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ABSTRACT
Introduction Arthropod- borne viruses (arboviruses) 
are of notable public health importance worldwide, 
owing to their potential to cause explosive outbreaks 
and induce debilitating and potentially life- threatening 
disease manifestations. This systematic review and meta- 
analysis aims to assess the relationship between markers 
of socioeconomic position (SEP) and infection due to 
arboviruses with mosquito vectors.
Methods We conducted a systematic search on PubMed, 
Embase, and LILACS databases to identify studies published 
between 1980 and 2020 that measured the association of SEP 
markers with arbovirus infection. We included observational 
studies without geographic location or age restrictions. We 
excluded studies from grey literature, reviews and ecological 
studies. Study findings were extracted and summarised, and 
pooled estimates were obtained using random- effects meta- 
analyses.
Results We identified 36 observational studies using data 
pertaining to 106 524 study participants in 23 geographic 
locations that empirically examined the relationship between 
socioeconomic factors and infections caused by seven 
arboviruses (dengue, chikungunya, Japanese encephalitis, 
Rift Valley fever, Sindbis, West Nile and Zika viruses). While 
results were varied, descriptive synthesis pointed to a higher 
risk of arbovirus infection associated with markers of lower 
SEP, including lower education, income poverty, low healthcare 
coverage, poor housing materials, interrupted water supply, 
marital status (married, divorced or widowed), non- white 
ethnicities and migration status. Pooled crude estimates 
indicated an increased risk of arboviral infection associated 
with lower education (risk ratio, RR 1.5 95% CI 1.3 to 1.9); 
I2=83.1%), interruption of water supply (RR 1.2; 95% CI 1.1 to 
1.3; I2=0.0%) and having been married (RR 1.5 95% CI 1.1 to 
2.1; I2=85.2%).
Conclusion Evidence from this systematic review 
suggests that lower SEP increases the risk of acquiring 
arboviral infection; however, there was large heterogeneity 
across studies. Further studies are required to delineate 
the relationship between specific individual, household and 
community- level SEP indicators and arbovirus infection 
risks to help inform targeted public health interventions.
PROSPERO registration number CRD42019158572.

INTRODUCTION
Arthropod- borne viruses (arboviruses) are 
transmitted between vertebrate hosts by 
haematophagous (blood- feeding) arthropod 
vectors, including mosquitoes and ticks.1 
Arboviruses with mosquito vectors, such as 

WHAT IS ALREADY KNOWN?
 ⇒ Arboviruses with mosquito vectors are of nota-
ble global public health importance owing to their 
potential to cause explosive outbreaks and induce 
debilitating and potentially life- threatening disease 
manifestations.

 ⇒ In regions with established arboviral circulation, 
factors indicative of socioeconomic position, such 
as increased population density, inadequate water 
management and poor housing conditions, may ex-
acerbate vector proliferation and elevate infection 
risks.

WHAT ARE THE NEW FINDINGS?
 ⇒ Descriptive synthesis pointed to a higher risk of ar-
boviral infection associated with markers of lower 
socioeconomic position, including lower education, 
income poverty, low healthcare coverage, poor 
housing materials, interruptions of water supply, 
marital status (married, divorced or widowed) and 
non- white ethnicity.

 ⇒ Pooled crude estimates from meta- analyses indicat-
ed an increased risk of arboviral infection associated 
with having lower education, interruption of water 
supply and having ever been married.

WHAT DO THE NEW FINDINGS IMPLY?
 ⇒ This review underscores the importance of evaluat-
ing the arbovirus- related impacts of social protec-
tion policies that aim to reduce the consequences 
of poverty (eg, conditional cash transfer, housing 
and public works programmes) alongside continu-
ing research on more conventional vector control 
interventions.
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dengue virus (DENV) and chikungunya virus (CHIKV), 
are of notable public health importance worldwide 
owing to their potential to cause explosive outbreaks 
and induce debilitating and potentially life- threatening 
disease manifestations.2 In addition, congenital arboviral 
infections, such as with Zika virus (ZIKV), may result in 
severe congenital malformations with the potential to 
incur lifelong health and social costs for affected individ-
uals and their families.1–4

Infection due to arboviruses with mosquito vectors is 
becoming increasingly prevalent. The burden of DENV 
has grown dramatically in recent decades, with substan-
tial impact on morbidity and mortality worldwide, 
and ZIKV, CHIKV and Yellow Fever virus (YFV) have 
re- emerged.5 Environmental factors, such as climate 
change (eg, rising temperatures) and habitat modifica-
tion (eg, deforestation) along with social factors, such as 
increased international mobility, contribute to the global 
spread of competent vectors and arboviruses.6 7 In regions 
with established arboviral circulation, community- level 
factors, such as increased population density, inadequate 
water management, and poor housing, may exacerbate 
vector proliferation and elevate infection risks.8 This has 
been reported by several ecological studies, which have 
shown increased levels of arboviral infections in econom-
ically deprived areas at the population- level.9–11 Further-
more, a recent systematic review employing descriptive 
synthesis reported a greater presence of Aedes mosquito 
vectors and associated arboviral diseases in regions with 
lower socioeconomic conditions in 50%–60% of evalu-
ated studies.12 As described in the early social epidemi-
ology literature, steep inverse associations between social 
class and mortality from a wide range of diseases exist.13 
To better understand individual- and household- level risk 
factors for arboviral infections, we conducted a systematic 
review and meta- analysis synthesising published evidence 
on the relationship between markers of socioeconomic 
position (SEP) and infection due to arboviruses with 
mosquito vectors.

METHODS
Search strategy and eligibility criteria
The protocol for this systematic literature review was 
registered in the International Prospective Register of 
Systematic Reviews (PROSPERO) as CRD42019158572 
and was conducted in line with the 2009 Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines.14 We searched for studies 
measuring the association between SEP and arboviral 
infection published between 1 January 1980 and 30 
June 2020 in MEDLINE (PubMed), Embase (Ovid) and 
LILACS (see online supplemental material 1), hypoth-
esising that studies published more than 40 years prior 
to this work would lack relevance to current research. 
The search and full- text review were restricted to articles 
published in English, Portuguese, Spanish and French. 
Studies were eligible from any geographic location and 

with individuals from any age group, and included peer- 
reviewed observational case reports, case series or studies 
that had a cross- sectional, case–control or cohort study 
design. Studies assessing the association between SEP 
and/or proxy measures of SEP (eg, individual social 
class, living conditions, education, employment, house-
hold income, race/ethnicity and asset ownership) at 
the individual- level or household- level and the occur-
rence of acute, recent or past arboviral infection, indi-
cated by laboratory confirmation, were included. Labo-
ratory confirmation of arbovirus infection was based on 
the presence of viral RNA, antigen and/or serological 
evidence (eg, IgM or IgG); the quality of assays used in 
the individual studies was not appraised. Studies from 
grey literature, using an ecological design, evaluating 
the economic burden of arboviral infections, or only 
describing the natural history of disease were excluded 
(online supplemental material 2).

