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Abstract

Background: There is scanty or inconclusive evidence on which cervical cancer screening tool is effective and
suitable for human immunodeficiency virus (HIV)-seropositive women. The aim of this review was to assess,
synthesise and document published evidence relating to the available cervical cancer screening modalities for HIV-
seropositive women in developing countries. This paper did not review the issue of human papillomavirus (HPV)
prophylactic vaccine on HIV-seropositive women.

Methods: Five electronic databases were systematically searched from inception to January 2018 for relevant
published original research examining cervical cancer prevention modalities for HPV infection, abnormal cytology
and direct visualisation of the cervix amongst HIV-seropositive women in developing countries. Extra studies were
identified through reference list and citation tracking.

Results: Due to methodological and clinical heterogeneity, a narrative synthesis was presented. Of the 2559 articles,
149 underwent full-text screening and 25 were included in the review. Included studies were of moderate quality,
and no exclusions were made based on quality or bias. There is no standard cervical cancer screening test or
programme for HIV-seropositive women and countries screening according to available resources and expertise.
The screening methods used for HIV-seropositive women are the same for HIV-negative women, with varying
clinical performance and accuracy. The main cervical cancer screening methods described for HIV-seropositive
women are HPV deoxyribonucleic acid/messenger RNA (DNA/mRNA) testing (n = 16, 64.0%), visual inspection with
acetic acid (VIA) (n = 13, 52.0%) and Pap smear (n = 11, 44.0%). HPV testing has a better accuracy/efficiency than
other methods with a sensitivity of 80.0–97.0% and specificity of 51.0–78.0%. Sequential screening using VIA or
visual inspection with Lugol’s iodine (VILI) and HPV testing has shown better clinical performance in screening
HIV-seropositive women.

Conclusion: Although cervical cancer screening exists in almost all developing countries, what is missing is both
opportunistic and systematic organised population-based screenings. Cervical cancer screening programmes need
to be integrated into already existing HIV services to enable early detection and treatment. There is a need to offer
opportunistic and coordinated screening programmes that are provider-initiated to promote early identification of
cervical precancerous lesions.
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Introduction
With the increase in cervical cancer morbidity and mor-
tality in developing countries, concern has shifted to
how much can be done to prevent this public health
challenge especially in those who are immunocomprom-
ised. With the advent of HIV in most of these develop-
ing countries especially those in sub-Saharan Africa, the
burden, incidence and mortality due to cervical cancer
are increasing [1–4]. HIV/AIDS in most developing
countries has resulted in high cervical cancer incidence,
and because of this, cervical cancer has been classified
as an AIDS-defining disease [2–4]. HIV-seropositive
women have been found to be at higher risk of HPV in-
fection due to their immune-compromised status and
that they are 2 to 12 times more likely to develop cer-
vical precancerous lesions that lead to cervical cancer
than HIV-negative women [2, 3]. Globally, 1 to 2% of
HIV-negative women develop CIN stages 2 and 3 annu-
ally whilst HIV-positive women are at 10% more prone
to developing CIN stages 2 and 3 [5]. In addition, HIV is
itself associated with other multiple enabling factors for
cervical cancer such as lower economic status, multiple
sexual partners, early sexual debut and smoking [6], and
this makes prevention of cervical cancer in HIV very
important.
Cervical cancer prevention is important in reducing

morbidity and mortality, and there are a number of
screening methods available. The screening methods in-
clude cytological-based tests (Pap smear/glass slide cy-
tology and liquid-based cytology), HPV DNA testing and
visual inspection tests (with acetic acid (VIA) and with
Lugol’s iodine (VILI)) [7–9]. Pap smear has been used
widely in developed countries for many years with suc-
cess [10, 11]. In developing countries, the lack of proper
infrastructure and qualified personnel to carry out the
procedure and interpret the results has hampered the
utilisation of Pap smear [12, 13].
However, regardless of the available screening methods

and considerable evidence in reducing the burden of cer-
vical cancer, epidemiological and health system chal-
lenges and constraints still exist in most developing
countries that make it difficult for some cervical cancer
screening strategies and initiatives to be available. In
addition, there is a lack of both opportunistic and orga-
nised systematic population-based screenings amongst
HIV-seropositive women due to fewer resources, result-
ing in uncoordinated screening with any available
screening method. With the introduction of mass HPV
vaccination for young girls in some developing coun-
tries, opportunities to offer the vaccine to HIV-positive
middle-aged women through HIV health programmes
exist. The safety and immunogenicity of HPV vaccine
are almost comparable in HIV-positive and
HIV-negative women [14, 15]. Offering HPV vaccination,

as primary cervical cancer prevention to HIV-positive
women, will reduce cervical cancer incidence and
morbidity.
Despite a number of evidence-based guidelines, strategies

