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Abstract

The geographic location and heterogeneous multi-ethnic population of Dubai (United
Arab Emirates; UAE) provide a unique setting to explore the global molecular epi-
demiology of SARS-CoV-2 and relationship between different viral strains and dis-
ease severity. We systematically selected (i.e. every 100th individual in the central
Dubai COVID-19 database) 256 patients by age, sex, disease severity and month to
provide a representative sample of laboratory-confirmed COVID-19 patients (naso-
pharyngeal swab PCR positive) during the first wave of the UAE outbreak (January to
June 2020). Sociodemographic and clinical data were extracted from medical records
and full SARS-CoV-2 genome sequences extracted from nasopharyngeal swabs were
analysed. Older age was significantly associated with COVID-19-associated hospital
admission and mortality. Overweight/obese or diabetic patients were 3-4 times more
likely to be admitted to hospital and intensive care unit (ICU). Sequencing data showed
multiple independent viral introductions into the UAE from Europe, Iran and Asia (29
January-18 March), and these early strains seeded significant clustering consistent
with almost exclusive community-based transmission between April and June 2020.
Majority of sequenced strains (N = 60, 52%) were from the European cluster consist-
ent with the higher infectivity rates associated with the D614G mutation carried by
most strains in this cluster. A total of 986 mutations were identified in 115 genomes,
272 were unique (majority were missense, n = 134) and 20/272 mutations were novel.
A missense (Q271R) and synonymous (R41R) mutation in the S and N proteins, re-
spectively, were identified in 2/27 patients with severe COVID-19 but not in patients
with mild or moderate disease (0/86; p = .05, Fisher's Exact Test). Both patients were
women (51-64 years) with no significant underlying health conditions. The same two
mutations were identified in a healthy 37-year-old Indian man who was hospitalized
in India due to COVID-19. Our findings provide evidence for continued community-
based transmission of the European strains in the Dubai population and highlight new

mutations that might be associated with severe disease in otherwise healthy adults.
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1 | INTRODUCTION

Since December 2019, the emergence of a novel virus later named
SARS-CoV-2 causing respiratory disease (called COVID-19) has
spread to 192 countries and infected more than 102 million peo-
ple causing 2.2 million deaths (Johns Hopkins Center for Systems
Sciences & Engineering, 2020; Uddin et al., 2020). All countries
have upscaled their testing capabilities to identify infected indi-
viduals for isolation and contact tracing using the gold-standard
reverse transcriptase quantitative PCR (RT-qPCR) to detect SARS-
CoV-2 RNA in the nasopharyngeal swabs of suspected cases
(Harilal et al., 2020). However, RT-gPCR cannot be used to deter-
mine which viral strains are circulating in the population, or the
relationship between viral strain and disease severity. As such, it
is vital for public health policy decisions to know the origin of, and
predominant viral strains circulating in a population, and the asso-
ciation between these viral strains and clinical outcomes (Harilal
et al., 2020). SARS-CoV-2 whole genome sequencing (c(WGS) can
be used to delineate the geographic origins and evolution of a
virus through phylogenetic analysis (Butler et al., 2020; Tayoun
et al., 2020) in combination with large volumes of viral sequence
data accumulated from all over the world (Hadfield et al., 2018).
Previous genetic sequencing and phylogenetic sequencing stud-
ies have shown the introduction, transmission and evolution of
the virus within and between countries (Alm et al., 2020; Jesus
et al., 2020; Stefanelli et al., 2020; Yang et al., 2020). However,
these studies have been limited by the recruitment of opportu-
nistic and convenient samples and lacked the clinical data that is
required to explore the association between viral strain and dis-
ease severity.

In the United Arab Emirates (UAE), Dubai is a cosmopolitan
city that has the busiest airport in the world connecting the east
with the west and has quickly become a popular tourist destination
for travellers (Tayoun et al., 2020; Uddin et al., 2020). Moreover,
Dubai is a global centre for trade, finance and healthcare attract-
ing a diverse multi-ethnic population from countries all over the
world (Loney et al., 2013). Indeed, our earlier work on the index
and early UAE cases showed multiple spatio-temporal viral intro-
ductions into the UAE from tourists and residents travelling from
Asia, Europe and the Middle East (Tayoun et al., 2020). Dubai's
geographic location and unique heterogeneous population make
it an ideal setting to explore the global molecular epidemiology of
SARS-CoV-2 and the relationship between viral strain and disease
severity. In this study, we utilize a representative sample of pa-
tients with COVID-19 from the Dubai population to explore the
relationship between various sociodemographic, clinical and viral

genomic factors and disease severity.

2 | METHODS
2.1 | Ethics approval

The Dubai Scientific Research Ethics Committee—Dubai Health
Authority (approval number #DSREC-04/2020_02) approved this
study. All patients treated at a healthcare facility in the UAE provide
written consent for their de-identified data to be used for research,
and this study was performed in accordance with the relevant laws
and regulations that govern research in the UAE. As this study was
part of a public health surveillance and outbreak investigation in
the UAE, the requirement for informed consent, specifically for this
study, was waived by the Research Ethics Committee.