Data extraction and meta-analysis
Data on the author, year of publication, study period, 
study type, source of population, data source, duration of 
follow- up (if applicable), geographic location, age, sex, 
individual- level and household- level socioeconomic char-
acteristics, arbovirus infection type, comparison groups, 
confounders, frequency (number and percentage) and 
effect estimates (risk ratio (RR) or odds ratio (OR)) were 
extracted from studies and consolidated. Data screening 
was conducted in duplicate by four investigators (GMP, 
LQ, JMP and NSC) and extraction in duplicate by two 
investigators (GMP and AV). Discrepancies were resolved 
by consensus. Two reviewers (GMP and LQ) evaluated 
study quality by conducting a bias assessment using the 
Newcastle- Ottawa scale (NOS) for individual- level studies 
(NOS ranges from zero to nine). The NOS form for 
cohort studies was also used to evaluate data quality for 
cross- sectional studies; however, the maximum score is 
limited to six as it was not possible to demonstrate absence 
of infection at the start of these studies due to the lack of 
follow- up (online supplemental table 1). Evaluation was 
performed in duplicate, and discrepancies were resolved 
by consensus.

When effect estimates were provided for an indicator 
with comparable parameters in at least three cohort and/
or cross- sectional studies, pooled effect sizes and the 95% 
CIs were calculated using random- effects meta- analyses. 
Since studies were highly heterogeneous, a random- 
effects model was preferred.15 Heterogeneity in RR esti-
mates were assessed using I2 statistics and Cochran’s Q 
test p values. Case–control studies were not included in 
the meta- analyses since ORs with 95% CIs were calculated 
from these study data and, given the high frequency of 
infections in study populations, were considered to be not 
directly comparable with cohort and/or cross- sectional 
relative risk (RR) effect estimates. Further subgroup 
analyses were conducted for each virus within each of the 
meta- analyses. Analyses were performed using STATA 
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(V.14.0). A map indicating locations where studies were 
based was created using Tableau software.

Patient and public involvement
The patients and the public were not involved in the 
design, conduct or reporting of our research.

RESULTS
Our search generated 3928 published records. After 
screening titles and abstracts, 110 manuscripts were 
assessed for eligibility. Of these, 36 articles were deemed 
eligible for inclusion in this systematic review (figure 1).

All studies included in this review were published 
between 1995 and 2020, the majority of which were 
published between 2015 and 2020 (n=28) and focused 
on DENV (n=21), CHIKV (n=6), Japanese encepha-
litis (JEV) (n=1), Sindbis virus (SINV) (n=1), West Nile 
virus (WNV) (n=1), ZIKV (n=1), DENV and JEV (n=2), 
DENV, CHIKV and Rift Valley fever virus (RVFV) (n=1) 
and flaviviruses in general with other arboviruses (n=2) 
(table 1, online supplemental table 2). There were no 
studies examining YFV. Included studies consisted of 2 
cohort studies,16 17 4 case–control studies,18–21 27 cross- 
sectional studies,22–48 1 nested cross- sectional study within 
a cohort,49 1 combined cross- sectional and cohort study50 
and 1 longitudinal serosurvey.51 Studies were conducted 
in 23 countries: 4 in low- income countries (Burkina 
Faso,42 Laos35 and Sudan26 43), 14 in lower- middle- income 
countries (Ecuador,41 India,19 Jordan,33 37 Kenya,17 36 
Nicaragua,16 50 Nigeria,27 31 40 Pakistan,39 Sri Lanka18 and 
Vietnam34), 13 in upper- middle income (Brazil,23 30 45–47 
China,20 24 38 Colombia,49 51 Malaysia,25 Paraguay44 and 
Thailand29) and 5 in high- income countries/territories 

(Mayotte (France),28 French Guiana,21 Saudi Arabia,22 
Sweden32 and USA48) according to the Development 
Assistance Committee List of Official Development Assis-
tance Recipients (figure 2).

Age and sex
Age and sex were investigated and/or adjusted for in 32 of 
the 36 studies on seven arboviruses (CHIKV, DENV, JEV, 
RVFV, SINV, WNV and ZIKV). These studies included 
three case–control, two cohort, 25 cross- sectional studies, 
one study comprising a cross- sectional and cohort inves-
tigation50 and 1 cross- sectional nested in a cohort study, 
spanning 21 countries.

Of the 20 studies that evaluated the relationship 
between age and arboviral infection, 18 (90%) reported 
evidence of an association between increasing age and 
seropositivity for arboviruses, while four studies (20%) 
found statistical evidence of an association between age 
and past arboviral infection (DENV23 36 37 and CHIKV50) 
in adjusted models.

All 36 studies considered the direct relationship 
between sex and arboviral infection or adjusted for sex 
in the model. Five (13.9%) of these studies reported 
evidence of higher prevalence of arboviruses among 
males in crude analyses.28 32 39 45 47 However, statistical 
analyses were not provided for every study, and just eight 
provided an adjusted point estimate.16 23 34 36 37 47 50 51 A 
study conducted in Sweden32 found a crude statistical 
association between being male and seropositivity for 
SINV; however, on adjusting for age and smoking in 
multivariate analyses, neither sex nor age were significant 
predictors of seropositivity for SINV. Twenty- four studies 
with 28 crude estimates comprising a total of 34 373 

Figure 1 PRISMA flow chart illustrating selection of studies. PRISMA, Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses; SEP, socioeconomic position.
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4 Power GM, et al. BMJ Global Health 2022;7:e007735. doi:10.1136/bmjgh-2021-007735

BMJ Global Health

Ta
b

le
 1

 
C

ha
ra

ct
er

is
tic

s 
of

 in
cl

ud
ed

 s
tu

d
ie

s

A
ut

ho
r 

(y
ea

r)
C

o
un

tr
y/

 
te

rr
it

o
ry

S
tu

d
y 

p
er

io
d

Ty
p

e 
o

f 
st

ud
y

P
o

p
ul

at
io

n
Ty

p
e 

o
f 

in
fe

ct
io

n
D

ia
g

no
st

ic
 t

es
t

A
g

e 
ra

ng
e

To
ta

l 
si

ze
Fr

eq
ue

nc
y 

m
ea

su
re

C
um

ul
at

iv
e 

in
ci

d
en

ce
N

O
S

D
E

N
V

 
 B

ru
nk

ar
d

 e
t 

al
 

(2
00

7)
48

U
S

A
O

ct
ob

er
 2

00
4–

N
ov

em
b

er
 2

00
4

C
ro

ss
- 

se
ct

io
na

l
P

ro
b

ab
ili

ty
- b

as
ed

, h
ou

se
ho

ld
 s

el
ec

tio
n 

st
ra

tifi
ed

, m
ul

tis
ta

ge
, c

lu
st

er
- s

am
p

lin
g 

d
es

ig
n

D
E

N
V

D
E

N
V

 Ig
M

+
; 

D
E

N
V

 Ig
G

+
A

ll 
ag

es
60

0
P

2%
–7

.3
%

;
40

%
–7

8%
5

 
 d

a 
S

ilv
a-

 
N

un
es

 e
t 

al
 

(2
00

8)
47

B
ra

zi
l

20
04

–2
00

6
C

ro
ss

- 
se

ct
io

na
l

H
ou

se
ho

ld
s 

in
 R

am
al

 d
o 

G
ra

na
d

a,
 w

er
e 

vi
si

te
d

 b
et

w
ee

n 
M

ar
ch

 a
nd

 A
p

ril
 2

00
4.

