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Abstract

Background: The United Arab Emirates (UAE) was the first country in the Middle East to
report severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.
Serosurveys are essential to understanding the extent of virus transmission. This cross-
sectional study aims to assess the seroprevalence of SARS-CoV-2 infection in the
Emirate of Abu Dhabi.

Methods: Between 19 July and 14 August 2020, 4487 households were selected using a ran-
dom sample stratified by region and citizenship of the head of household (UAE citizen or
non-citizen). A cluster sample of 40 labour camps was selected. Data on socio-demographic
characteristics, risk factors and symptoms compatible with coronavirus disease 2019
(COVID-19) were collected. Each participant was first tested by Roche Elecsys® Anti-SARS-
CoV-2 assay, followed, when reactive, by the LIAISON® SARS-CoV-2 S1/S2 IgG assay.
Results: Among 8831 individuals from households, seroprevalence was 10-4% [95% con-
fidence intervals (Cls) 9-5-11-4], with higher seroprevalence in Abu Dhabi and Al Ain
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regions compared with those in Al Dhafra. In households, we found no sex difference
and UAE citizens had lower seroprevalence compared with those of other nationalities.
Among 4855 workers residing in labour camps, seroprevalence was 68:6% (95% CI 61-7—
74-7), with higher seroprevalence among workers from Southeast Asia. In households,
individuals with higher body mass indexes demonstrated higher seroprevalences than
individuals with normal weight. Anosmia and ageusia were strongly associated with se-

ropositivity.

Conclusions: The majority of household populations in the Emirate of Abu Dhabi
remained unexposed to SARS-CoV-2. In labour camps, SARS-CoV-2 transmission was
high. Effective public health measures should be maintained.

Key words: Serosurvey, UAE, labour camps, households

Key Messages

those of other population-based serosurveys.

CoV-2 spread in congregate working settings.

* This is the first regional report on severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) seroprevalence in
the United Arab Emirates and the Middle East with >13000 participants.
* We found a low seroprevalence among residents of households in the Emirate of Abu Dhabi that is comparable to

* Conversely, we observed substantially higher seroprevalence in labour camps, reflecting the high efficiency of SARS-

Introduction

The World Health Organization recommends that coun-
tries should conduct periodic severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) serosurveys. These
population-based seroprevalence studies are vital for evalu-
ating the proportion of the population that possess anti-
bodies

individuals. Moreover, serosurveys can help to determine

against the virus, including asymptomatic
those individuals who lack antibodies and thus are poten-
tially susceptible to the infection. Such data are crucial for
public health efforts to minimize the impact of the corona-
virus disease 2019 (COVID-19) outbreak.’

To date, few population-based serosurveys on SARS-
CoV-2 have been conducted worldwide, and most studies
have been conducted in countries with homogeneous popu-
lations.”™ The United Arab Emirates (UAE) has a unique
socio-demographic structure comprising a large commu-
nity of expatriates originating from >200 nationalities,
most of whom are engaged in the labour work sector. The
first confirmed case of COVID-19 in the country was
reported on 29 January 2020.° As of 14 January 2021, the
UAE has reported 242969 confirmed cases, including
26423 active cases, 215820 recovered cases and 726
deaths.” The UAE government has issued guidelines advis-

ing quarantine for individuals who may have been in

contact with someone infected and has regularly broad-
casted messages to the public emphasizing the use of face-
masks, hand hygiene and maintenance of social distancing.
Furthermore, countrywide drive-through SARS-CoV-2 po-
lymerase chain reaction (PCR) testing has been intensified,
with 15.7 tests per 1000 of the population as of 13 January
2021.8

The present study aimed to assess the seroprevalence of
SARS-CoV-2 infection in the Emirate of Abu Dhabi, UAE.
The Abu Dhabi Public Health Center has planned periodic
cross-sectional serosurveys among a representative sample
of the general population, including households and labour
camps. We report the findings from the first cross-sectional
survey that was conducted between 19 July and 14 August
2020, using an orthogonal testing algorithm that employs
two sequentially independent serological tests. This ap-
proach was adopted to increase the positive predictive
value of a positive result.’

Methods
Study design and setting

This cross-sectional study was conducted in the Emirate of
Abu Dhabi—the largest among the seven federal emirates
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of the UAE—which has a total estimated population of
2566525 individuals.'® We separately surveyed cluster
samples of households and of labour camps from three
regions in the Emirate of Abu Dhabi (Abu Dhabi, Al Ain
and Al Dhafra), considering that labour-camp workers ex-
hibit different socio-demographic characteristics compared
with the household population. Overall, there are 374 357
workers in 233 labour camps in the Emirate of Abu Dhabi.
The UAE government mandates that work establishments
with >50 workers provide accommodation for those
workers. The accommodation must be well lit, air-condi-
tioned and well ventilated, with each individual allocated
at least 3 square metres of space. In addition, there should
be a medical service room, prayer room and laundry