2.2 | Study design, setting and participants

Sociodemographic and clinical data were extracted from the elec-
tronic medical records of 256 patients with laboratory-confirmed
SARS-CoV-2 (nasopharyngeal swab PCR positive) from 29 January
to 30 June 2020 using the WHO case report form. In order to pro-
vide a representative sample, participants were systematically se-
lected from a database containing the details for all cases in Dubai
during the study time period stratified by age (<40 years, 240 years),
sex (male, female), disease severity (asymptomatic/mild, moderate,
severe/critical) and stage of the pandemic (<01 April, 201 April). The
systematic sampling frame involved one researcher selecting every
100th individual in the central Dubai COVID-19 database to check
whether they satisfied the inclusion criteria for one of the strati-
fied groups and if not, then the consecutive case was reviewed for
eligibility. Due to a limited number of females in the moderate and
severe/critical categories in Dubai, additional samples and accompa-
nying data were selected from the major public hospital managing
COVID-19 patients in the neighbouring emirate of Umm Al Quwain.
Cases were categorized into groups based on disease severity:
asymptomatic and mild cases with either no symptoms or mild non-
life-threatening symptoms (e.g. dry cough, mild fever > 38.0°C, res-
piratory rate < 30 breaths per minute, oxygen saturation > 93%);
moderate cases with symptoms (e.g. breathlessness, persistent
fever = 38.0°C, signs of pneumonia/lower respiratory symptoms)
requiring hospitalization and medical attention (e.g. supplementary
oxygen therapy, intravenous fluids) and severe/critical cases with
advanced disease and pneumonia (respiratory distress (respira-
tory rate > 30 breaths per minute adults, oxygen saturation < 93%,
PaO, /FiO, 300 mmHg, lung infiltrate > 50% of the lung fields in
24-48 hr) requiring admission to intensive care units and specialized

life-support treatment (e.g. mechanical ventilation).
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TABLE 1 Sociodemographic and health characteristics of the study patients (N = 256) stratified by disease severity

Stratified by Disease Severity

Variable
Age
Mean (SD), years
Distribution—no./total no. (%)
0-14 years
15-49 years
50-64 years
265 years
Female Sex—no./total no. (%)
Body Mass (kg)—Mean (SD)
Height (cm) - Mean (SD)
Body mass index®
Mean (SD), (kg/m?)
Overweight (25.00-29.99 kg/mz)—no./total no. (%)
Obesity class | (30.00-34.99 kg/m?)—no./total no. (%)
Obesity class Il (35.00-39.99 kg/mz)—no./total no. (%)
Obesity class IIl (240.00kg/m?)—no./total no. (%)
Current smoker—no./total no. (%)
Region of origin—no./total no. (%)
Africa
Americas and caribbean
Australasia
East Asia
Europe
Middle East
South Asia
Residency status—no./total no. (%)
UAE national
Expatriate resident

Tourist

All Patients
(N =256)°

40.3(14.7)

4/253 (1.6%)
187/253 (73.9%)
47/253 (18.6%)
15/253 (5.9%)
108/252 (42.9%)

72.3(16.0)

165.1 (11.0)

27.68 (5.80)
53/144 (36.8%)
24/144 (16.7%)
11/144 (7.6%)
5/144 (3.5%)
2/122 (1.6%)

11/256 (4.3%)
2/256 (0.8%)
2/256 (0.8%)

37/256 (14.5%)

18/256 (7.0%)

64/256 (25.0%)

122/256 (47.7%)

35/256 (13.7%)
203/256 (79.3%)
18/256 (7.0%)

Exposure to source of transmission within past 14 days—no./total no. (%)

Travel history

Contact with positive case

Healthcare worker

Laboratory worker
Pregnant—no./total no. (%)
Blood Type—no./total no. (%)

A positive

A negative

B positive

B negative

AB positive

AB negative

O positive

47/255 (18.4%)
40/256 (15.6%)
9/250 (3.6%)
0/250 (0.0%)
6/108 (5.6%)

24/112 (21.4%)
3/112 (2.7%)
46/112 (41.1%)
1/112 (0.9%)
3//112 (2.7%)
0/112 (0.0%)
34//112 (30.4%)

Asymptomatic/
Mild (N = 98)

35.4(13.5)

3/98 (3.1%)*
81/98 (82.7%)*
13/98 (13.3%)

1/98 (1.0%)
35/98 (35.7%)

71.4(18.8)
164.8 (13.3)

26.70 (6.23)

21/68 (30.9%)
8/68 (11.8%)
6/68 (8.8%)
2/68 (2.9%)
1/22 (4.5%)

3/98 (3.1%)

1/98 (1.0%)

2/98 (2.0%)
12/98 (12.2%)
14/98 (14.3%)**
24/98 (24.5%)
42/98 (42.9%)

5/98 (5.1%)
79/98 (80.6%)**
14/98 (14.3%)**

37/98 (37.8%)*
26/98 (26.5%)**
7/98 (7.4%)*
0/98 (0.0%)
3/98 (3.1%)

7/29 (24.1%)
2/29 (6.9%)
7/29 (24.1%)
0/29 (0.0%)
2/29 (6.9%)
0/29 (0.0%)
11/29 (37.9%)

Moderate
(N =94)

40.9 (14.3)

1/94 (1.1%)
66/94 (70.2%)
21/94 (22.3%)*

6/94 (6.4%)
42/94 (44.7%)

72.5(15.7)
165.8(7.8)

28.51 (5.61)

15/41 (36.6%)

10/41 (24.4%)
2/41 (4.9%)
2/41 (4.9%)
1/70 (1.4%)

8/94 (8.5%)
1/94 (1.1%)
0/94 (0.0%)
11/94 (11.7%)
0/94 (0.0%)
26/94 (27.7%)
48/94 (51.1%)

19/94 (20.2%)**
75/94 (79.8%)
0/94 (0.0%)