46
6 

d
w

el
le

rs
 <

1–
90

 y
ea

rs
 o

f a
ge

 (9
8.

5%
 

of
 t

he
 4

73
 a

re
as

 p
er

m
an

en
t 

re
si

d
en

ts
) 

w
er

e 
en

ro
lle

d
.

D
E

N
V

D
E

N
V

 Ig
G

+
A

ll 
ag

es
40

5
P

18
.3

%
6

 
 P

es
sa

nh
a 

et
 a

l 
(2

01
0)

46
B

ra
zi

l
Ju

ne
 2

00
6–

M
ar

ch
 2

00
7

C
ro

ss
- 

se
ct

io
na

l
A

ll 
re

si
d

en
ts

 a
ge

d
 o

ve
r 

1 
ye

ar
 in

 t
he

 t
hr

ee
 

B
el

o 
H

or
iz

on
te

 d
is

tr
ic

ts
 (V

en
d

a 
N

ov
a,

 D
S

 
Le

st
e 

an
d

 D
S

 C
en

tr
o-

 S
ul

)

D
E

N
V

N
ot

 s
p

ec
ifi

ed
A

ll 
ag

es
70

9
P

11
.9

%
 (9

5%
 

C
I 9

.7
%

 t
o 

14
.6

%
)

5

 
 K

ik
ut

i e
t 

al
 

(2
01

5)
45

B
ra

zi
l

20
09

–2
01

0
C

ro
ss

- 
se

ct
io

na
l

In
d

iv
id

ua
ls

 s
ee

ki
ng

 m
ed

ic
al

 c
ar

e 
fo

r 
ac

ut
e 

fe
b

ril
e 

ill
ne

ss
 a

t 
th

e 
on

ly
 p

ub
lic

 e
m

er
ge

nc
y 

he
al

th
 u

ni
t

D
E

N
V

D
E

N
V

 Ig
M

+
 a

nd
/

or
 R

T-
 P

C
R

+
>

5 
ye

ar
s

29
62

I
22

.0
%

5

 
 P

er
ei

ra
 e

t 
al

 
(2

01
5)

44
P

ar
ag

ua
y

20
14

C
ro

ss
- 

se
ct

io
na

l
In

ha
b

ita
nt

s 
of

 t
hr

ee
 v

ill
ag

es
D

E
N

V
D

E
N

V
 Ig

G
+

A
ll 

ag
es

41
8

P
24

.2
%

 (9
5%

 
C

I 2
0.

2%
 t

o 
28

.6
%

)

5

 
 S

og
ha

ie
r 

et
 a

l 
(2

01
5)

43
S

ud
an

20
11

C
ro

ss
- 

se
ct

io
na

l
R

an
d

om
ly

 s
el

ec
te

d
 c

om
m

un
ity

 p
op

ul
at

io
n 

th
ro

ug
h 

m
ul

ti-
 st

ag
e 

cl
us

te
r 

sa
m

p
lin

g
D

E
N

V
D

E
N

V
 Ig

G
+

A
ll 

ag
es

54
0

P
9.

4%
6

 
 Fo

ur
ne

t 
et

 a
l 

(2
01

6)
42

B
ur

ki
na

 
Fa

so
M

ay
 2

00
4–

S
ep

te
m

b
er

 
20

04

C
ro

ss
- 

se
ct

io
na

l
C

hi
ld

re
n 

fr
om

 O
ua

ga
d

ou
go

u 
d

is
tr

ic
ts

 
w

ith
 d

iff
er

en
t 

ty
p

es
 a

nd
 d

eg
re

es
 o

f 
ur

b
an

is
at

io
n

D
E

N
V

D
E

N
V

 Ig
G

+
0–

12
 y

ea
rs

30
15

P
22

.7
%

6

 
 K

en
ne

so
n 

et
 a

l 
(2

01
7)

41
E

cu
ad

or
20

14
–2

01
5

C
ro

ss
- 

se
ct

io
na

l
In

d
iv

id
ua

ls
 w

ith
 D

E
N

V
 in

fe
ct

io
ns

 fr
om

 
se

nt
in

el
 c

lin
ic

s 
- 

as
 w

el
l a

s 
m

em
b

er
s 

of
 t

he
 s

am
e 

ho
us

eh
ol

d
 a

nd
 fo

ur
 

ne
ig

hb
ou

rin
g 

ho
us

eh
ol

d
s 

lo
ca

te
d

 w
ith

in
 

20
0 

m
et

er
s

D
E

N
V

D
E

N
V

 N
S

1 
R

D
T+

, 
R

T-
 P

C
R

+
 a

nd
/o

r 
Ig

M
+

A
ll 

ag
es

21
9

P
36

.5
%

5

 
 N

as
ir 

et
 a

l 
(2

01
7)

40
N

ig
er

ia
M

ay
 2

01
6–

A
ug

us
t 

20
16

C
ro

ss
- 

se
ct

io
na

l
P

at
ie

nt
s 

w
ith

 fe
b

ril
e 

ill
ne

ss
es

 s
ee

ki
ng

 
m

ed
ic

al
 a

ss
is

ta
nc

e 
at

 h
os

p
ita

l
D

E
N

V
D

E
N

V
 N

S
1 

R
D

T+
; 

D
E

N
V

 Ig
G

+
1–

49
 y

ea
rs

17
1

P
8.

8%
;

43
.3

%
3

 
 K

ha
n 

et
 a

l 
(2

01
8)

39
P

ak
is

ta
n

20
13

–2
01

5
C

ro
ss

- 
se

ct
io

na
l

D
E

N
V

 p
at

ie
nt

 s
am

p
le

s
D

E
N

V
D

E
N

V
 R

T-
 P

C
R

+
A

ll 
ag

es
59

 7
65

I
9.

2%
4

 
 Li

u 
et

 a
l 

(2
01

8)
38

C
hi

na
20

13
–2

01
5

C
ro

ss
- 

se
ct

io
na

l
S

am
p

le
s 

se
le

ct
ed

 fr
om

 a
 2

00
,0

00
- s

am
p

le
 

d
at

ab
as

e 
ho

ld
in

g 
se

ru
m

 c
ol

le
ct

ed
 fr

om
 

co
m

m
un

ity
 r

es
id

en
ts

 li
vi

ng
 in

 L
iw

an
 a

nd
 

Yu
ex

iu
 d

is
tr

ic
ts

 o
f G

ua
ng

zh
ou

D
E

N
V

D
E

N
V

 Ig
M

+
; 

D
E

N
V

 Ig
G

+
A

ll 
ag

es
20

85
P

3.
98

%
;

11
.8

%
3

 
 O

b
ai

d
at

 a
nd

 
R

oe
ss

 (2
01

8)
37

Jo
rd

an
20

15
–2

01
6

C
ro

ss
- 

se
ct

io
na

l
H

ea
lth

y 
re

la
tiv

es
 o

f p
at

ie
nt

s 
at

 
go

ve
rn

m
en

ta
l h

um
an

 h
ea

lth
 c

en
tr

es
 a

t 
11

 
go

ve
rn

or
at

es

D
E

N
V

D
E

N
V

 Ig
G

+
0–

80
 y

ea
rs

89
2

P
24

.6
%

6

C
on

tin
ue

d



Power GM, et al. BMJ Global Health 2022;7:e007735. doi:10.1136/bmjgh-2021-007735 5

