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A B S T R A C T

Objectives: Confirm existence of COVID-19 outbreak, conduct contact tracing, and recommend control
measures.
Methods: Two COVID-19 cases in Sana’a Capital met the WHO case definition. Data were collected from
cases and contacts who were followed for 14 days. Nasopharyngeal swabs were taken for confirmation by
Polymerase Chain Reaction (PCR).
Results: Two confirmed Yemeni male patients aged 20 and 40 years who had no travel history were
admitted to hospital on 24 April 2020. Regarding the first patient, symptoms started on April 18th, 2020
then the patient improved and was discharged on May 5th, while the second patient’s symptoms started
on April 22nd but the patient died on April 29th, 2020. Both patients had 54 contacts, 17 (32%) were
health workers (HWs). Four contacts (7%) were confirmed, two of them were HWs that needed
hospitalization. The secondary attack rate (sAR) was 12% among HWs compared to 5% among other
contacts.
Conclusions: First COVID-19 outbreak was confirmed among Yemeni citizens with a high sAR among HWs.
Strict infection control among HWs should be ensured. Physical distancing and mask-wearing with
appropriate disinfecting measures should be promoted especially among contacts. There is a need to
strengthen national capacities to assess, detect, and respond to public health emergencies.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Coronaviruses are a family of viruses that can cause illnesses
such as the common cold, Severe Acute Respiratory Syndrome
(SARS), and Middle East Respiratory Syndrome (MERS) (Mayo
clinic, 2020). On December 29th, 2019, the first four cases were
reported with Novel Coronaviruses Infected Pneumonia at Seafood
Wholesale Market in Wuhan city, China (Jin et al., 2020). On March
12th, 2020, WHO announced the COVID-19 is a world Pandemic
(Cucinotta and Vanelli, 2020). The SARS disease that is caused by
Corona virus 2 is referred to by the International Committee for
Classification of Viruses as SARS-CoV-2 (WHO, 2020a).

People with COVID-19 have a wide range of symptoms ranging
from asymptomatic mild symptoms to severe illness (CDC, 2020a).
The common clinical features of COVID-19 are fever, cough,
pneumonia, fatigue, and shortness of breath (Chen et al., 2020;
Song et al., 2020). Around 80% of COVID-19 patients have mild
symptoms and recovered without any medication (WHO, 2020b).
According to CDC, the incubation period for COVID-19 is thought to
extend to 14 days, with a median time of 4–5 days from exposure to
symptoms onset (Guan et al., 2020; Lauer et al., 2020). COVID-19 is
spread mainly from person to person through close contact, and
some asymptomatic people may be able to spread the virus (CDC,
2020b). It crosses the country’s borders easily and spreads very
quickly as a pandemic (Cucinotta and Vanelli, 2020).

Globally, the COVID-19 pandemic is now a major health threat.
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regions around the world, including more than 2,520,550 deaths
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WHO, 2020c). In the Eastern Mediterranean Region, all countries
f the region have been affected by the COVID-19 pandemic and by
he end of February 2021 the total number of confirmed cases was
,388,249, while most of the confirmed cases were concentrated in
ran, Iraq, Pakistan, Morocco and United Arab Emirates (EMPHNET,
020).
In Yemen, the first confirmed case was reported from the South

n April 10th, 2020 at Hadramout governorate in a Yemeni citizen
orking in the port of Ash Shihr city in the seventh decade of his

ife. The symptoms appeared after contact with workers from
hipping vessels, and the result of the laboratory test by
olymerase Chain Reaction (PCR) was positive (Alshaikhli et al.,
020).
From Northern governorates, the first notification was received

n April 25th by the General Directorate of Surveillance at the
inistry of Public Health and Population (MoPHP) from the Sana’a
apital surveillance officer regarding the presence of two COVID-
9 suspected cases at the COVID-19 isolation center of Al-Kuwait
niversity Hospital, Sana’a Capital. On April 26th, 2020, a team
rom the Field Epidemiology Training Program (FETP) was
eployed to investigate and confirm the presence of COVID-19
utbreak, conduct contact tracing, and make recommendations for
revention and control.

ethods

The two suspected cases were interviewed using the WHO case
efinition (WHO, 2020d), and demographic characteristics and
linical data were collected. The list of contacts was developed
sing the contact definition of the European Centre for Disease
revention and Control (Ecdc) (Ecdc, 2020). The contacts were
lassified according to exposure into close and causal contact and
ccording to the occupation into Health Workers (HWs) and non-
ealth workers. Data on demographic characteristics and exposure
ere collected from contacts at the quarantine sites. A nasopha-
yngeal swab was collected from all cases and contacts and sent for
onfirmation by Polymerase Chain Reaction (PCR) in the National
enter of Public Health Laboratories. Contact tracing was
onducted for 14 days. Data were entered in an Excel sheet and
nalyzed by Epi-info version 7.2. The results were presented by
gures and tables.