2/94 (2.1%)
10/94 (10.6%)
2/94 (2.1%)
0/94 (0.0%)
0/94 (0.0%)

8/43 (18.6%)
0/43 (0.0%)
18/43 (41.9%)
1/43 (2.3%)
0/43 (0.0%)
0/43 (0.0%)
15/43 (34.9%)

Severe/Critical
(N = 60)

47.2 (14.3)*

0/60 (0.0%)
40/60 (66.7%)
12/60 (20.0%)

8/60 (13.3%)*
31/60 (51.7%)

73.2(12.5)
164.7 (8.9)
28.73 (4.96)
17/34 (50.0%)

6/34 (17.6%)

3/34 (8.8%)

1/34 (2.9%)

0/60 (0.0%)

0/60 (0.0%)
0/60 (0.0%)
0/60 (0.0%)
14/60 (23.3%)**
2/60 (3.3%)
13/60 (21.7%)
31/60 (51.7%)

11/60 (18.3%)
45/60 (75.0%)
4/60 (6.7%)

5/60 (8.3%)
4/60 (6.7%)
0/60 (0.0%)
0/60 (0.0%)
3/60 (5.0%)

9/40 (22.5%)
1/40 (2.5)
21/40(22.5%)
0/60 (0.0%)
1/40 (2.5%)
0/60 (0.0%)
8/40 (13.3%)

(Continues)
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TABLE 1 (Continued)
Stratified by Disease Severity
All Patients Asymptomatic/ Moderate Severe/Critical
Variable (N =256)° Mild (N = 98) (N =94) (N = 60)
O negative 1/112 (0.9%) 0/29 (0.0%) 1/43 (2.3%) 0/60 (0.0%)
Coexisting Disorder—no./total no. (%)
Any 65/244 (26.6%)  14/93 (15.1%) 21/94 (22.3%) 30/59 (53.6%)**
Chronic cardiac disease (not Hypertension) 10/244 (4.1%) 1/93 (1.1%) 3/94 (3.2%) 6/56 (10.7%)*
Hypertension 38/245(15.5%)  10/93(10.8%) 10/94 (10.6) 18/57 (31.6%)**
Chronic pulmonary disease 1/245 (0.4%) 5/98 (5.1%) 0/94 (0.0%) 1/57 (1.8%)
Asthma 5/245 (5.0%) 2/93(2.2%) 2/94 (2.1%) 1/57 (1.8%)
Chronic renal disease 4/245 (1.6%) 0/93 (0.0%) 0/94 (0.0%) 4/57 (7.0%)**
Chronic hepatic disease 11/256 (4.3%) 0/93 (0.0%) 0/94 (0.0%) 0/57 (0.0%)
Chronic neurological disorder 1/245 (0.4%) 0/93 (0.0%) 0/94 (0.0%) 1/57 (1.8%)
Diabetes mellitus 44/245 (18.0%) 7/93(7.5%) 15/94 (15.0%) 22/57 (38.6%)**
Immunodeficiency 1/245 (0.4%) 0/93 (0.0%) 1/94 (1.1%) 0/57 (0.0%)
Malignant neoplasms 2/245 (0.8%) 0/93 (0.0%) 1/94 (1.1%) 1/57 (1.8%)

2Children (<18 years) excluded from this analysis.

Some missing data for four patients, therefore, sum of disease severity categories N = 252.

*Denotes p < .05; **Denotes p < .01.

2.3 | SARS-COV-2 whole genome sequencing

All 256 COVID-19 patients tested positive for SARS-CoV-2 by RT-gPCR
on RNA extracted from nasopharyngeal swabs using the QlAamp Viral
RNA Mini or the EZ1 DSP Virus Kits (Qiagen). SARS-CoV-2 whole ge-
nome sequencing was performed using either shotgun transcriptome
sequencing (Jain et al., 2021; Tayoun et al., 2020) or viral target en-
richment and deep sequencing (Harilal et al., 2020). For shotgun tran-
scriptomic sequencing, RNA libraries were prepared using the TruSeq
Stranded Total RNA Library kit from lllumina, following manufacturer's
instructions. Libraries were sequenced using the NovaSeq SP Reagent
kit (2 x 150 cycles) from lllumina. For target enrichment, double stranded
DNA was first synthesized using the QuantiTect Reverse Transcription
Kit (Qiagen) and then amplified using 26 overlapping primer sets cov-
ering most of the SARS-CoV-2 genome as recently described by our
group (Harilal et al., 2020). PCR products were then fragmented by
ultra-sonication (Covaris LE220-plus series) and prepared for sequenc-
ing using the SureSelectXT Library Preparation kit (Agilent). The target
enrichment libraries were sequenced using the lllumina MiSeq Reagent
Kit V2 (2 X 150 cycles) or the NovaSeq SP Reagent kit (2 x 150 cycles).

2.4 | SARS-COV-2 genome assembly and
bioinformatics analysis

The adapter sequences were trimmed using BCL2fastq v.2.20.0, and
then, high-quality sequencing reads were aligned to the reference
SARS-CoV-2 genome from Wuhan, China (GenBank accession num-
ber: NC_045512.2) using BWA v0.7.17. Consensus sequences were
generated using GATK v3.8-1-0 and BCFtools v1.3.1 for samples

where > 80% of nucleotide positions (56-29,797) had at least 10X cov-
erage. A total of 115 UAE isolates met this coverage criterion (Table S1)
and were submitted to the Global Initiative on Sharing All Influenza
Data (GISAID) database under accession numbers listed in Table S2.