BMJ Global Health

A
ut

ho
r 

(y
ea

r)
C

o
un

tr
y/

 
te

rr
it

o
ry

S
tu

d
y 

p
er

io
d

Ty
p

e 
o

f 
st

ud
y

P
o

p
ul

at
io

n
Ty

p
e 

o
f 

in
fe

ct
io

n
D

ia
g

no
st

ic
 t

es
t

A
g

e 
ra

ng
e

To
ta

l 
si

ze
Fr

eq
ue

nc
y 

m
ea

su
re

C
um

ul
at

iv
e 

in
ci

d
en

ce
N

O
S

 
 P

ie
d

ra
hi

ta
 e

t 
al

 (2
01

8)
51

C
ol

om
b

ia
20

10
–2

01
2

Lo
ng

itu
d

in
al

 
se

ro
su

rv
ey

S
ch

oo
l c

hi
ld

re
n

D
E

N
V

D
E

N
V

 Ig
G

+
5–

19
 y

ea
rs

43
85

I
53

.8
%

 
(2

01
0)

 t
o 

64
.6

%
 

(2
01

2)

5

 
 U

d
ay

an
ga

 e
t 

al
 (2

01
8)

18
S

ri 
La

nk
a

Fe
b

ru
ar

y 
20

17
– 

A
p

ril
 2

01
7

C
as

e–
co

nt
ro

l
R

an
d

om
 s

el
ec

tio
n 

of
 2

00
 h

ou
se

ho
ld

s 
re

p
or

tin
g 

p
as

t 
d

en
gu

e 
in

ci
d

en
ce

 a
nd

 2
00

 
no

n-
 d

en
gu

e 
re

p
or

te
d

 h
ou

se
ho

ld
s

D
E

N
V

 
 N

/A
A

ll 
ag

es
40

00
N

/A
N

/A
4

 
 A

l-
 R

ad
d

ad
i e

t 
al

 (2
01

9)
22

S
au

d
i 

A
ra

b
ia

20
17

C
ro

ss
- 

se
ct

io
na

l
R

es
id

en
ts

 o
f t

he
 fo

ur
 c

iti
es

 o
f a

ll 
ge

nd
er

s,
 

ag
e 

gr
ou

p
s,

 a
nd

 s
oc

io
ec

on
om

ic
 c

la
ss

es
D

E
N

V
D

E
N

V
 Ig

G
+

A
ll 

ag
es

63
97

P
26

.7
%

6

 
 C

hi
ar

av
al

lo
ti-

 
N

et
o 

et
 a

l 
(2

01
9)

23

B
ra

zi
l

O
ct

ob
er

 2
01

5–
M

ar
ch

 2
01

6
C

ro
ss

- 
se

ct
io

na
l

R
es

id
en

ts
 o

f V
ila

 T
on

in
ho

 n
ei

gh
b

ou
rh

oo
d

D
E

N
V

D
E

N
V

 Ig
G

+
>

10
 y

13
22

P
74

.6
%

8

 
 Ji

ng
 e

t 
al

 
(2

01
9)

24
C

hi
na

20
15

C
ro

ss
- 

se
ct

io
na

l
85

0 
p

ar
tic

ip
an

ts
 fr

om
 s

ev
en

 s
el

ec
te

d
 

co
m

m
un

iti
es

 in
 G

ua
ng

zh
ou

 w
ith

 n
o 

re
p

or
te

d
 d

en
gu

e 
ca

se
s 

b
ef

or
e 

20
14

D
E

N
V

D
E

N
V

 Ig
G

+
1-

 84
y

85
0

P
6.

6%
6

 
 A

b
d

- J
am

il 
et

 
al

 (2
02

0)
25

M
al

ay
si

a
20

07
–2

01
0

C
ro

ss
- 

se
ct

io
na

l
O

ra
ng

e 
A

sl
i p

op
ul

at
io

ns
 r

es
id

in
g 

in
 e

ig
ht

 
d

iff
er

en
t 

vi
lla

ge
s 

in
 t

he
 fo

re
st

 o
r 

fo
re

st
 

fr
in

ge
 a

re
as

 o
f P

en
in

su
la

r 
M

al
ay

si
a

D
E

N
V

D
E

N
V

 Ig
G

+
A

ll 
ag

es
49

1
P

17
.0

%
6

 
 E

ld
ig

ai
l e

t 
al

 
(2

02
0)

26
S

ud
an

A
ug

us
t 

20
17

–
M

ay
 2

01
8

C
ro

ss
- 

se
ct

io
na

l
E

le
ve

n 
lo

ca
lit

ie
s 

of
 K

as
sa

la
 s

ta
te

D
E

N
V

D
E

N
V

 Ig
G

+
A

ll 
ag

es
60

0
P

11
.4

%
6

 
 O

m
at

ol
a 

et
 a

l 
(2

02
0)

31
N

ig
er

ia
20

19
C

ro
ss

- 
se

ct
io

na
l

V
is

iti
ng

 o
ut

p
at

ie
nt

s 
fr

om
 t

he
 fo

ur
 h

os
p

ita
ls

 
in

 A
ny

ig
b

a
D

E
N

V
D

E
N

V
 Ig

G
+

A
ll 

ag
es

20
0

P
20

.5
%

3

 
 S

w
ai

n 
et

 a
l 

(2
02

0)
19

In
d

ia
20

17
C

as
e–

co
nt

ro
l

C
on

fir
m

ed
 d

en
gu

e 
p

at
ie

nt
s 

w
ith

in
 1

 y
ea

r 
in

 s
ix

 d
is

tr
ic

ts
 o

f t
he

 s
ta

te
D

E
N

V
D

E
N

V
 Ig

M
+

A
ll 

ag
es

76
7

N
/A

N
/A

8

C
H

IK
V

 
 S

is
so

ko
 e

t 
al

 
(2

00
8)

28
M

ay
ot

te
20

05
–2

00
6

C
ro

ss
- 

se
ct

io
na

l
H

ou
se

ho
ld

- b
as

ed
; c

om
p

le
x 

m
ul

tis
ta

ge
 

cl
us

te
r 

sa
m

p
lin

g 
of

 p
op

ul
at

io
n 

of
 M

ay
ot

te
C

H
IK

V
C

H
IK

V
 Ig

G
+

≥2
 y

ea
rs

11
54

P
37

.2
%

6

 
 N

ak
kh

ar
a 

et
 a

l 
(2

01
3)

29
Th

ai
la

nd
20

08
C

ro
ss

- 
se

ct
io

na
l

R
es

id
en

ts
 a

ge
d

 1
8 

ye
ar

s 
or

 m
or

e 
fr

om
 

th
re

e 
vi

lla
ge

s
C

H
IK

V
C

H
IK

V
 Ig

G
+

>
18

 y
ea

rs
50

7
P

61
.9

%
5

 
 K

ua
n 

et
 a

l 
(2

01
6)