I'OOI‘[I.ll

Household sampling

The household survey was administered to a two-stage
sample obtained from the Emirate of Abu Dhabi popula-
tion; workers living in camps were excluded from this sur-
vey. In the first stage, sampling was stratified by region
and the head of household’s citizenship (UAE citizen or
non-citizen) according to the Statistics Centre of Abu
Dhabi (SCAD). In the second stage, a cluster sample of
households was selected from each stratum. The number
of households in each stratum was estimated assuming the
average household sizes reported by SCAD (citizen house-
holds were assumed to have 12 members and non-citizen
households were assumed to have 4 members). Alternate
households were selected from each stratum in each region
according to the study targets. If a household was unwill-
ing to participate in the study or if the household doorbell
was not answered, the next household was selected in-
stead. All residents in the sampled households were invited
to participate in the study, irrespective of age or prior
COVID-19 infection. The exclusion criteria included the
refusal to provide informed consent or contraindication to
venipuncture.The sampling plan targeted a total sample
size of 4247 households from an estimated 446 883 house-
holds in the total population. This sample size can ade-
quately estimate the proportion of households having at
least one seropositive member with 95% confidence and
an error of estimation of 1-5%, assuming that 20% of
households have at least one seropositive member. The tar-
get and actual sample sizes are shown in Supplementary
Table S1, available as Supplementary data at IJE online. A
total of 8831 participants in 4487 households were in-
volved in this study, representing 0.4% and 1.0% of the to-
tal household population and total number of households
in the Emirate of Abu Dhabi, respectively. This level of
sampling coverage is comparable to that in analogous

COVID-19 population-based seroprevalence studies, e.g.
the ENE-COVID Study” in Spain and the SEROCoV-POP
study’ in Geneva that sampled, respectively, 0.1% and
0.6% of their total target populations and 0.2% and 0.7%
of their total numbers of households (Supplementary
Materials, available as Supplementary data at IJE online).

Labour-camp sampling

A cluster sample of labour camps was selected from each
region to estimate the prevalence of seropositive workers
with 95% confidence and an error of estimation of 1-5%,
assuming a seropositivity rate between 20% and 30%.
Camps with fewer than five workers were excluded.
Overall, 40 camps were selected from the three regions.
Approximately 15% of the workers were randomly se-
lected from each of the sampled camps. A list of labour-
camp workers present during the study visit was ordered
alphabetically by last name. If one of the selected workers
was unable to participate in the study, another worker
listed after or before the first worker was selected instead.

Data collection

Fieldwork was conducted by trained interviewers who
were responsible for data collection using an electronic
data-capture tool (Explorance Blue, Montreal, Canada)
with electronic devices. Blood samples were collected by
registered nurses and phlebotomists. All fieldwork mem-
bers underwent infection-control training and were pro-
vided with personal protective equipment. After obtaining
informed consent, the interviewers used the electronic
data-capture tool (Study questionnaire, Supplementary
Materials, available as Supplementary data at IJE online)
to collect data on socio-demographics, possible risk factors
and clinical symptoms compatible with COVID-19.

Blood sampling

Collection and processing

On recruitment into the study, 6- to 8-mL peripheral ve-
nous blood samples from each adult participant and 3- to
4-mL samples from each child aged <14 years were col-
lected. The samples were kept at 15-25°C until delivery
within 24h of collection to the National Reference
Sheikh Khalifa Medical City
Laboratory Institute. At the laboratories, the serum was

Laboratory and the

separated from the whole blood and tested using the Roche
Elecsys® Anti-SARS-CoV-2 assay (Roche Diagnostics,
Rotkreuz, Switzerland). Samples that tested positive were
then aliquoted into two cryovials and stored at —80°C for
further analysis using the Diasorin Liaison® SARS-COV-2
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$1/S2 IgG (DiaSorin, Saluggia, Italy) (Analytical methods,
Supplementary Materials, available as Supplementary data
at IJE online).

Statistical analysis

Data were analysed using SPSS statistical software (IBM
Corp, Version 26.0, Armonk, NY) and Stata statistical
software (StataCorp, Version 15.1, College Station, TX).
We used the complex survey analysis functions to consider
the survey designs (stratification and clustering). Because
the age-group distribution in the official census from
SCAD did not differentiate between camp workers and
households in the population, we were unable to perform
post-stratification standardized weighting to adjust for dif-
ferences in the distributions of the age groups between the
sample studied in households and camps and their respec-
tive population. Having adopted an orthogonal testing al-
gorithm, we also adjusted the final seroprevalence
estimates for the sensitivity and specificity of the used tests
(Supplementary Materials, available as Supplementary
data at IJE online).

Demographic data are expressed as numbers and per-
centages. The prevalence of seropositivity is expressed as a
percentage with 95% confidence intervals (Cls). The asso-
ciations between seroprevalence and possible risk factors

and symptoms were analysed using the Chi-square test in
the univariate model and expressed as odds ratios (ORs)
with 95% CI; these associations were also evaluated in a
multiple logistic-regression model adjusting for confound-
ers and expressed as adjusted ORs (aORs) with 95% CI.

Results

Seroprevalence according to socio-demographic
characteristics

Households

Data were collected from 8831 individuals living in 4487
households (Figure 1A). The crude positivity rate based on
the first test result was 11:3%. The estimated seropreva-
lence after adjusting for the sampling design and test char-
acteristics for all participants in households was 10-4%
(95% CI 9-5-11-4) (Table 1A). Abu Dhabi and Al Ain
showed higher seroprevalence compared with that in
Al Dhafra. The middle age groups (20-29, 30-39 and
40-49 years) demonstrated higher seroprevalence than the
younger or older age groups; however, this difference was
not observed after adjusting for potential confounders, in-
cluding region, sex, occupation and nationality. Similarly,
although males showed higher seroprevalence than
females, this difference was not observed after adjusting
for potential confounders. UAE citizens accounted for