2.5 | Phylogenetic analysis

Multiple sequence alignment of UAE SARS-CoV-2 isolates (n = 115)
was performed using MAFT v7.455 (Katoh et al., 2002) and phyloge-
netic tree was built using IQtree v1.6.12 with a bootstrap of 1,000 rep-
licates (Chernomor et al., 2016). In addition, the evolutionary time scale
was estimated by using BEAST v.1.10.4 (Suchard et al., 2018) with strict
clock mode. The Hasegawa-Kishino-Yano substitution model was
used with 4 rate categories drawn from a gamma distribution (GTR4G).
Finally, we estimated the mutation rate from the resulting BEAST tree.
The final tree was visualized by Figtree v1.4.4 (Rambaut, 2018).

2.6 | Statistical analysis

Continuous variables were expressed as means with standard
deviations or medians and interquartile ranges or simple ranges
(as appropriate) and categorical variables as counts and per-
centages. No imputations were made for missing data. One-way
ANOVA’s were used to determine differences between group
means for continuous variables, while Pearson chi-square tests
were used for categorical variables. Univariate and multivariate
regression models were used to quantify the association between

various sociodemographic and clinical characteristics and the
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TABLE 2 Symptoms on admissions and clinical characteristics of the study patients (N = 256) stratified by disease severity

Variable

Signs and symptoms on admission—no./total no. (%)

History of fever > 38.5°C

Dry cough

Cough with sputum

Cough with haemoptysis

Sore throat

Rhinorrhoea

Wheezing

Chest pain

Myalgia

Arthralgia

Malaise

Shortness of breath

Inability to walk

Lower chest wall indrawing

Headache

Altered consciousness/ Confusion

Seizures

Abdominal pain

Vomiting/Nausea

Diarrhoea

Lymphadenopathy

Intracerebral haemorrhage
Other symptoms

Hemiparesis

Ageusia/Anosmia

Urinary tract infection

Constipation

Oedema/Decreased urine output

Dizziness

Syncope

Palpitations

Lower Leg paraesthesia/Weakness
Temperature

Mean (SD), °C
Distribution—no./total no. (%)

<37.5°C

37.5-38.0°C

38.1-39.0°C

>39.0°C
Heart rate (beats/min), Mean (SD)
Respiratory rate (breaths/min), Mean (SD)

All Patients (N = 256)?

131/247 (53.0%)
98/246 (39.8%)
1/246 (0.4%)
94/246 (38.2%)

18/246 (7.3%)
1/246 (0.4%)
6/246 (2.4%)

83/246 (33.7%)
5/246 (2.0%)

41/247 (16.6%)

85/247 (34.4%)
2/247 (0.8%)
1/247 (0.4%)

23/247 (9.3%)
3/247 (1.2%)
2/247 (0.8%)
8/247 (3.2%)

11/247 (4.5%)

16/247 (6.5%)
1/247 (0.4%)
1/247 (0.4%)
1/247 (0.4%)

14/247 (5.7%)
1/247 (0.4%)
3/247 (1.2%)
1/247 (0.4%)
1/247 (0.4%)
3/247 (1.2%)
1/247 (0.4%)
1/247 (0.4%)
1/247 (0.4%)
2/247 (0.8%)

37.8(0.9)

97/245 (39.6%)
56/245 (22.9%)
65/245 (26.5%)
27/245 (11.0%)
93(19)
20 (5)

Stratified by Disease Severity

Asymptomatic/
Mild (N = 98)

28/93(30.1%)
1/93 (1.1%)
0/93 (0.0%)
29/93(31.2%)
16/93 (17.2%)**
0/93(0.0%)
0/93 (0.0%)
15/93 (16.1%)
1/93 (1.1%)
4/93 (4.3%)
3/93(3.2%)
0/93(0.0%)
0/93(0.0%)
14/93 (15.1%)
0/93 (0.0%)
0/93(0.0%)
1/93 (1.1%)
3/93(3.3%)
2/93(2.2%)
0/93(0.0%)
0/93 (0.0%)
0/93(0.0%)
1/93 (1.1%)
0/93(0.0%)
1/93 (1.1%)
0/93(0.0%)
0/93 (0.0%)
0/93 (0.0%)
0/93 (0.0%)
0/93 (0.0%)
0/93 (0.0%)
0/93 (0.0%)

37.3(0.7)

57/91 (62.6%)**
18/91 (19.8%)
15/91 (16.5%)
1/91 (1.1%)
92(17)
18(2)

Moderate (N = 94)

55/94 (58.5%)
46/94 (48.9%)
0/94 (0.0%)
43/94 (45.7%)
1/94 (1.1%)
1/94 (1.1%)
4/94 (4.3%)
44/94 (46.8%)"*
3/94 (3.2%)
12/94 (12.8%)
61/94 (64.9%)**
0/94 (0.0%)
0/94 (0.0%)
5/94 (5.3%)
0/94 (0.0%)
0/94 (0.0%)
4/94 (4.3%)
2/94 (2.1%)
4/94 (4.3%)
1/94 (1.1%)
0/94 (0.0%)
0/94 (0.0%)
7/94 (7.4%)
0/94 (0.0%)
2/94 (2.1%)
1/94 (1.1%)
0/94 (0.0%)
1/94 (1.1%)
1/94 (1.1%)
1/194 (1.1%)
1/94 (1.1%)
0/94 (0.0%)

38.0(0.9)