50
N

ic
ar

ag
ua

M
ar

ch
 2

01
5–

A
p

ril
 2

01
6

C
ro

ss
- 

se
ct

io
na

l;
C

oh
or

t

C
hi

ld
re

n 
ag

ed
 2

–1
4 

ye
ar

s 
en

ro
lle

d
 in

 t
he

 
P

ae
d

ia
tr

ic
 D

en
gu

e
C

oh
or

t 
S

tu
d

y;
 H

ou
se

ho
ld

 r
ec

ru
itm

en
t

C
H

IK
V

C
H

IK
V

 t
ot

al
 

an
tib

od
y+

2–
14

 
ye

ar
s;

 >
15

 
ye

ar
s

33
62

;
84

8
P

6.
1%

 (2
- 1

4 
ye

ar
s)

;
13

.1
%

 (>
15

 
ye

ar
s)

9; 5

 
 R

ue
d

a 
et

 a
l 

(2
01

9)
49

C
ol

om
b

ia
20

14
C

ro
ss

- 
se

ct
io

na
l 

ne
st

ed
 in

 
co

m
m

un
ity

 
co

ho
rt

54
8 

su
sp

ec
te

d
 C

H
IK

V
 p

at
ie

nt
s 

fr
om

 t
he

 
C

O
P

C
O

R
D

 c
oh

or
t

C
H

IK
V

C
H

IK
V

 Ig
G

+
>

18
 y

ea
rs

54
8

P
53

.8
%

4

 
 A

nj
os

 e
t 

al
 

(2
02

0)
30

B
ra

zi
l

20
16

–2
01

7
C

ro
ss

- 
se

ct
io

na
l

A
ll 

ho
us

eh
ol

d
s 

of
 3

 c
on

tig
uo

us
 v

al
le

ys
 in

 
P

au
 d

a 
Li

m
a 

w
ho

 a
re

 ≥
5 

ye
ar

s 
of

 a
ge

C
H

IK
V

C
H

IK
V

 Ig
M

+
, 

C
H

IK
V

 Ig
G

+
A

ll 
ag

es
17

72
P

11
.8

%
4

Ta
b

le
 1

 
C

on
tin

ue
d

C
on

tin
ue

d



6 Power GM, et al. BMJ Global Health 2022;7:e007735. doi:10.1136/bmjgh-2021-007735

BMJ Global Health

A
ut

ho
r 

(y
ea

r)
C

o
un

tr
y/

 
te

rr
it

o
ry

S
tu

d
y 

p
er

io
d

Ty
p

e 
o

f 
st

ud
y

P
o

p
ul

at
io

n
Ty

p
e 

o
f 

in
fe

ct
io

n
D

ia
g

no
st

ic
 t

es
t

A
g

e 
ra

ng
e

To
ta

l 
si

ze
Fr

eq
ue

nc
y 

m
ea

su
re

C
um

ul
at

iv
e 

in
ci

d
en

ce
N

O
S

 
 O

m
at

ol
a 

et
 a

l 
(2

02
0)

27
N

ig
er

ia
20

18
C

ro
ss

- 
se

ct
io

na
l

Fe
b

ril
e 

p
ar

tic
ip

an
ts

 a
t 

fiv
e 

ho
sp

ita
ls

 in
 

A
ny

ig
b

a 
w

ho
 t

es
t 

ne
ga

tiv
e 

fo
r 

ty
p

ho
id

 a
nd

 
m

al
ar

ia

C
H

IK
V

C
H

IK
V

 Ig
M

+
, 

C
H

IK
V

 Ig
G

+
A

ll 
ag

es
24

3
P

34
.2

%
3

JE
V

 
 Lu

o 
et

 a
l 

(1
99

5)
20

C
hi

na
Ju

ne
 1

99
1–

S
ep

te
m

b
er

 
19

91

C
as

e–
co

nt
ro

l
A

ct
iv

e 
ca

se
 fi

nd
in

g 
in

 h
os

p
ita

ls
 in

 G
us

i 
C

ou
nt

y,
 H

en
an

, C
hi

na
JE

V
JE

V
 Ig

G
+

>
6 

m
on

th
s 

- 
10

 y
ea

rs
15

0
N

/A
N

/A
8

S
IN

V

 
 A

hl
m

 e
t 

al
 

(2
01

4)
32

S
w

ed
en

20
09

C
ro

ss
- 

se
ct

io
na

l
R

an
d

om
ly

 s
el

ec
te

d
 fr

om
 p

op
ul

at
io

n 
re

gi
st

er
s

S
IN

V
S

IN
V

 Ig
G

+
25

–7
5 

ye
ar

s
17

29
P

2.
9%

6

W
N

V

 
 O

b
ai

d
at

 e
t 

al
 

(2
01

9)
33

Jo
rd

an
N

ov
em

b
er

 
20

15
–M

ay
 2

01
6

C
ro

ss
- 

se
ct

io
na

l
H

ea
lth

y 
re

la
tiv

es
 o

f p
at

ie
nt

s 
se

ek
in

g 
he

al
th

ca
re

 a
t 

he
al

th
 c

en
tr

es
 t

hr
ou

gh
ou

t 
Jo

rd
an

.

W
N

V
W

N
V

 Ig
G

+
15

–5
0 

ye
ar

s
80

1
P

8.
6%

6

Z
IK

V

 
 B

ur
ge

r-
 

C
al

d
er

on
 e

t 
al

 
(2

01
8)

16

N
ic

ar
ag

ua
A

ug
us

t 
20

16
–

O
ct

ob
er

 2
01

6
C

oh
or

t
La

b
or

at
or

y-
 co

nfi
rm

ed
 Z

ik
a 

in
d

ex
 c

as
es

 
an

d
 t

he
ir 

ho
us

eh
ol

d
 m

em
b

er
s

Z
IK

V
Z

IK
V

 R
T-

 P
C

R
+

A
ll 

ag
es

14
2

I
31

.0
%

8

M
ul

tip
le

 a
rb

ov
iru

se
s

 
 B

ar
tle

y 
et

 a
l 

(2
00

2)
34

V
ie

t 
N

am
A

p
ril

 1
99

6–
A

ug
us

t 
19

97
C

ro
ss

- 
se

ct
io

na
l

C
om

m
un

ity
 a

nd
 h

os
p

ita
l-

 b
as

ed
 s

ub
je

ct
s

D
E

N
V;

 
JE

V
D

E
N

V
 o

r 
JE

V
 

Ig
G

+
A

ll 
ag

es
30

8
P

66
.0

%
5

 
 C

on
la

n 
et

 a
l 

(2
01

5)
35

La
os

Ja
nu

ar
y 

20
09

–
M

ar
ch

 2
00

9
C

ro
ss

- 
se

ct
io

na
l

R
an

d
om

 s
el

ec
tio

n 
of

 1
4 

ho
us

eh
ol

d
s 

p
er

 
vi

lla
ge

 a
nd

 a
ll 

ho
us

eh
ol

d
 m

em
b

er
s 

ov
er

 6
 

ye
ar

s 
ag

e 
as

ke
d

 t
o 

p
ar

tic
ip

at
e

JE
V;

 
D

E
N

V
N

C
; J

E
V

 H
I+

; 
D

E
N

V
1 

H
I+

; 
D

E
N

V
2 

H
I+

; 
D

E
N

V
3 

H
I+

; 
D

E
N

V
4 

H
I+

≥6
 y

ea
rs

11
36

P
67

.3
%

 (A
ny

 
fla

vi
vi

ru
s)

;
39

.4
%

 (J
E

V
); 

2.
2%

 (D
E

N
V

 
1)

; 0
.8

%
 

(D
E

N
V

2)
; 

0.
8%

 
(D

E
N

V
3)

; 
13

.6
%

 
(D

E
N

V
4)

4

 
 O

ch
ie

ng
 e

t 
al

 
(2

01
5)

36
K

en
ya

20
07

C
ro

ss
- 

se
ct

io
na

l
H

IV
- n

eg
at

iv
e 

b
lo

od
 s

p
ec

im
en

s 
fr

om
 t

he
 

20
07

 K
en

ya
 A

ID
S

 In
d

ic
at

or
 S

ur
ve

y
C

H
IK

V;
 

D
E

N
V;

 
R

V
FV

C
H

IK
V

 Ig
G

+
; 

D
E

N
V

 Ig
G

+
; 

R
V

FV
 Ig

G
+

15
–6

4 
ye

ar
s

10
91

P
0.