Results

Description of cases

Table 1 shows the socio-demographic and clinical character-
istics of the two suspected patients. Both patients were confirmed
as COVID-19 cases by PCR on April 26th, 2020. The first patient was
admitted to the inpatient department and dramatically improved
with a downward trend in his inflammatory markers. The patient
was discharged on day 13 of admission.

The second patient was admitted to the Intensive Care Unit
(ICU) on April 24th, 2020, and immediately put on a ventilator and
ICU standard treatment in which his chest x-ray illustrated acute
pneumonia in both lower lobes. His respiratory status deteriorated
despite broad-spectrum antivirals, antibiotics, and intensive
supportive care, and he died on day 6 of admission.

Contact tracing

The first patient had 21 contacts, 14 (67%) of them were males, 7
(33%) were HWs and two were confirmed by PCR with one of them
being an HW who need admission. The secondary attack rate (sAR)
was 10%. The second patient had 33 contacts, of them 19 (58%)
were males, 10 (30%) were HWs and two were confirmed by PCR;
one was an HW who needed admission. The sAR was 6%. The sAR
among HWs was 12% compared to 5% among other contacts. None
of the contacts gave a history of travel or contact with a traveller.
Table 2 shows the characteristics of contacts.

Figure 1 shows the transmission chain of the first two COVID-19
cases in Sana’a Capital. Two of the HWs were causal contacts, those
had contact with other HWs who had direct contact with patients.
Out of the 54 contacts who were traced, four were confirmed by
PCR to be positive. Three out of the four confirmed cases were
among close contacts. The fourth confirmed case was the shop
owner where the second patient was working; however, he did not
give a history of close contact with him.

Discussion

Yemen is one of the countries that has suffered from siege, war,
and conflict for more than five years, debilitating the health system

able 1
ocio-demographic characteristics and clinical features of the first two COVID-19 cases, Sana’a Capital, April 2020.

Characteristics 1st patient 2nd patient

Gender Male Male
Age 40 26
Marital status Married Married
Occupation Judge Daily labor
Address Al-Jarf neighborhood Al-Hathili neighborhood
District Al-Sabean District Al-Thawra District
Date of onset April 18th, 2020 April 22nd, 2020
Date of admission April 24th, 2020 April 24th, 2020
Severity of illness Moderate Severe
Clinical symptoms Fever, non-productive

cough and sore throat
Fever and non-productive cough with
shortness of breath

Vital signs when admission Temperature = 38.1 C� Temperature = 38.8 C�

SpO2 = 92% SpO2 = 63%
Respiratory Rate = 28 Respiratory Rate = 41
Heart rate = 82 Heart rate = 96

Chronic disease No history of chronic disease No history of chronic disease
Admission place Men in-patient ward Intensive Care Unit

Type of treatment Analgesic, antipyretic and antibiotic Ventilator + broad-spectrum antivirals, antibiotics,

and intensive supportive care
Outcome Improved and discharged Died
Date of outcome May 5th, 2020 April 29th, 2020
History of travel No No
History of contact with COVID-19 cases No No
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and leaving only a little capacity to respond. However, this
catastrophic situation was also given as an explanation for the late
arrival of COVID-19 to Yemen (Kadi, 2020). This study will help to
lay down the lessons learned and future opportunities for
containment of the COVID-19 epidemic in Northern Yemen.

Regarding clinical features, fever and non-productive cough are
the dominant symptoms in addition to shortness of breath; all of
these are the most common symptoms reported throughout the
literature on COVID-19 (Rodriguez-Morales et al., 2020; Wang
et al., 2020), and also agreed with our findings.

In this study, we found one of the six confirmed patients (17%)
needed ICU admission compared to (32%) in China (Huang et al.,
2020) and none in Kurdistan, Iraq (Merza et al., 2020). Such
variation may be attributed to the difference in affected age groups
and the presence of co-morbid chronic diseases. The clinical status
of this patient worsened, and he deteriorated to death. It seemed
possible that he had a weak immune response that led to Acute
Respiratory Distress Syndrome, which is a well-known cause of
death in COVID-19 (Lee, 2017; Prompetchara et al., 2020).

In our findings, there is no travel history for all patients and
contacts. This attributed to the blockade imposed on Yemen in
addition to the closure of Sana'a airport for a long time, where Yemen
became isolated from all countries of the world (Kadi, 2020).