26/94 (27.7%)
24/94 (25.5%)
32/94 (34.0%)**
12/94 (12.8%)
88(19)

21 (6)

Severe/Critical
(N = 60)

48/59 (81.4%)**
23/58 (39.7%)
1/58 (1.7%)
22/58 (37.9%)
1/58 (1.7%)
0/58 (0.0%)
2/58 (3.4%)
24/58 (41.4%)
1/58 (1.7%)
25/59 (42.4%)**

21/59 (35.6%)
2/59 (3.4%)*
1/59 (1.7%)
4/59 (6.8%)
3/59 (5.1%)**
2/59 (3.4%)*

2/59 (3.4%)
5/59 (8.5%)

10/59 (16.9%)**
0/59 (0.0%)
1/59 (1.7%)
1/59 (1.7%)
6/59 (11.9%)
1/59 (1.7%)
0/59 (0.0%)
0/59 (0.0%)
1/59 (1.7%)
2/59 (3.4%)
0/59 (0.0%)
0/59 (0.0%)
0/59 (0.0%)
2/59 (3.4%)

38.2(1.0)**

14/59 (23.7%)
14/59 (23.7%)
18/59 (30.5%)
13/59 (22.0%)**
100 (21)**
22 (6)**

(Continues)
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TABLE 2 (Continued)
Stratified by Disease Severity
Asymptomatic/ Severe/Critical
Variable All Patients (N = 256)® Mild (N = 98) Moderate (N=94) (N =60)
Blood pressure (mmHg), Mean (SD)
Systolic 129 (17) 129 (16) 125 (14) 138 (20)**
Diastolic 79 (11) 79 (12) 78 (10) 78(12)
Oxygen saturation (%), Mean (SD) 97 (6) 99 (1) 97 (4) 94 (11)**
AVPU Scale—no./total no. (%)
Alert 244/247 (98.8%) 93/93 (100.0%) 94/94 (100.0%) 56/59 (94.9%)
Verbal 1/247 (0.8%) 0/93 (0.0%) 0/94 (0.0%) 1/59 (1.7%)
Pain 2/247 (0.8%) 0/93(0.0%) 0/94 (0.0%) 2/59 (3.4%)
Unresponsive 0/247 (0.0%) 0/93 (0.0%) 0/94 (0.0%) 0/59 (0.0%)
GCS—Median (Min, Max) 15 (3, 15) 15 (15, 15) 15 (15, 15) 15 (3, 15)
ICU admission - no./total no. (%) 60/247 (24.3%) 0/93 (0.0%) 1/94 (1.1%) 60/60 (100.0%)**
Supportive Care—no./total no. (%)
Oxygen therapy 93/209 (44.5%) 0/93 (0.0%) 33/94 (35.1%) 60/60 (100.0%)**
Non-invasive ventilation 45/140 (32.1%) 0/93 (0.0%) 0/94 (0.0%) 45/60 (75.0%)**
Invasive ventilation 54/79 (68.4%) 0/93 (0.0%) 0/94 (0.0%) 54/60 (90.0%)**
Inotropes/Vasopressors 34/141 (24.1%) 0/93 (0.0%) 0/94 (0.0%) 34/60 (56.7%)**
Extracorporeal 2/141 (1.4%) 0/93 (0.0%) 0/94 (0.0%) 2/60 (3.3%)
Prone position 27/50 (54.0%) 0/93 (0.0%) 12/94 (12.8%) 15/60 (25.0%)**
Death—no./total no. (%) 18/256 (7.0%) 0/93 (0.0%) 0/94 (0.0%) 18/60 (30.0%)**

2Some missing data for four patients; therefore, sum of disease severity categories N = 252. No patients presented with conjunctivitis, skin rash, or

skin ulcers.
*Denotes p < .05; **Denotes p < .01.

outcomes of severe/critical disease and COVID-19-related mor-
tality, separately. Factors associated with severe/critical disease
or COVID-19-related mortality in the crude model were added to
the multivariate model. Age and body mass index were utilized as
both continuous variable (years; kg/m?) and categorical variable
(240 years, age = 50 years, age > 60 years; 225 kg/m?, 230 kg/m?).
Due to the heterogenous Dubai population, nationality groups
were collapsed to form regional groups (i.e. European descent (ref-
erence group) was composed of North Americans, Europeans and
Australasians; Middle Eastern and African; South Asian and East
Asian). Patients with moderate and severe/critical disease were
collapsed to form one group COVID-19-related hospital admission,
and intensive care unit admission and COVID-19-associated mor-
tality contain only patients with severe/critical disease. Emirates
airlines suspended flights to and from 30 global destinations from
18 March 2020 and Dubai airport was closed to passenger flights
on 25 March 2020 (11). Patients after 18 March 2020 were more
likely a result of community transmission as opposed to imported
infections. We used 01 April 2020 as a cut-off for predominantly
community-based transmission as this date was seven days after
Dubai International Airport closed. The variable community trans-
mission was based on receiving a first positive test either < 01
April or 2 01 April 2020. Crude odds ratio (OR) and adjusted odds

ratios (@OR) with 95% confidence intervals (Cl) were reported.
IBM SPSS Statistics for Windows (Version 25.0: IBM Corp) was
used to perform statistical analyses. Statistical significance was
defined by a p-value less than or equal to 0.05 and 95% confidence

intervals.

3 | RESULTS

3.1 | Sociodemographic and clinical characteristics

We obtained the nasopharyngeal swabs and data regarding the soci-
odemographic characteristics and clinical symptoms and outcomes
of 256 patients selected systematically by age, sex, disease severity
and month. The sociodemographic and clinical characteristics of the
patients are shown in Table 1.