97
%

;
12

.5
%

;
4.

5%

3

 
 B

on
ifa

y 
et

 a
l 

(2
01

7)
21

Fr
en

ch
 

G
ui

an
a

M
ar

ch
 2

01
3–

Ju
ne

 2
01

4
C

as
e–

co
nt

ro
lE

G
ro

up
 o

f p
at

ie
nt

s 
in

fe
ct

ed
 w

ith
 C

H
IK

V
 in

 
20

14
 w

ith
 a

 g
ro

up
 in

fe
ct

ed
 w

ith
 D

E
N

V
C

H
IK

V;
 

D
E

N
V

C
H

IK
V

 R
T-

 P
C

R
+

; 
D

E
N

V
 Ig

M
+

>
15

 y
ea

rs
 

an
d

 3
 

m
on

th
s

33
6

N
/A

N
/A

6

Ta
b

le
 1

 
C

on
tin

ue
d

C
on

tin
ue

d



Power GM, et al. BMJ Global Health 2022;7:e007735. doi:10.1136/bmjgh-2021-007735 7

BMJ Global Health

individuals were included in the random- effects meta- 
analysis of the association of sex and arboviral infection. 
The crude combined RR for males was 1.1 (95% CI 1.0 
to 1.2), with substantial heterogeneity between studies 
(I2=63.4%) (figure 3A). Disease- specific pooled estimates 
indicated a RR of 1.1 (95% CI 1.0 to 1.3) and 1.0 (95% CI 
0.9 to 1.2) in CHIKV and DENV subgroups, respectively.

Education and occupation
The association between education and arboviral infec-
tion was analysed in 1 cross- sectional study nested in a 
cohort, 2 case–control and 22 cross- sectional studies, 
spanning 18 countries and 6 arboviruses (CHIKV, DENV, 
JEV, RVFV, SINV and WNV). In these studies, education 
was classified in distinct ways depending on context, and 
included level of education,19 24 26 27 29 31–34 36 38–41 43 44 49 
schooling age,23 parental education,20 the attainment of 
any formal education,25 37 42 length of education in years28 
and illiteracy.30 45

Overall, there tended to be a higher risk of infec-
tion among less educated individuals in crude analyses. 
However, studies that developed multivariate models 
indicated weak or no statistical evidence of an associ-
ation between education and arboviral infection after 
accounting for confounding factors.19 20 23 32 36 37 In addi-
tion, a cross- sectional study conducted in China presented 
evidence that fewer years of parental schooling was asso-
ciated with increased risk of JEV infection;20 however, 
on adjusting for JEV vaccination, there was very little 
evidence remaining. In the 17 investigations (n=15 760) 
included in the random- effects meta- analysis for educa-
tion, the crude combined RR for lack of education was 
1.5 (95% CI 1.3 to 1.9); however, there was considerable 
heterogeneity between studies (I2=83.1%) (figure 3B).

Random- effects meta- analysis for disease- specific 
pooled estimates revealed that individuals with no educa-
tion had a crude combined RR of 1.5 (95% CI 1.2 to 
1.8) for DENV infections and 1.1 (95% CI 0.9 to 1.4) for 
CHIKV infections.

Occupation was assessed in 11 cross- sectional studies 
and 1 case–control study. Eleven of the 12 studies 
presented frequencies, 6 presented crude effect esti-
mates and 2 presented adjusted effect estimates. The 
occupation- related variables analysed were employment 
status,25 26 30 location of work (inside or outside),23 earn-
ings (above the country’s minimum wage or not),41 
employment stability and occupation types.19 27–29 31 40 44 
In a study conducted by Chiaravalloti- Neto et al in Brazil, 
there was a crude association between working outside 
and seropositivity for DENV, which was lost on adjusting 
for other socioeconomic and demographic covariates.23 
Swain et al indicated evidence to suggest that DENV infec-
tion was associated with occupations that required travel 
into certain parts of India.19 Collectively, in the six studies 
(n=4056) that were included in the random- effects 
meta- analysis for occupation, there was little evidence 
of an association between lack of employment and arbo-
viral infection (pooled RR 0.9; CI 95% 0.7 to 1.3), with A
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considerable heterogeneity between studies (I2=75.6%) 
(figure 3C).

Income poverty and social vulnerability
Variables indicating income poverty and social vulnera-
bility varied considerably and thus were challenging to 
standardise; however, descriptive analyses indicate that 
lower income was a risk factor for arboviral infection, 
with limited empirical evidence.

The relationship between poverty or social vulnera-
bility and arboviral infection was assessed in 1 cohort, 
4 case–controls and 15 cross- sectional studies, across 16 
countries and 4 arboviruses (CHIKV, DENV, JEV and 
WNV). Assessments were based on weekly or monthly 
household income,18 20 23 25 26 33 39 44–46 48 49 SEP categorised 
into groups,42 49 50 per capita income quartiles or quin-
tiles.35 36 47 Health vulnerability was also assessed in two 
studies.21 46 This comprised estimating a health vulnera-
bility index and health vulnerability through state or free 
care compared with social security and complimentary 
health insurance. Frequencies and/or effect estimates 
were extracted for 14. Four studies investigating DENV 
found evidence of a relationship between lower house-
hold income and increased arboviral infection.25 45 47 48 
One case–control study, conducted in French Guiana, 
that specifically examined healthcare coverage status 
in relation to CHIKV and DENV infection, found that 
a lack of private health insurance was associated with 
higher CHIKV infection both in the crude and adjusted 
analyses. In contrast, however, DENV appears to affect 
a wealthier population.21 Since poverty indicators were 
not measured consistently between studies and study 

contexts, a meta- analysis was not possible for income or 
social vulnerability factors in this study.