In addition, the number of contacts between men was higher
than women. In contrast, a study in Germany showed that sex
ratios reveal higher contact among women than men at working
ages; the opposite holds true at old age (Dörre and Doblhammer,
2020). However, a study in Taiwan showed that all types of
contacts in women were higher than in men except in the
household contacts, where the men became higher (Cheng et al.,
2020). This can be explained by the fact that males constitute the
majority of Yemen's workforce. Also, males have more contact with
patients compared to females, who stay at home for long periods as
a Yemeni traditional behaviour.

Increasing age was associated with an increase in COVID-19
risk. Our results showed that more than half of the contacts were
between the ages of 18 to >35; this was nearly similar to other
studies in Taiwan and South Korea (Cheng et al., 2020; Choe et al.,
2020). In contrast, other studies in China and the USA showed an

Table 2
Socio-demographic, Exposure and Clinical characteristics of Contacts, Sana’a
Capital, April 2020.

Characteristics No. of contacts (N = 54) %

Gender
Female 21 39%
Male 33 61%

Age
<18 12 22%
(18–>35) 29 54%
(35–>45) 6 11%
(45–>60) 4 7%
�60 3 6%

Address by district
Al-Sabean 21 39%
Al-Safiah 11 20%
Al-Tahrir 5 9%
Al-Thawrah 9 17%
Ma’en 7 13%
Sho’oab 1 2%

Place of contact
COVID-19 Isolation center 17 31%
Household 27 50%
Work-place 2 4%
Hotel 8 15%

Type of Protective Personal Equipment (PPE) use for HWs (N = 17)
Surgical Mask 15 88%
Gloves 12 71%
N95 6 35%
Eye Google 6 35%
Gown 5 29%
No PPE use 1 6%

Type of contact (N = 54)
Close contact 31 57%
Causal contact 23 43%

Result of PCR COVID-19 (N = 54)
Positive 4 7%
Negative 50 93%

Health status of contacts who were positive on PCR (N = 4)
Symptomatic 2 50%
Asymptomatic 2 50%

Type of contacts who were positive on PCR (N = 4)
HWs 2 50%
Household 1 25%
Work-place 1 25%
Figure 1. Transmission chain of first COVID-19 cases in Sana’a Capital, April 2020.
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ncrease in risk among elderly contacts (Huang et al., 2020;
cMichael et al., 2020). This might be explained by the fact that

he Yemeni population pyramid indicates that 80% of the Yemeni
eoples are less than 40 years old (Pelletier and Spoorenberg,
015) and they might be getting infected with COVID-19 without
howing any symptoms (asymptomatic) or showing mild symp-
oms and recovering without admission or taking any medication.
n contrast, the elderly group may have chronic diseases, and they
ay become ill.
Furthermore, among contacts, the asymptomatic cases in this

tudy were 50% of confirmed cases and this result is quite similar to
he finding reported in Iraq (Merza et al., 2020). In contrast,
nother study in China showed that four-fifths of cases are
symptomatic (Michael, 2020). The prolonged political humani-
arian crisis and lack of resources for COVID-19 testing in Yemen
ave weakened the surveillance system (Oxford Analytica Daily
rief, 2020). Furthermore, the stigma and the rumors about high
ortality rates in COVID-19 isolation centers may prevent showing

he actual size of the problem.
Regarding occupation, Health workers recorded the highest

ercentage, and this result is similar to previous studies in the USA
nd WHO report (McMichael et al., 2020; WHO Africa Region,
020). This may be due to higher exposure to infected patients
uring health care and also may be due to less cautious or
mproper usage of PPE.

In view of the high attack rate among HWs that has been
hown in this study and HWs’ carelessness in wearing PPE when
ealing with cases and contacts in isolation and quarantine
enters, aside from PPE unavailability, there is a strong need to
nsure PPE availability and to impose its appropriate use by HWs,
specially those with contact with a suspected COVID-19 patient,
n addition to disinfecting surfaces, treating patients in a separate
ard or hospital with a separate team, and contact tracing and
uarantine (Ng et al., 2020). Moreover, the Yemeni health system
eeds to adopt lessons from other countries that successfully
ontained and mitigated COVID-19, such as China, South Korea,
ingapore, and Germany, as well as to identify thresholds for
reopening,” or relaxing, stay-at-home orders and other restric-
ions.

Our study has some limitations, especially regarding the
ifficulty in collecting and accessing patients’ files and the lack
f some important investigations such as computerized tomogra-
hy and other blood tests in isolation centers. Furthermore, the
tigma and the rumors about high mortality rates in COVID-19
solation centers could prevent showing the actual size of the
roblem.
In conclusion, the first COVID-19 outbreak was confirmed

mong Yemeni citizens who had no travel history and with a
igh sAR among HWs. Strict infection control among HWs
hould be ensured. Physical distancing, mask-wearing, and
ppropriate disinfecting measures should be promoted espe-
ially among contacts. There is a need to strengthen national
apacities to assess, detect, and respond to public health
mergencies.
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