and research on cervical cancer screening or prevention in
low-resource settings, slow progress in the implementation
of these guidelines due to the lack of implementation ex-
perts has become a public health challenge that requires ur-
gent solutions to mitigate the morbidity and mortality due
to cervical cancer. There is little rigorous synthesised evi-
dence on which cervical cancer screening methods are be-
ing used for HIV-seropositive women, if these current
screening methods are the same for HIV-negative women
and if these screening methods are effective for
HIV-seropositive women. The review aims to answer the
following questions: What are the screening modalities that
are used to prevent cervical cancer in HIV-seropositive
women in developing countries? Are these the same
screening modalities that are used for HIV-negative
women? Are the screening modalities effective in
HIV-seropositive women? This review will investigate, iden-
tify and synthesise the existing screening modalities being
used for cervical cancer in HIV-seropositive women in de-
veloping countries. Synthesising research from developing
countries can provide robust evidence of context-specific
cervical cancer screening methods for HIV-seropositive
women to fill the gap in evidence.

Methods
Search strategy
This systematic review was registered with PROSPERO
(CRD42018095702) and was carried out guided by a
protocol (PROSPERO CRD42017054678) [16] and re-
ported according to the PRISMA guidelines (Fig. 1) [17].
Two independent reviewers (WM and TC) guided by

a protocol [14] searched PubMed (via the PubMed/
MEDLINE interface using the “PICO” option), CINAHL
(via the EBSCO interface using keywords), Cochrane (via
The Cochrane Library using MeSH terms and qualifiers),
Embase and MEDLINE (via the OvidSP interface) using
keywords and supplementary free-text terms until Janu-
ary 2018. The search terms (cervical cancer or cervical
neoplasms or cervical carcinomas) AND (prevention or
screening or Pap smear or VIA) AND (developing coun-
tries or underdeveloped countries or low-income coun-
tries) were used specifically for each database (an
additional PDF file shows this in more detail [see
Additional file 1]).

Eligibility criteria
Articles were eligible for inclusion based on inclusion
criteria: original research that assessed or reported cer-
vical cancer prevention methods for HIV-positive
women (Pap smear, VIA, HPV DNA testing),
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peer-reviewed, reported in English and done in or for re-
gions or countries which are considered developing by
the United Nations [16]. Reviews, commentaries and
studies assessing cervical cancer in general were ex-
cluded from the review.

Study selection
The initial search of the databases yielded 2557 results,
and additional two studies were identified through cit-
ation and reference tracking to make a combined 2559
articles. Two independent reviewers (WM and SF) con-
ducted the screening process to identify eligible studies,
and reasons for excluding studies were documented (see
Fig. 1). Disagreements and other issues related to the
screening process were resolved as reported in the
protocol [16]. Removal of duplicates and screening of
title and abstracts excluded 2212 articles. An additional
198 articles were further excluded because of not being
relevant to the topic. The remaining 149 articles were
reviewed in full text, and 124 studies were excluded for
not meeting the eligibility criteria (an additional PDF file
shows these excluded studies in more detail [see Add-
itional file 2]). Twenty-five articles met the eligibility cri-
teria and were included for final analysis.

Data extraction
The primary reviewer (WM) and TC double extracted
the following content from the included 25 studies: title
of the study, author, publication year, study design, study

setting (country/region), sample size, exposures and out-
comes and all results including statistics. Three add-
itional team members, SF, BGB, and ES, assessed the
extracted data to ensure accuracy, and inconsistencies
were discussed and resolved through consensus. Fre-
quency tables were used to summarise the results.

Quality assessment of included studies
The quality of the included studies was assessed using a
combination of a modified version of the
Newcastle-Ottawa Quality Assessment Scale and the
NIH Study Quality Assessment Tools for observational
cohort cross-sectional case-control and before-after
studies [18, 19]. The focus of research, key findings,
study design, length of follow-up and representativeness
of participants were used to ascertain quality. For an
easy quality assessment process, studies were categorised
into three groups namely randomised controlled trials,
observational studies with control group(s) and observa-
tional studies without control group(s) [16]. Outcome
measures were assessed based on whether the articles
had a predefined outcome measure and if any cervical
cancer prevention method was explored or its applica-
tion was discussed [16]. Two independent reviewers
(WM and BGB) carried out the quality assessment
process, and discrepancies that arose were resolved
through discussion with other team members. The aver-
age score of the two reviewers (WM and BGB) on both
the quality assessment tools became the quality score for

Fig. 1 Search strategy. The search strategy is reported according to the PRISMA guidelines
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each study, with 0 being very low quality and 5 being
high quality.