The majority of patients were males (57.1%), mean (SD) age was
40.3 + 14.7 years and mean (SD) BMI was 27.7 + 5.8 kg/mz. Mean
age increased significantly with disease severity while there was a
pattern for the proportion of males to increase with disease sever-
ity (Table 1). Mean body mass index increased with disease sever-
ity; however, this did not reach statistical significance (p = .096).

Majority of patients were expatriate residents (79.3%) from South
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TABLE 3 Univariate and multivariate logistic regression for factors associated with, COVID-related hospital admissions, intensive care
unit admission and COVID-associated mortality (N = 256)

Variable

Sex (Male)
Age (years)
Age > 40 Years
Age 2 50 Years
Age 2 60 Years

Community Transmission
(201 April 2020)

UAE National (Yes)
Middle Eastern & African®
South Asian®

East Asian®

BMI (kg/m?)

BMI 2 25 kg/m? (Yes)

BMI 2 30 kg/m? (Yes)
Any Chronic Disease (Yes)

Chronic Cardiac Disease
(Yes)

Hypertension (Yes)

Diabetes Mellitus (Yes)

Temperature (°C)

Heart Rate (beats/min)

Respiratory rate (breaths/
min)

Systolic Blood Pressure
(mmHg)

Oxygen Saturation (%)

COVID-Related Hospital Admission

ICU Admission

COVID-Associated Mortality

Univariate

Multivariate

Univariate

Multivariate

Univariate

Multivariate

COR (95% CI)

0.62(0.37,1.04)
1.04 (1.02, 1.06)
2.57(1.50, 4.40)
2.64(1.36,5.11)
3.26(1.29,8.22)
4.87(2.77,8.58)

4.50(1.68,12.04)
9.86(2.65,36.76)
10.66 (2.95, 38.46)
11.81(2.89,48.22)
1.06 (1.00, 1.13)
2.47(1.28,5.00)
1.53(0.73,3.21)
2.91(1.50, 5.63)
5.87(0.73,47.13)

1.89 (0.87,4.10)
3.99(1.70,9.38)

AOR (95% Cl)

1.04(1.01, 1.06)
2.10(1.15, 3.82)
2.15(0.97,4.74)
1.71(0.59, 4.94)
4.20(2.15, 8.19)

4.57(1.62,12.86)
12.60 (2.58, 61.49)
13.26 (2.82, 62.33)
13.40 (2.55, 70.44)
1.05(0.97,1.13)
3.00(1.21, 7.47)

1.59(0.73, 3.44)

2.52(0.95, 6.70)

COR (95% CI)

0.63(0.35,1.12)
1.04(1.02, 1.06)
2.23(1.24,4.03)
1.84(0.97, 3.49)
2.38(1.10,5.13)
1.27(0.67,2.39)

1.57(0.72,3.43)
1.92(0.40, 9.30)
3.10(0.68, 14.13)
5.48(1.10, 27.27)
1.04(0.98,1.11)
2.51(1.01, 6.28)
1.10(0.47,2.57)
5.01(2.64, 9.51)
5.49 (1.49,20.21)

3.85(1.87,7.97)
4.71(2.35,9.44)

AOR (95% Cl)

1.03(1.00, 1.06)
1.37(0.70, 2.70)

1.33(0.50, 3.53)

1.29 (0.54, 3.09)
2.03(0.23, 18.03)
4.29(0.52,35.4)
7.01(0.79, 62.51)

4.02(1.30, 12.38)

3.26 (1.54, 6.92)
5.49 (0.40, 76.01)

0.90(0.35, 2.28)
3.30(1.48,7.38)

COR (95% ClI)

4.07 (1.15, 14.44)
1.06 (1.02, 1.09)
1.71(0.65, 4.48)
3.43(1.30, 9.01)
3.85(1.34,11.11)
0.55(0.21, 1.46)

1.29(0.35,4.70)

1.03(0.93,1.13)
0.97 (0.27, 3.44)
1.54(0.43, 5.58)
5.24(1.82,15.08)
12.33(3.07, 49.62)

6.63(2.32,19.00)
5.36(1.89, 15.21)
1.25(0.74, 2.09)
1.03(1.00, 1.05)
1.07 (1.01, 1.34)

1.04(1.02, 1.07)

0.95(0.90, 1.00)

AOR (95% ClI)

3.10(0.78,12.37)
1.05(1.01, 1.10)
2.26(0.65, 7.85)
2.61(0.62,11.09)

2.53(0.68, 9.38)
4.43(0.72, 27.37)

3.15(0.83, 12.03)
3.09 (0.84,11.23)

1.02(0.98,1.05)
1.00(0.90, 1.11)

1.02(0.99, 1.04)

0.98(0.92, 1.04)

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; COR, crude odds ratio; ICU, intensive care unit.

2Compared with reference group (Americas and Caribbean, Europe, Australasia). Multivariate analysis controlling for age (years), nationality, presence

of any chronic disease and sex (only for COVID-associated mortality).

Asia (47.7%) and the Middle East (25.0%). There was a significantly
greater proportion of Europeans and East Asians in the asymptom-
atic/mild and severe/critical groups, respectively.