Emirate of Abu Dhabi
Total population (excluding camp
workers):
2,192,168 individuals

|

Stratum No. 1

Abu Dhabi Region —
Households (HH) whose
head is a UAE citizen
27,111 HH

Stratum No. 2

Abu Dhabi Region =
Households {HH) whose
head is non- citizen
233,777 HH

Stratum No. 3

Al Ain Region =
Households {HH) whose
head is a UAE citizen
20,704 HH

Stratum No. 4

Al Ain Region =
Households (HH) whose
head is non- citizen
117,234 HH

Stratum No. 5

Al Dhafra Region -
Households {HH) whose
head is a UAE citizen
2,766 HH

Stratum No. &

Al Dhafra Region =
Households (HH) whose
head is non- citizen
45,291 HH

Cluster sample No. 1

Sampled 457 HH from
Stratum No. 1

Cluster sample No. 2

Sampled 1,900 HH from
Stratum No. 2

Cluster sample No. 3

Sampled 406 HH from
Stratum No. 3

Cluster sample No. 4

Sampled 1,363 HH from
Stratum No. 4

Cluster sample No. 5

Sampled 31 HH from
Stratum No. 5

Cluster sample No. 6

Sampled 330 HH from
Stratum No. &

Collected data from 959
subjects from cluster
sample no. 1

Collected data from
2,935 subjects from
cluster sample no. 2

Collected data from
1,360 subjects from
cluster sample no. 3

Collected data from
2,054 subjects from
cluster sample no. 4

Collected data from 273
subjects from cluster
sample no. 5

Collected data from
1,250 subjects from
cluster sample no. 6

Collected data from 8,831 subjects

Figure 1A Flowcharts describing the sampling frame from (A) households and (B) labour camps
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Emirate of Abu Dhabi
Total of 233 camps
374,357 workers

Stratum No. 1 Stratum No. 2
Abu Dhabi Region
78 camps
319,466 workers

Al Ain Region
130 camps
18,020 workers

Stratum No. 3

Al Dhafra Region
25 camps
36,871 workers

40 camps selected.
Primary cluster units.

Cluster sample No. 1 Cluster sample No. 2

Sampled 7 camps
from Stratum No. 1

Sampled 20 camps
from Stratum No. 2

Cluster sample No. 3

Sampled 13 camps
from Stratum No. 3

15% of the workers from each
camp were enrolled.

Collected data from
864 subjects from
cluster sample No. 2

Collected data from
2,092 subjects from
cluster sample No. 1

Collected data from
1,899 subjects from
cluster sample No. 3

Collected data from 4,855 workers

Figure 1B Flowchart describing the sampling frame from labor camps.

21-0% of all participants and had lower seroprevalence
(3-4%, 2-2-5-2) compared with that of other nationalities
(12%, 10-9-13-3). Among non-UAE citizens, Southeast
Asian and Far East Asian individuals showed higher
seroprevalence.

Labour camps

We selected 40 camps from the three regions of the
Emirate of Abu Dhabi and randomly sampled 4855 work-
ers (Figure 1B). The crude positivity rate based on the first
test was 73-8%. The estimated seroprevalence for all la-
bour-camp workers after adjusting for the sampling design
and test characteristics was 68-6% (61-7-74-7) (Table 1B).
No differences were observed across age groups or regions.
However, labour-camp workers residing in small camps
(comprising 5-99 workers) showed higher seroprevalence
compared with medium- and large-sized camps. Compared
with Arab workers, workers from Southeast Asia, Far East
Asia and Africa showed higher seroprevalence. In particu-
lar, workers from Southeast Asia exhibited a 90-9% sero-
prevalence [aOR=12-1 (3-9-37-1)]. Workers in the

construction sector demonstrated the highest seropreva-
lence estimates [83-:6%; aOR = 5-2 (2:9-9-4)].

Seroprevalence according to self-reported risk
factors

Households

In households, the odds of having SARS-CoV-2 antibodies
were five times higher [aOR =52 (3-1-8-2)] (Figure 2 and
Supplementary Table S2A, available as Supplementary
data at IJE online) in individuals who self-reported a his-
tory of contact with persons with COVID-19 than those
who had not. Individuals with higher body mass indexes
(BMIs) demonstrated higher seroprevalences. Individuals
who self-reported experiencing neurological diseases had
higher seroprevalence [aOR=5-3 (1-1-24-8)]. However,
no other co-morbidities were associated with higher sero-
prevalence. Furthermore, individuals who self-reported re-
ceiving an influenza vaccine in the previous season
demonstrated lower seroprevalence than those who did not
receive the vaccine. However, this difference was not ob-
served after adjusting for potential confounders.


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab077#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab077#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab077#supplementary-data