Household conditions
Four case–control, three cohort, one longitudinal sero-
survey and 18 cross- sectional studies investigated the 
association between household characteristics and arbo-
viral infections. These studies examined the type or 
size of residence,19 22–24 30 32 34 44 46 house appearance or 
quality,20 28 42 number of rooms,22 41 building density,42 
household crowding,17 18 22 23 28 30 31 41 43 44 48 50 type or 
presence of walls,47 wall gaps,47 presence of screens,41 48 
residential area,17 21 32 37 waste management42 45 and asset 
ownership (air conditioning,48 refrigerator,16 television,34 
land tenure and home ownership23 41 47 and asset owner-
ship index (presence of electricity, flush toilet, piped 
water and possession of a television set, radio or refrig-
erator).28

Of the four studies that evaluated the association 
between type of residential area (urban vs rural) and 
arboviral infections,17 32 34 37 one reported higher risk 
of SINV infection in small, rural residential areas in 
Northern Sweden,32 one study showed that the risk of 
flavivirus infection was higher in urban residential areas 
or cities compared with surrounding rural areas and 
Southern Vietnam,34 while a study in Kenya observed 
no difference in flavivirus infection between rural and 
urban areas but did note a higher seroprevalence among 
coastal compared with western study participants.17 In 
Jordan, a higher risk of WNV infection was reported 
for those living in Badia and the Jordan Valley regions 
(arid and hot climates) compared with those living in the 

Figure 2 Geographic distribution of studies included in the systematic review. (A) All countries reporting SEP and arboviral 
infections, (B) Countries reporting SEP and Dengue virus (DENV) infections, (C) Countries reporting SEP and Chikungunya virus 
infections, (D) Countries reporting on SEP and Japanese encephalitis virus (JEV), Rift Valley fever virus (RVFV), Sindbis virus 
(SINV), West Nile virus (WNV), Zika virus (ZIKV) or multiple arboviral infections. SEP, socioeconomic position.
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Highlands and Plains regions (colder and higher precip-
itation areas).37

The relationship between house or land ownership and 
arboviral infection was evaluated in three studies.23 41 47 
A cross- sectional study conducted in Brazil showed little 
evidence of an association between home ownership 
and seropositivity in DENV, although living in a house 
compared with an apartment was positively associated 
with DENV seropositivity, after adjusting for socioeco-
nomic and demographic covariates.23 Crude analyses 
indicated evidence of a negative association between land 
tenure in rural Amazonia, Brazil, and DENV seroposi-
tivity; however, this association was weak in the adjusted 
analysis.47

Of the seven studies that analysed building materials, 
three studies found an association between poor building 
materials or structures and arboviral infection.20 28 30 In 
addition, unstructured low building density households 
had higher prevalences of CHIKV and DENV.19 20 28 42

Crowding, categorised by number of individuals per 
household,17 22 23 28 30 43 44 48 50 residents per room41 or 
residents per bed27 was analysed in 11 studies, of which 
four found an association between crowding and arbo-
viral infection.23 28 43 50 In a study conducted in Paraguay, 
DENV prevalence was higher for those who lived alone 
compared with those who lived with others.44

Water supply and sanitation
Water supply or service consumption was investigated in 
eight studies16 22 37 41–44 50 and waste collection or sanita-
tion in three studies.22 42 48 Having adequate water supply 
(ie, tap or piped water) was associated with lower DENV 
infection in Ecuador41 and Paraguay.44 In addition, 
water supplied by water wells, onsite water storage and 
frequent/longer interruptions of water supply was asso-
ciated with higher flavivirus seroprevalence in Burkina 
Faso,42 higher seropositivity for ZIKV in contacts of ZIKV 
index cases in Nicaragua,16 higher DENV infection in 
Ecuador41 and Saudi Arabia,22 and higher CHIKV infec-
tion in children in Nicaragua.50

Improper waste management practices were also signifi-
cantly associated with flavivirus IgG in different building 
density strata in Burkina Faso,42 while an association was 
found between lack of street drainage and higher DENV 
infection on the US/Mexico border.48 The absence of 
sanitation was strongly associated with DENV infection 
in crude analysis in Saudi Arabia; however, this was not 
included in the multivariable analysis.22 The random- 
effects meta- analysis from three studies (one of which 
contained a cohort (A) and cross- sectional (B) study 
design) (n=10 196) revealed evidence of an association 
between interruption of water supply and arboviral infec-
tion (RR 1.2; 95% CI 1.1 to 1.3; I2=0.0%) (figure 3D).

Other (marital status, ethnicity and migration status)
A range of other sociodemographic factors that act as 
proxies for SEP were investigated by several articles 
identified in this review. Having been born overseas was 

associated with greater risk of past arboviral infection, 
evidenced by one study,21 and crude analyses indicated 
individuals who identified as non- white or of a schedule 
caste in India, had a higher risk of arboviral infec-
tion.19 23 45 49 The evidence was limited, concentrated in 
six countries and largely focused on DENV or CHIKV.

Having been married, including currently or previously 
(ie, divorced or widowed), was associated with an overall 
increase in risk of arbovirus infection.23 31 38 Marital status 
and its association with DENV and CHIKV IgG and/
or IgM antibody levels was investigated in four cross- 
sectional studies, conducted in Guangzhou, China,38 São 
Paulo, Brazil,23 Guinea Savannah, Nigeria,31 and Kogi 
state, Nigeria.27 In São Paulo,23 adjusted analyses showed 
that being single was a risk factor for DENV compared 
with being married, while in Guangzhou, China,38 crude 
analyses showed that widowed or divorced individuals 
were at higher risk of infection compared with both their 
married and single counterparts. Adjusted analyses from 
these two studies, however, revealed no statistical evidence 
of an association. All four studies were included in the 
random- effects meta- analysis, which revealed statistical 
evidence that individuals who had ever been married, 
including currently married, divorced or widowed, had 
higher overall crude risks of arboviral infection (RR 1.5 
95% CI 1.1 to 2.1; I2=85.2%) than those who were single 
(figure 3E).

Four studies examined race/caste as a correlate of arbo-
viral infection, of which two were conducted in Brazil,23 45 
one in Colombia49 and one in India.19 The two Brazilian 
studies found that Black and non- white individuals were 
at increased risk of DENV23 45 and a case–control study 
conducted in Odisha, India, revealed higher odds of 
DENV infection in those considered a schedule caste 
or schedule tribe (official term given in India to those 
who have historically faced deprivation, oppression and 
marginalisation) compared with those considered non- 
schedule caste or non- schedule tribe.19 The crude anal-
yses showed evidence of this association; however, this 
was lost on adjusting for unmentioned confounders. A 
meta- analysis was not performed due to the heteroge-
neity of study contexts and the countries’ specific social 
constructions of race/caste.

Migration status, defined on the basis of the country 
of birth: French- born and Foreign- born, was investigated 
as a potential risk factor for arboviral infection in a case–
control study conducted in French Guiana.21 This study 
found strong statistical evidence in crude analysis that 
individuals born abroad had over four times the odds of 
testing positive for DENV IgG than those born in French 
West Indies, French Guiana or Mainland France. One 
study additionally indicated that changing city within 
Brazil was not associated with an increase in DENV infec-
tion risk.46

Quality evaluation
The quality scores of the 36 individual studies varied 
across study designs. For cross- sectional studies, scores 
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ranged from 3 to 6, with weaknesses related to selec-
tion bias of exposed cohorts and lack of adjustment for 
confounders. For the cohort studies, scores ranged from 
6 to 9, with weaknesses related to no indication of absence 
of disease at the start of the study and to lack of adjust-
ment for confounders (online supplemental table 1A). 
For case–control studies, scores ranged from 4 to 8, with 
weaknesses related to lack of adjustment for confounders 
(online supplemental table 1B).