Nearly a fifth (18.4%) of patients had a positive travel history,
15.6% had known contact with a positive case, and only 3.6% were
healthcare workers. The most common blood type was B positive
(41.1%) followed by O positive (30.4%) and A positive (21.4%). A
quarter (26.6%) of patients had at least one coexisting health dis-
order and a significantly greater proportion of severe/critical pa-
tients (53.6%) had at least one underlying health issue compared
with other disease severity categories. The most common coexisting
disorders were diabetes mellitus (18.0%) and hypertension (15.5%)
which were both significantly more prevalent in patients with severe
disease (38.6% and 31.6%, respectively). The prevalence of chronic
cardiac disease (10.7%) and chronic renal disease (7.0%) was signifi-

cantly greater in severe patients compared with other groups.

Half (53.0%) of patients had a fever (238.0°C) on admission and
more than a third had a dry cough (39.8%), cough with haemopty-
sis (38.2%), malaise (34.4%) or chest pain (33.7%) (Table 2). Fever
(81.4%), arthralgia (42.4%), headache, vomiting/nausea (16.9%),
lower chest wall drawing (5.1%), altered consciousness/confusion
(3.4%) and shortness of breath (3.4%) had a significantly greater
prevalence amongst severe/critical patients while malaise (64.9%)
and chest pain (46.8%) were significantly more common symptoms
amongst patients with moderate disease, and a sore throat (17.2%)
had a significantly higher prevalence amongst asymptomatic/mild
cases (Table 2).

Mean temperature, heart rate, respiratory rate and systolic blood
pressure were significantly higher and mean oxygen saturation sig-
nificantly lower in the severe/critical disease category. Nearly, half
of all patients required oxygen therapy and the mortality ratio was
30.0% in the patients with severe disease (Table 2).
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3.2 | Associations between sociodemographic
and clinical characteristics and hospital
admission and mortality

Age was significantly associated with COVID-19-related hospital ad-
mission and COVID-19-associated mortality but not ICU admission,
with patients aged 40 years and older twice as likely to be admit-
ted to hospital compared with younger patients (Table 3). Compared
with patients of European descent, patients from the Middle East
and Africa, South Asia and East Asia regions were 12-13 times more
likely to be admitted to hospital, but there was no association with
ICU admission or mortality (Table 3). Overweight and obese patients
(BMI = 25.0 kg/mz) were 3-4 times more likely to be admitted to hos-
pital and ICU compared with healthy weight patients, and patients
with diabetes mellitus were three times more likely to be admitted to
ICU compared with patients without diabetes (Table 3). Patients that
were more likely to have been infected from community transmission
as opposed to imported infections were four times more likely to be
admitted to hospital with either moderate or severe/critical disease
(Table 3).

3.3 | SARS-COV-2 whole genome sequencing and
mutation analysis

SARS-CoV-2 whole genome sequencing was performed using RNA
extracted from nasopharyngeal samples of all 256 COVID-19 pa-
tients (Methods). A total of 115 genomes meeting our coverage cri-
teria were assembled and used for phylogenetic analysis, mutational
analysis and genotype-phenotype correlation. Overall, we were able
to assemble full genomes from 115 patients with an average cover-
age of 890X where more than 97% of the SARS-CoV-2 genome had
at least 10X coverage (Figure 1).

Of the sequenced genomes, 30 were obtained by shotgun tran-
scriptome sequencing where, on average, 3% of the reads mapped
to the SARS-CoV-2 genome with an average coverage of 1,756X
and > 99% of the virus genome having at least 10X reads (Table S1).
On the other hand, 85 full genomes were obtained by target enrich-
ment followed by sequencing. On average, 96% of the reads mapped
to the SARS-CoV-2 genome using this protocol with an average cover-
age of 582X where > 96% of the genome had > 10X reads (Table S1).

In aggregate, a total of 272 unique mutations were identified in all
115 genomes relative to the reference SARS-CoV-2 Wuhan genome
(GenBank Accession: NC_045512.2) (Figure 1) with an average of 8.6
(1-17) mutations per genome. Some mutations were more frequent
than others; for example, the 241C>T, 3037C>T, 14408C>T, and the
23403A>G (also known as the D614G mutation in the S protein),
were each seen in 58 of the genomes (Table S3). Of the 272 muta-
tions, the majority of which were missense (n = 134) (Figure 2). More
than half (162/272) were localized to the ORF1ab gene (Figure 2 and
Table S3), while 29/272, 2/272, 10/272 and 27/272 were in the S, E,
M and N genes, respectively. Notably, 20 out of the 272 mutations
were novel as they were not identified in the Chinese National Center
for Bioinformation Database (https://bigd.big.ac.cn/ncov/variation/
annotation; last accessed January 03, 2021). The majority (11/20)
were coding missense mutations including two (N657S and Q1036L)
in the S protein (Table S3).

3.4 | Phylogenetic analysis

SARS-CoV-2 sequencing from patients during the early phase (29
January - 18 March) of the pandemic showed multiple independ-
ent introductions of the virus into the UAE. Specifically, early
strains during that time period were genetically close to viruses

from COVID-19 patients in Europe, Iran and Asia (3). Extending our
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genomic studies to include patients through June 2020 showed that
those earlier strains seeded significant clustering consistent with
almost exclusive community-based transmission in the time period
between April and June 2020 (Figure 3). This clustering was exacer-
bated towards the end of March, which is when Dubai International
Airport was closed to passenger flights (March 25, 2020).

The majority of the sequenced strains (N = 60, 52%) were in
the European cluster, while 30% (N = 34) and 18% (N = 21) were in
the Asian and Iranian clusters, respectively (Figure 3). The predom-
inance of European cluster is consistent with the higher infectivity
rates associated with the D614G mutation carried by most strains in

this cluster (Figure S1).