International Journal of Epidemiology, 2021, Vol. 50, No. 4

1082

(panunuo))
€620 (€7-€0) 60 7010 (§7-9:0)T1 (L:0T-0°€) 8 (€ TT-2€) 99 (6'7) §ST qedy-uou uedLyy
¥00-0 (9¢-¢T) 1T 6000 (L€=ST) T (T-ST-S-£) £01 ('91T-¢-8) 811 (9:8) 19~ ueIsy 1seq Iej
100-0> (0+-T7 67T 6650 (T9-L€) 8 (8:TT-S"L1) S61 (9-€T-T'61) T1IT (8'+€) £L90€ UBISY 1SBaYINOG
VN AUIY - ERLECREIEN | (6:$=6°€) LY (€9-T¥) 1S (6°C8) 199 qesy
Aprugy
VN 9oUDIY VN ERLECREIEN | (T61-L9) S 11 (917-0°8) ¥€1 (g€) €8T ayd/rIseN
6180 (1'T-9°0) T'1 0£¥°0 (S T-+0) 80 (L:01-6L) T6 ($'11-9-8) 001 (9:5€) 650¢€ Aysraatun/agaj00)
¥S¥0 (9T-L0) €1 6850 (9:1-5-0) 80 (S T1-+8) 66 (0°€1-9'6) T11 (9:7) T0TT [ooyds £1epu033g
0500 (€%0T) 1T 9580 (07-9:0) T'1 (0:S1-86) T'T1 (S-ST-+01) LT1 (1-£2) 0€€T Jooyds Arewitig
€600 (v'¥#-6'0) 0T 78.°0 (TT90) T'1 (L91-v6) STT (691-L6) 6T1 (¥8) 1L [ooyds oN
—u>o_ ﬁomawuﬁﬁm—
6£0°0 (0€-0T) 81 100-0> (19-$7) 6°€ (¢ €T-60T) TT (€¥T-6TT) T-€1 (0-6L) SL69 $19P0
VN 90UDIIY VN ERLSCREIEN | (TSt ve ($'s+7) 9¢ (0'TT) 8581 [euoneu gy
AneuoneN
6800 (LT-0T) €1 100:0> (LT-LT1)TT (9¥T-LTT) T-€1 (L-ST-8TT) TH1 (T¥S) 88L% S[EIN
VN ERLECREIEN | VN ERLECREIEN | (8:£-€6) S9 ('8-6'S) 1L (8:S¥) Svov drewdg
xum
VN ERLECREIEN | VYN 9OUDIY (Ts-21) 1€ ($—61)T€ (1-€7) L£0T eayey( |V
100-0> (¢:6-21)0€ 100-0> (6:L~vT) LEY (I¥1-$-01) TT1 (L¥1-01T) LT1 (€£€) 86T€ ury [y
100-0> (L:S—81)T¢€ 100-0> (SL=¢T)TY (b €1-401) 811 (8¥1-9-11) I'€1 (9:6€) 86+€ Iqeyq nqy
uoigoy
VN UIY VN 9UIYIY (6:6-1:€) 9 (6:0T-0'%) 99 (T2 161 09<
YIS0 (8:7-9:0) €1 $80°0 (9:¢-60) 81 (LTI-vL) L6 (€1-1-8) +-01 (1-9) vS+ 6S—0S
9950 (97-9:0) T1 6700 (6€-1T) 1T (671-1°6) 8:01 (8%1-5-0T) S T1 (T¥T) 85T1T 6v—0%
0810 (t'€-8:0) 91 ¥00-0 (8%—€T) ST (0-ST-T1T) 0°€1 (T91-¢71) T'¥1 (1-£7) €6€T 6£-0€
9010 (1+-60) 61 €100 (S¥-TT) €T (6¥1-L6) 0°TT (S1-6'6) T'TIT (Ts7) LTt 67-0T
85,0 ($T-€0) 80 €780 (6:1-5°0) 60 (S£=§€) TS (LL=L€) ¥ S (0°11) L6 6101
SI+0 (1-2-2°0) 90 670 (9:1-2°0) 90 (8:9-£1) §°€ (9:9-£1) € (6:T1) ThIT 6-S
€480 (9:9-1-0) 80 £66°0 (' ¥=70) 01 (L-81-+1) 9§ (T8T-v1) ¥ S (2 c61 0
(s1ea4k) 28y
VYN VYN VN (' 11-56) ¥°01 (T1-€01) €11 (007) 1£88 syuedonred [y

(1D %S6)
% ‘SO1SLI2IOBIBYD (ID %S6)
3593 pue ugisap Surd % ‘ugisap Surd
d 4O parsnlpy d MO passnlpeupn -wes 10§ paisnlpy -wes 10§ paisnlpy syuedonred o (9,) equnN

(wy3rogpe
[eu0301310) 9A13
-1sod axe 3891 ylog

1591 43070198

1511} UO 2ATIISO]

spljoyasnoy wouJy syuedioied | £88 O so11sIaloeIeyd [B1auab pue g-A0)-SHYS 40 dousjeaaldolas pajewiisy yL ajqel



1083

-31qedtdde J0u ‘YN ‘0131 SPPO YO [BAIAIUI DUIPYUOD I

6 1-AIAOD Y3m 10e3u00 pue uonednddo ‘A3diuyle ‘Arjeuoneu ‘uoneanps xas ‘uoidar 93e 1oy Junsnlpe uoissardar ousigoy,

