVID-19 infection.

Among symptomatic cases, the most commonly reported symp-
toms in this study were fever, change in sense of smell or taste, and 
fatigue. There were differing symptoms reported across different 
studies and populations. A study from China found that cough and 
fever were the most common symptoms reported [12], whereas 
another study from Saudi Arabia found cough, fever, and sore 
throat to be commonly encountered [2].

4.1. Study Limitations

The limitations for a case–control design used in this study should 
be acknowledged. Because of the retrospective nature of this study, 
the contacts of index cases may have been prone to recall bias, 
as some contacts may have found it somewhat difficult to recall 
certain details of the multiple risk factors assessed in this study. 
One such example is when they were asked to recall the distance 
between contacts and index cases during communication. In 
addition, the relatively small sample size may limit generalizability 
of the study findings. The findings of this study should be inter-
preted with caution as the interpretation of “risk factors” was not 
powered to establish causality for apprehension as a diagnostic, 
prognostic, treatment effect, or the establishment as an etiolog-
ical factor [34]. Instead, in such observational studies that yield 
regression models, the attributes or exposures examined are pri-
marily hypothesis generating instead of hypothesis testing; thus, 
the interpretation should be conceptualized as “associated factors,” 
that is, how much likely would this factor be associated with the 
outcome measure [35,36].

5. CONCLUSION

Most cases in this study manifested symptomatic COVID-19 infec-
tion. Older adults, family members, or coworkers of an index case, 
and those who had encounters at shorter contact distances with 
an index case had higher risk to test positive for COVID-19. It is 
recommended that rigorous contact tracing initiatives to detect 
asymptomatic carriers and practice of physical distancing measures 
be adopted to facilitate a conducive living environment, which is 
crucial to break the chain of transmission.
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