DISCUSSION
In this systematic review and meta- analysis, we summa-
rised published evidence linking markers of SEP and 
infection due to arboviruses with mosquito vectors. 
Descriptive results indicated lower education, income 
poverty, low healthcare coverage, poor housing mate-
rials, interrupted water supply, marital status (married, 
single, divorced or widowed), non- white ethnicities and 
migration status as potential risk factors for arboviral 
infection. Meta- analyses provided statistical evidence of 
an increased risk of infection due to arboviruses with 
mosquito vectors associated with lack of education, inter-
ruption of water and having ever been married.

Overall, the seroprevalence of arboviral- specific anti-
bodies (in particular, to DENV) was shown to be highest 
in older age groups. This finding corroborates a number 
of studies that found a positive association between age 
and seropositivity for DENV and is assumed to be related 
to the longer period of exposure to DENV over time.52–58 
No clear association between arboviral infection and sex 
was observed.

In addition, individuals with lower education were at 
greater risk of arboviral infection in both the descriptive 
summary and meta- analysis. Education is commonly used 
as a generic indicator for SEP, highlighting the accumula-
tion of advantage and disadvantage over the lifecourse.59 60 
It is associated with permanent income status, whereas 
income itself, for example, captures the level of income 
at the time of data collection and is thus, in general, vola-
tile. These findings, therefore, might suggest that struc-
tural poverty is a relatively more important factor than 
transient poverty. Education is also argued to capture the 
knowledge and skill- related assets of an individual, which 
may contribute to the receptivity of health messaging 
and thus permitting more informed use of vector control 
activities to reduce risk of infection.61

The descriptive analysis for employment assessed 
several occupations and occupational exposure types, 
while the meta- analysis looked at unemployment 
compared with being employed. No overall statistical 
evidence for unemployment as a risk factor for arboviral 
infection was apparent. The unobserved effect is likely 
because the degree of vulnerability linked to unemploy-
ment is highly dependent on both the type of employ-
ment (indoor or outdoor occupations) as well as the 
country’s overall economic circumstances.59 Thus, this 

indicator is limited when comparing across studies as well 
as geographic areas.

Poverty has long been considered a determinant of 
arboviral infections such as DENV and CHIKV; however, 
the scarcity of studies with consistent measures of income 
poverty and social vulnerability has meant that such a 
relationship has yet to be substantiated. Indeed, in this 
systematic review, a meta- analysis was not possible for the 
variables that indicated income poverty and social vulner-
ability, since contexts within which the data were collected 
for these were not standardised. Descriptive analyses, 
nonetheless, indicated that lower income appeared to be 
a risk factor, although with limited empirical evidence. 
This is additionally supported by the vast literature on 
social determinants of health.62 Income can influence a 
variety of material circumstances with direct implications 
for health and arbovirus exposure.63 The conversion of 
money and assets into health- enhancing commodities or 
behaviours may be more relevant to understanding how 
this variable affects arboviral infection directly.59

While a meta- analysis was not completed for the vari-
ables related to the constructs of race or caste, the descrip-
tive analysis revealed that individuals who identified as 
non- white23 45 or of a schedule caste19 were at greater risk 
of arboviral infection. While there is no biological basis 
for an association between these constructs and health,64 
ethnicity, caste and race are proxies for the embodi-
ment of xenophobia, casteism and racism in their struc-
tural, cultural and interpersonal forms.65 Data from the 
US context, for example, observed that in areas where 
mortality rates are highest, the fraction of black resi-
dents is larger.66 These findings may be extrapolated to 
the Brazilian context, where racial inequality and segre-
gation are reflected in social disadvantage65 and health 
inequities.

Substandard housing conditions are likely to lead to 
greater exposure to mosquitoes and thus increased risk of 
infection.67 The association between poor quality housing 
conditions and arboviral infection was a common finding 
in many of the studies assessed. However, due to the 
diversity of indicators relating to household conditions, 
it was not possible to evaluate this in a meta- analysis. 
Poor living conditions are often also characterised by 
overcrowding. Indeed, household crowding appeared to 
be an additional risk factor for DENV infection. While 
the reasons behind this are unknown, it is likely due to 
the association between household crowing and income 
poverty as well as to the higher concentration of carbon 
dioxide and other chemicals in crowded houses which 
attracts a greater number of mosquitoes.68 Furthermore, 
the meta- analysis conducted on water supply in this study 
provided evidence that interruption in water supply, likely 
resulting in storage of water in containers and creation of 
prime breeding spots for mosquitoes,69 may increase risk 
of CHIKV and DENV infection.

The meta- analysis provided evidence that having been 
married, including currently or previously (ie, divorced 
or widowed), was associated with an increase in arboviral 

https://dx.doi.org/10.1136/bmjgh-2021-007735
https://dx.doi.org/10.1136/bmjgh-2021-007735
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infection risk; however, the descriptive analysis indicated 
that most of these associations diminish after adjusting 
for confounding. Age may be a particularly important 
confounder in this context. Migration was assessed in one 
study and presented descriptively in this analysis. Those 
classified as migrants were considered to be in a precar-
ious social situation, since they did not have regular social 
security and health insurance and therefore were more at 
risk of arboviral infection.21

This review has strengths and limitations. First, it is 
among the first to conduct a systematic review and meta- 
analysis using diverse populations to assess SEP indicators 
that identify individuals at the highest risk of arboviral 
infection. Further research is required to understand the 
specific mechanisms by which these factors impact infec-
tion. The findings of this review should be interpreted 
with caution, since there were high levels of heterogeneity 
between studies, which is likely a result of differences in 
study design, study population and contexts within which 
these data were collected as well as differences inherent 
to the individual arboviruses and their mosquito vectors. 
While this review addressed several arboviruses that 
circulate in different ecological cycles and involve differ-
ences in vector- host preferences, local host abundances 
and herd immunity, assessing the social determinants 
of these arboviruses together allows for the analysis of 
distal risk factors, such as socioeconomic indicators, that 
have an overarching effect on all arboviral infections.7 
However, we acknowledge that grouping findings from 
multiple arboviruses may obscure observations and the 
heterogeneity of the measures used to capture the range 
of socioeconomic factors analysed in these studies make 
it more difficult to delineate associations of interest. 
Furthermore, this review did not differentiate past infec-
tions from current infections and therefore changes in 
SEP, civil status and even location may have introduced 
misclassification bias.

CONCLUSION
Evidence from this systematic review suggests that indica-
tors of lower SEP at the individual and household- levels 
are associated with increased risks of acquiring arboviral 
infection across a wide range of geographic and cultural 
contexts. Although not a sufficient determinant of arbo-
virus risk in itself, poverty is closely correlated with the 
risk factors for arbovirus infection identified in this 
review. Within settings experiencing a high burden of 
arbovirus infections, further work is required to delineate 
the roles of specific socioeconomic risk factors to inform 
locally relevant preventive activities. More broadly, the 
findings of this review underscore the importance of eval-
uating the arbovirus- related impacts of social protection 
policies that aim to reduce the consequences of poverty 
(eg, conditional cash transfer, housing and public works 
programmes) alongside continuing research on more 
conventional vector control interventions. To conclude, 
the findings of this review add to relatively sparse data 

on the socioeconomic determinants of infection due to 
arboviruses with mosquito vectors and emphasise the 
need for further research to disrupt the cycle of poverty, 
vulnerability and arbovirus- related illness.
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