€200 (9'%-6°0) €670 (Ls—T1) 9T (1'17-8:01) TSI (¢Tc-1-21) 991 (6 PYO
8660 (6:T-€0) LT6°0 (94-9:0) L1 (8'61-8%) I-01 (9:61-0°S) T01 (9 uewussaursng
0400 (€:9-60) 1410 (6:9-1T) LT (€:97-8-8) 9-S1 (9:67-9-8) T-S1 (8 ToSeue N
§91-0 (¢-5-8-0) €200 (071-8°T) 9t (0°6€=S-€T) 04T (0-€—+9T) 8:LT (0 Ansnput poo,
€900 (8%-0T) 6C1L0 (L6-17) S¥ (8 T€-L9T) v€T (¢-€€-8LT) 8%C (T JTodnoqe]
1600 (L¥=60) 100 (T0T-6T) ¥+ (8:€€-0-ST) 0 mN (0-§€-9-9T) 9 ¢N (2 SIES
860 (9:-t0) ¥19-0 (0€=$0) T1 (9€T-T¥) 9 (T41-8¥) € (2 Aumoag
1910 (6€-80) 8 100-0> (0°s-0'1) ('61-6'8) w.g (T61-06) m.mﬁ (0 IYIOM
9660 (t-T-¥-0) 1820 (£-1-€0) (0-8-9-7) S+ (8:L=50) v+ (0 Jaydea],
8¢€€0 (Te-20) L£9°0 (€£=L1) (0:ST—9%1) T61 (£'9T-6°ST) 8-0C (1- Ansnpur uoneyodsues ],
€110 (0+-60) 100-0> (0§-11) €C (1-61-t6) S€1 (8-TT+11) €91 (9 MDYPO
700 (8:0-1-0) 1100 (z1-70) (L:§=S'1)0°€ (8:5-8°1) N.m (6 193I0M 9SNOH
7190 (9790 1vL-0 (8:2-90) (#11-9:6) 08 (TTI-79) 8 9JIMISNOH
500 (1'¥-0°T) 0100 (8:5—+1) (¢:07-€1) €91 (9 TT-1%1) S 5 IJIAIS
£0€0 (1-€-2:0) §°1 100 (87-9:0) €1 (T11-9) T8 (L'T1-69) 8 QUON
VN JUIYIY dUIY (rTT-+€) €9 (6-€T-L€) € SIedyi[esH
uonednooQ

VN VN VN VN VN VN sedLemry
119:0 (4-€-1-0) £ €L¥0 (0-€-70) L0 (6TT-L0) T*€ (ST1-L0) 1€ ueadomyg

(ID %S6)
% SONSII210BIRYD (1D %S6)
1531 pue ugisap Surd % ‘ugisap Surd
d O pasnlpy d MO passnlpeun -wes 10§ paisnlpy -wes 10§ paisnlpy syuedionred jo (9,) oqunN
(wyatrode

[euoSoy1I0) 2An3
-1s0d a1e 51591 yrog

1591 £30[013s
1SI1J UO 9ATISO]

International Journal of Epidemiology, 2021, Vol. 50, No. 4

panunuo) Vi ajqeL



International Journal of Epidemiology, 2021, Vol. 50, No. 4

1084

(panunuoy)

100-0> (+-8T) 8T 100-0> (1:9-40 T+ (L-6L=%L9) ObL (t-$8-£-€L) T°08 (e¥) L0T 1odppH
100-0> (9-€-9'T) +C 1000> (e+-07) 6T (6LL-T4S) T-L9 (8:18-+95) L-0L (b¥) S1T Ansnpur poo,
100-0> (t6-67) TS 100-0> (8TI-TH) €L (8-88-8-94) 9-€8 (6:56-€-58) T-T6 (+-7) STT TondNIISu0D
1000 (be-€T) T-C 100-0> (6+-1-7) T-€ (5-08—+€S) §-89 (9-68-0'6S) 6°LL (87)9¢t Sutues))
uonedninQ
100-0> (1-£8-6°€) T-T1 100-0> (0-07-1-6) S*€1 (§:$6-1-78) 606 (L18-STL) 0LL (+-98) L6T+ SUBISY 1SBAYINOS
VN (VN ‘YN) 0T 990 (VN ‘YN) 0 00 (VN ‘YN) (10-0) T SUBILIDWY YHON
100 (TL1-¥1) 6% 100-0> (¢8-0€) 6t (8:01-9-0) 8-C (6'T1-L0) T°€ (6€) T61 SuBISy 15y T8
VN 20UIIY VN aoudIFY (6:1-+°0) 60 (TT=50 01 (I'¥) 10T sqery
100-0> (6:66—+€) 811 100-0> (e1T-1L) €T (t€1-72) §°§ (0¥1-T20) 'S (+-6) +9T (sqery-uou) uesryy
Aprugy
700 (8:0-60-0) 0 S10°0 (£-0-T-0) T°0 (9-+9-8:07) 6:0% ($-+9-8-07) 6:0+ (+-0) T qyd/siaIseN
100-0> (§-0-7-0) €0 100-0> (9-0-7:0) +-0 (§:L5-€-€¥) ¥-0S (8:79-6'9%) 0-SS (S+1) s0L Ayistoa1un/533[100)
900 (0-1-5-0) L0 ST0 (1-1-9-0) 8-0 (8-€£-9-09) §-L9 (0-6£-0-59) 9-TL (S2€) 1781 [ooyds 41epuodag
¥1-0 (9-1-6:0) T'1 600 (L1-60)T1T (+-18-0-04) T°9L (8:98-L+L) S-18 (S-8€) 1481 Jooyos Arewtig
VYN SOUDIYY VN ERUERIEN | (6:6L-T-T9) €1L (9-98-8-59) 6-LL (68) sev [ooyds oN
Eomuwusﬁm—
Y10 (T°1-2°0) §0 8100 (8:0-1:0) €0 (0-82-7'19) £0L (L-€8-L59) 6°SL (T-12) ¥S¥E (0001<) 281e]
1100 (L-0-1:0) €0 7000 ($-0-1:0) T°0 (§:0L~5S) €€9 (€:62-1:65) 8:L9 (9:£7) 8¢¢€1 (666-001) wWnIpajy
VN 20UIIY VN aoudIgY (6:€6=T°9L) 28 (£-56-08) $-06 (1) €9 (66=S) ITeWs