3.5 | Genotype-phenotype correlation

The assembled 115 genomes were obtained from patients with mild
(N = 54), moderate (N = 32) and severe (N = 27) disease, while clinical

information was not available for two patients. The majority were
males (N = 77, 67%) and the mean age was 41 years though age was
highest in the severe disease group (50 years) (Table S4).

To determine if any viral mutation was associated with severe
disease outcome, we counted the number of patients with mild
and moderate disease carrying each sequence variant, and com-
pared with those with severe COVID-19 (Figure 4). No statisti-
cally significant enrichments were identified (two tailed t-test),
though missense (Q271R) and synonymous (R41R) mutations in
the S and N proteins, respectively, were identified in 2/27 pa-
tients with severe COVID-19 but not in patients with mild or mod-
erate disease (0/86; p = .05, Fisher's Exact Test). The two patients
carrying this viral variant were both females, one of whom was
51 years old with a history of hypertension while the second was
64 years and otherwise healthy. The same two mutations were
identified in a 37-year-old non-obese, non-diabetic, normotensive
Indian man (EPI_ISL_426414) who had a travel history to China in

January 2020 with no infection and then came into close contact
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with someone who travelled to the Middle East. The 37-year-old
Indian man (EPI1_ISL_426414) subsequently developed a fever and
cough on 26 March 2020 and was diagnosed with COVID-19 and
admitted to hospital in India on 28 April 2020. There were no
significant enrichments for variants in patients with moderate
and severe disease versus those with mild disease suggesting no
association between hospitalization and SARS-CoV-2 genomic

variants (data not shown).

4 | DISCUSSION

Our study is the first in the Middle East region to explore the asso-
ciation between sociodemographic factors, SARS-CoV-2 viral strains
and clinical outcomes in a representative sample of patients with
COVID-19 in Dubai. Similar to other studies from around the world,
age and underlying health conditions were positively associated
with COVID-19-related hospital admission. Patients = 40 years were
twice as likely to be admitted to hospital compared with younger
patients and overweight/obese or diabetic patients were 3-4 times
more likely to be admitted to hospital and ICU.

Using two different sequencing protocols, we successfully ob-
tained 115 full SARS-CoV-2 genomes from a representative patient
sample in Dubai. Our analysis showed that 20 out of the 272 unique
viral sequence variants identified in this cohort were novel. This
data, which was submitted to GISAID, contributes to the growing

variation catalogue of this novel virus and further delineates its mu-
tational landscape.

Our phylogenetic analysis showed that multiple early intro-
ductions of SARS-CoV-2 into the UAE during the earlier phase of
the pandemic (January - March 2020) (Alm et al., 2020; Harilal
et al., 2020; Tayoun et al., 2020) seeded significant clustering due
to community-based transmission subsequently between April and
June 2020. This clustering overlapped with the closure of Dubai
International Airport on March 25, 2020, further supporting the
community-based mode of transmission. The three major clusters
were an extension of the early European, Asian and Iranian strains
(Harilal et al., 2020), though strains of European origin constitute the
majority (60/115). Most of those strains (58/60) carried the D614G
mutation previously associated with higher infectivity rates (Volz
et al.,, 2020; Zhang et al., 2020). Thus, the closure of international
flights and the strict community-based transmission between April
- June 2020 in the UAE provides another epidemiological evidence
that the D614G mutation increases infectivity (16, 17) (Figure S1).

Our genotype-phenotype analysis suggests a possible associ-
ation between the Q271R missense and R41R synonymous mu-
tations in the S and N genes, respectively, and disease severity.
Those two mutations were very rare suggesting a strong negative
selective pressure. They were simultaneously identified in only 4
patients (2 in our cohort and 2 in GISAID EPI_ISL_426414 and EPI_
ISL_698928), 3 of whom did not have high risk of developing se-

vere disease outcomes (i.e. were either young or females without
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significant co-morbidities). No clinical information was available
for patient EPI_ISL_698928 who, according to GISAID, was sam-
pled in the UAE on 19th may 2020. Additional case level and/or
functional data is needed to prove this association. The Q271R
missense mutation is located in the N-terminal domain of S pro-
tein, outside the receptor binding domain (RBD), and its effect on
protein structure or function cannot be deciphered without addi-
tional functional analysis.

Strengths of the study included the recruitment of a represen-
tative sample of the Dubai population by systematically selecting
COVID-19 patients balanced by age, sex, disease severity and
month during the first wave of the outbreak in the UAE (January to
June 2020). Another major strength was the integration of detailed
sociodemographic, clinical and viral genomic data to explore the
relationship between different viral strains and disease severity.
The main limitation was the inability to complete (full) whole ge-
nome sequencing on all samples most likely due to low viral load
issues in the asymptomatic and mild cases. Overall, our findings
contribute important clinical and novel molecular epidemiological
data to the SARS-CoV-2 literature showing continued community-
based transmission of the European strains in the Dubai population
and new mutations that might be associated with severe disease
in otherwise healthy adults. Our study has identified a missense
(Q271R) and synonymous (R41R) mutation in the S and N proteins

that might be associated with severe disease in otherwise healthy

adults. The novel SARS-CoV-2 mutations identified in our repre-
sentative sample of the Dubai population should be explored in
other global populations, and we urge researchers conducting ge-
netic and phylogenetic sequencing studies to collect detailed clin-
ical data to explore the association between different viral strains

and disease severity.
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