(s1dp10M
wo uvﬂEﬁﬂv onm &ENU
850 (T°T-9:0) 11 760 (8:1-+°0) 60 (L-€£-9:09) §°L9 (6LL~¥+9) 9 1L (1-6€) 6681 eleyq [V
610 (1-€-8-0) §°1 89-0 (LT-50) 1T (+-78-7-8S) 8:1L (t+8-T-19) 0-9L (8:21) ¥98 ury [y
VN 20UAIYY VN ERUERSIEN | (L-6L-T+S) T'89 (T-98-8-8S) 6'+L (1-€¥) T60T 1qeyq nqy
uordoy
VN VN LE0 (£-1-7:0) 90 (§:6L-9-%€) 6:8S (t-6L-S+€) 8-8S (€0) LT 09<
790 (ST-s-0)T1 €40 (T1-9:0) 60 (£-9L-8-8S) -89 (1-08-T-29) 7L (0-S) €vT 65-0S
680 (91-9:0) 0'1 850 (T1-9:0) 60 (b€L-€19) L°L9 (9:6£=799) S €L (T8) €88 6¥—0%
680 (€:1-80) 01 19:0 (1'1-2:0) 60 (T¥L—919) €89 ($-08—€99) T¥L (8'6€) €€61 6£-0€
VN ERUEICIEN | VN OUIAY (€:£2-9:09) §°69 (4 18-1:S9) T'+L (£:9¢) 621 6781
(s1ea4k) 28y
VN VN VN VN (L¥L=LT9) 989 (T°08-7'99) 8-€£ (00T) SS8% syuedonared [y

(ID %S6)
% ‘SonsLIOBILYD (ID %S6)
3593 pue ugisap Surd % ‘ugisap Surd
d O pasnlpy d MO passnlpeun -wes 10§ paisnlpy -wes 10§ paisnlpy syuedonred o (9,) JequnN

(wyrode
[eu0301310) 9413
-1sod a1e 3891 ylog

3591 £30[013s

3S11J WO 9ATIISO]

sdwied unoge| Wolj SI9)I0M GG8Y JO SO1ISIIalorIRYD [B1aUaB pue g-A0)-SHYS O ddusjeaaldolas pajewiisy gl ajqel



International Journal of Epidemiology, 2021, Vol.

50, No. 4

1085

Table 1B Continued

Both tests are posi-

Positive on first

tive (orthogonal

serology test

algorithm)

P Adjusted OR?

Adjusted for sam- Unadjusted OR

Adjusted for sam-

Number (%) of participants

pling design and test

pling design, %

characteristics, %

(95% CI)

(95% CI)

<0-001
<0-001
<0-001
<0-001
<0-001

NA

36
29

<0-001
<0-01

2.7

<0-001
<0-01

36

<0-001

Reference
2.3 (1.7-33)
1.5 (1.0-2.3)
2.7 (1.8-4-0)

NA
<0-001
<0-001
<0-001

Reference

<0-001
<0-001
<0-001

3.0 (2.2-4-1)
1.3 (2.0-9-9)
3.0 (2-1-4-5)

82.7

1359 (28-2)

Industrial

77-6

822 (17.0)

Labourer

69-4

131 (2-7)
112 (2-3)

453 (9-4)

Machine operator

77-6

Mechanic
Other

62-4

439

246 (51)

Security

72-3

643 (13-3)

Service

526

150 (31)

Supervisor

72-1

230 (4-7)

Transportation

*Logistic regression adjusting for age, region, sex, education, nationality, ethnicity, occupation and contact with COVID-19.

CI, confidence interval; OR, odds ratio; NA, not applicable.

Labour camps

Similar to households, labour-camp workers who self-
reported a history of contact with individuals with
COVID-19 had higher seroprevalence than those without
[789% (75-3-82-2); aOR=2-1 (1.6-2-7)]
(Figure 2 and Supplementary Table S2B, available as

contact

Supplementary data at IJE online). Further, current smok-
ers among labour-camp workers showed lower seropreva-
lence [57-8% (50-8—64-6)] than non-smokers [aOR =0.56
(0.4-0.6)]. The

workers were similar among different BMI categories, co-

seroprevalences among labour-camp

morbidities and chronic medications.

Seroprevalence according to clinical
characteristics

Households

In households, individuals who reported having no symp-
toms showed a low seroprevalence of 9-9% [8-9-10-9;
aOR =04 (0-3-0-7)] (Figure 3 and Supplementary Table
S3A, available as Supplementary data at IJE online).
Conversely, individuals who self-reported experiencing
any symptom compatible with COVID-19 showed higher
seroprevalence than those who did not [23-5% (17-2—
31-1); aOR=2.5 (1-6-3-9)]. Specifically, individuals who
self-reported having high fever, fatigue, anosmia, ageusia,
myalgia, sore throat and diarrhoea had higher seropreva-
lence than those who did not. For example, 59-2% of those
who self-reported ageusia were seropositive [aOR =158
(5.7-43-5)].

Labour camps

In the labour camps, workers who reported having any
symptom compatible with COVID-19 had higher seroprev-
alence than those without reported symptoms [78:6%
(71-4-84-4) vis 66-8% (59-8-73-1); aOR=1-8 (1-4-2-3)]
(Figure 3 and Supplementary Table S3B, available as
Supplementary data at IJE online). Of note, 88-9% of
those who self-reported anosmia were seropositive
[aOR = 3-8 (1-8-7-9)]. Additionally, 87-7% of those who
self-reported ageusia were seropositive [aOR=3-6 (2:2—

5-9)].

Discussion

The results of this study provide important insight into the
status of the COVID-19 outbreak in the Emirate of Abu
Dhabi. Almost 6 months from the start of the pandemic
and towards what appeared to be the end of the first wave,
our analysis reveals that almost 10% of the Abu Dhabi
population residing in households had evidence of past


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab077#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab077#supplementary-data
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A Households (n=8,831 participants)
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B Workers in camps (4,855 participants)
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Figure 2 Association of SARS-CoV-2 seroprevalence with self-reported risk factors by households (A) and camp workers (B)

Adjusted odds ratios (with 95% confidence intervals) for sampling design and test characteristics, controlled for age, region, sex, education, national-
ity, ethnicity, occupation and contact with COVID-19 in a logistic-regression model. A risk factor for which the odds ratio 95% confidence intervals
cross the value of 1 (solid horizontal line) is not associated with seropositivity.

SARS-CoV-2.
Conversely, we found higher SARS-CoV-2 seropositivity

exposure Or immune response to
estimates of 68-6% among labour-camp workers.

The low estimated seroprevalence among residents of
households in Abu Dhabi is comparable to other popula-
tion-based studies suggesting that a large majority of the
population worldwide appears to have remained unex-
posed to SARS-CoV-2.>%'? The countrywide lockdown

and adherence to social distancing in the few months prior

to the study are potential contributors to the observed low
seroprevalence.

Unlike the earlier population-based studies in Geneva
and Spain that excluded institutionalized populations (i.e.
persons who were not members of households), this study
presents findings from a densely populated area (i.e. labour
camps) where congregate living and adherence to social
distancing are major challenges for reducing viral transmis-
sion. Among 382 US navy-service members aboard an
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A Households (n=8,831 participants)
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B Workers in camps (4,855 participants)
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Figure 3 Association of SARS-CoV-2 seroprevalence with self-reported preceding clinical symptoms by households (A) and camp workers (B)

Adjusted odds ratios (with 95% confidence intervals) for sampling design and test characteristics, controlled for age, region, sex, education, national-
ity, ethnicity, occupation and contact with COVID-19 in a logistic-regression model. A symptom for which the odds ratio 95% confidence intervals
cross the value of 1 (solid horizontal line) is not associated with seropositivity.

aircraft, 60% had reactive antibodies following a COVID-
19 outbreak."® Similarly, in an adult homeless shelter in
Boston, SARS-CoV-2 PCR testing revealed a 36% positiv-
ity rate."® These findings highlight the high efficiency for
SARS-CoV-2 transmission in these settings and calls for
implementing effective public health measures. In line with
the national screening programme for COVID-19 in the
UAE, a comprehensive 6-week screening and testing cam-
paign was conducted in the Musaffah area in Abu Dhabi

region, a large industrial area with several labour camps.
The campaign delivered streamlined healthcare and sup-
port services, including intensified PCR testing and multi-
language awareness programmes that utilized popular so-
cial figures to convey messages on precautionary measures.
Despite the efforts of the UAE and Abu Dhabi government
in implementing a structured multidimensional approach
to reduce the risk of COVID-19 transmission among this
group, challenges do continue to exist. Controlling the
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transmission in labour camps requires collaboration from
the three parties; government, labour communities and
employers. Employers and the private sector should sup-
port the government in its efforts to control the transmis-
sion. Active engagement of employers in contact tracing,
regular testing and vaccination campaigns for their
employees is crucial. Moreover, interventions targeting
crowding in labour camps such as reducing capacity
and adding new beds in separate locations may reduce
COVID-19 risk, as has been suggested for nursing homes
and shelter houses."’

In the households survey, we observed regional differ-
ences, with seroprevalence estimates in Abu Dhabi and
Al Ain that were three times higher than that observed in
Al Dhafra. Although Al Dhafra is the largest among the
three studied regions, it has a smaller population density.
Regional variations in SARS-CoV-2 seroprevalences have
been also reported in the USA, with seroprevalence rates
of <5% in the west to >25% in the north-east.'?
Similarly, in Spain, the SARS-CoV-2 seroprevalence in
Madrid was five times higher than that observed in other
provinces.”

The higher seroprevalence in camp workers in compari-
son to those in members of households may have several
explanations. The studied household individuals and la-
bour-camp workers had different socio-demographic char-
acteristics. Almost all the labour-camp workers were male
and the majority were in the age range of 18-40years old,
whereas almost half of the household individuals were fe-
male and a significant portion were <20years old. For
these reasons, both gender and age were taken into consid-
eration when calculating the adjusted odds ratio in the fig-
ures and tables. Additionally, in contrast to the household
individuals who lived in residential villas and apartments,
the labour-camp workers resided in highly condensed
areas. Camp workers usually have their meals together and
are transported to and from their workplace by non-public
buses where workers from more than one camp are clus-
tered in the same transportation vehicle. These different
living conditions have implications on virus transmission
and necessitate tailored public health strategies.

Similar to other serosurveys, we found no sex differen-
ces in SARS-CoV-2 seroprevalence. We also found that
children and adolescent (0-19years) and older people
(>60years) had lower seroprevalence than the other age
groups.”> The fact that the study was conducted while
schools and day-care centres were closed for months could
possibly explain the observed low seroprevalence in chil-
dren. Likewise, the low seroprevalence in the elderly was
likely related to decreased social mixing in this age group.
In the labour camps, we observed no differences across age
groups.

Further, we found that Emirati citizens had lower sero-
prevalence compared with those of other nationalities. On
the other hand, individuals from Southeast Asia showed
the highest seroprevalence rates in both households and la-
bour camps. These observed differences are possibly
explained by variations in the socio-behavioural character-
istics of these different groups. In the USA, residents of
non-Hispanic Black and Hispanic neighbourhoods had
higher SARS-CoV-2 seropositivity rates when compared
with residents of predominantly non-Hispanic White
neighbourhoods.'? Further studies are needed to precisely
quantify the observed differences in nationality/ethnicity.

Moreover, we found that workers in the construction
sector had the highest seroprevalences. Construction work-
ers are at increased risk for COVID-19 exposure because
the nature of their job might not allow them to maintain a
physical distance of at least 2 metres. National and interna-
tional guidelines for workers on construction projects have
been published that emphasize the need to take necessary
preventive measures against COVID-19.6718

In addition, we found that close contact with individu-
als with COVID-19 increased the likelihood of viral trans-
mission in both households and labour camps. These
findings are consistent with other serosurveys and highlight
the importance of public health measures, including con-
tact tracing, quarantine and self-isolation.>'”

Remarkably, the present study found that individuals in
labour camps who are current smokers had lower SARS-
CoV-2 seroprevalence than those who were never-smokers
did. However, as we had no data on disease severity, we
cannot comment on any association between smoking and
infection severity. The issue of smoking and COVID-19
has been scientifically debated over the past few
months.>>*! A lower-than-expected prevalence of smoking
among COVID-19-infected patients has been reported in
observational studies.??>?® In contrast, other studies have
confirmed an increased risk for severe COVID-19 in those
with a history of smoking.”*** Additionally, smoking can
increase the lung gene expression of the angiotensin-con-
verting enzyme-2 receptor utilized by SARS-CoV-2 to enter
the host cell.*® Although we observed lower SARS-CoV-2
seroprevalence estimates in labour camps among current
smokers than those who were never-smokers, that observa-
tion was lacking among participants from households. As
we rely on participants’ self-reporting, it may be possible
that some participants did not accurately disclose their
smoking status. Taken together, observational data on the
relationship between smoking and COVID-19 should be
interpreted with caution.

Individuals with higher BMIs are at risk of developing
complications with COVID-19.?” In the households, indi-
viduals with higher BMIs were more likely to be
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seropositive than individuals with normal weight.
However, this observation was lacking in labour camps.
Additionally, well-known comorbid conditions, such as di-
abetes and hypertension, were not associated with higher
seroprevalences in labour camps. It is possible that rigor-
ous pre-employment health-screening programmes have
resulted in excluding those with pre-existing medical
conditions.*®

Consistently with other studies, fever, cough, anosmia
and ageusia were among the symptoms with the strongest
association with seropositivity.?”*° These symptoms
should be taken into consideration when developing guide-
lines for case isolation, contact tracing and testing
strategies.

A key strength of our study in comparison to other pop-
ulation-based serosurveys (e.g. the Spanish study) is the use
of a more sensitive and specific technique to screen for
antibodies in contrast to using Point of Care test (POCT)
that has lower sensitivity and specificity. In the Spanish
study, independent validation of the POCT returned a sen-
sitivity of 82:1% for IgG, whereas the independent valida-
tion in our study returned a sensitivity approaching 90%
(89:9%) for the first serology testing method (Roche
Elecsys® Anti-SARS-CoV-2 assay) (Analytical methods,
Supplementary Material, available as Supplementary data
at IJE online).” We also enhanced the specificity by using
the orthogonal algorithm—applying a different method
that has different epitope targets (LIAISON® SARS-CoV-2
S$1/S2 IgG assay). Although this approach increases the
positive predictive value for a positive test result (i.e. posi-
tive on both tests), negative results should be interpreted
with caution, as it takes 7-14 days for the immune system
to produce measurable antibodies.

Few limitations exist. First, some participants may have
not accurately recalled the answers for all questions in the
study questionnaire, resulting in possible recall bias.
Second, imprecision with ethnicity classification is proba-
ble, as nationality recorded on official documents (e.g.
passport) was used as a surrogate for ethnicity. Although
we collected data on clinical symptoms compatible with
COVID-19, we did not collect data on disease severity.
Further, although the overall sample size was large, certain
age groups in the household survey might be underrepre-
sented or overrepresented due to the fact that some individ-
uals were either not present in their households during the
time of the visit or refused to participate.

In conclusion, our study provides regional estimates on
SARS-CoV-2 seroprevalence reflecting wide variations be-
tween affected areas. The substantially higher seropreva-
lence estimates in labour camps reflects the high efficiency
of SARS-CoV-2 spread in congregate working settings.
The low estimated seroprevalence among residents of

households in the Emirate of Abu Dhabi is similar to other
serosurveys confirming that majority of individuals are still
susceptible for the infection. As the UAE and many other
countries have started rolling out COVID-19 vaccines,
findings from this study and similar population-based
serosurveys are useful for vaccine-prioritization decisions,
particularly for highly susceptible communities with lower
seropositivity rates. Nevertheless, until vaccination targets
are reached, social distancing and public health measures
to identify new cases and their contacts are indispensable
in the efforts to mitigate this pandemic.

Supplementary data

Supplementary data are available at IJE online.
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