Results
Out of 2559 articles, 25 met the inclusion criteria and
were synthesised for results. Table 1 summarises the
study characteristics and evidence extracted from the
studies respectively. Twenty-two studies (88.0%) were
conducted in and for sub-Saharan Africa, 2 (8.0%) in
Asia and 1 (4.0%) in South America (Fig. 2). All the in-
cluded studies were published within the last decade,
2008 to 2018.
All the included studies explored the clinical perform-

ance of cervical cancer screening methods/tools on
HIV-seropositive women, with a few comparing them to
screening HIV-negative women. There was almost a
complete consistency in defining the key outcomes
across the studies to indicate clinical performance, which
is looking at sensitivity, specificity and positive and nega-
tive predictive values. However, the baseline characteris-
tics of the study participants including age varied across
the studies. In addition, sampling and recruitment of
participants, screening process (opportunistic vs. orga-
nised), the interval on which follow-ups were conducted
and the type of visits (one-visit schemes vs. return visit
scheme) were also different. Completeness of data, data
management methods, adjustment for confounders and
analysis also differed across the studies. Therefore, be-
cause of this heterogeneity, a narrative descriptive syn-
thesis was performed.

Study design
The included studies ranged from cross-sectional to ran-
domised clinical trials. Classifying them according to the
protocol [16], most of the included studies were obser-
vational studies without control groups (n = 20, 80.0%).
There were three observational studies with a control
group (12.0%) and two (8.0%) randomised clinical trials
(see Table 1).
Of the two randomised clinical trials (see Table 1), one

compared the diagnostic accuracy between VIA and
VILI [20], whilst the other clinical trial evaluated the ef-
ficacy and safety of the screen-and-treat using either
HPV DNA test or VIA [21]. The three observational
studies with a control group compared VIA to the se-
quential use of VIA and VILI [22], and the other two
assessed the performance of careHPV® (a rapid batch
diagnostic test for detection of high-risk HPV DNA vs.
HPV genotyping [23, 24].
The 20 observational studies without a control group

evaluated clinical performance of VIA, careHPV®, VILI
with digital cervicography, Pap smear, HPV test, HPV
DNA, cryotherapy and Cellslide® automated liquid-based
cytology [25–37]. The other studies evaluated the

see-see and treat strategy of VIA/VILI and cryotherapy
[38], Hybrid Capture-2® (HC2), INNO-LiPA®, p16INK4a
ELISA®, Xpert HPV®, high-risk HPV messenger RNA
and OncoE6® for HPV detection [39–44].

Cervical cancer screening methods/tools for HIV-
seropositive women
Most of the studies were conducted in sub-Saharan Af-
rica, and they evaluated and compared the performance
of VIA, detecting high-risk HPV DNA using careHPV®,
INNO-LiPA®, HC2®, Xpert HPV or OncoE6®; a combin-
ation of VIA/VILI with digital cervicography; Pap smear;
colposcopy and test and treat using VIA/VILI; or HPV
DNA and cryotherapy [20–29, 32–44]. The two studies
conducted in Asia evaluated VIA, VILI, cytology, HPV
testing and colposcopy to find an accurate, feasible and
affordable cervical screening method for HIV-infected
women [30, 34]. In Cambodia, they compared VIA and
Pap smear, looking at the correlation between the two
amongst HIV-infected women [31].

Primary prevention methods
The p16INK4a ELISA®, a surrogate marker for high-risk
HPV, was assessed as a potential primary cervical cancer
screening tool for HIV-seropositive women in Kenya [41].

Secondary prevention methods
For secondary prevention, VIA was the most frequently
used and evaluated screening method for HIV-seropositive
women in 16 of the 25 articles included (n = 16, 64.0%).
Comparison between Pap smear and VIA to assess which
is the better screening method was explored in 4 of the in-
cluded articles (n = 4, 16.0%). Evaluation of Pap smear,
VIA, HPV test and colposcopy was also examined in 4 of
the studies (n = 4, 16.0%), whilst VIA and VILI were
assessed in only 1 study (n = 1, 4.0%). HPV DNA/mRNA
testing with various methods and tools such as HC2®,
INNO_LiPA®, HPV genotyping, careHPV®, hrHPV mRNA,
Xpert HPV® and OncoE6® was evaluated in 9 studies (n =
9, 36.0%). In the test/screen and treat initiatives, HPV
DNA and cryotherapy, VIA and cryotherapy, and VIA/
VILI and cryotherapy were evaluated in two of the studies
(n = 2, 8.0%).

Efficacy and accuracy of cervical cancer screening
methods in HIV-positive women
VIA
A number of studies [21, 22, 25, 27–30, 32, 34, 35, 43]
have all reported VIA performance in detecting cervical
intraepithelial neoplasia grade 2+ (CIN2+) that is gener-
ally consistent, with sensitivity of 55.0–80.0% and speci-
ficity of 65.0–83.0% (see Table 2). However, some
evidence [25, 32] reported specificity of 47.3% and
51.0%, which are lower than what was found in other

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 4 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

Ba
ns
il
et

al
.,

20
15

To
ev
al
ua
te

an
d

co
m
pa
re

th
e

pe
rfo

rm
an
ce

of
3

ce
rv
ic
al
ca
nc
er

sc
re
en

in
g

op
tio

ns
am

on
gs
t
H
IV
-

in
fe
ct
ed

w
om

en
in

U
ga
nd

a

23
37

H
IV
-p
os
iti
ve

an
d
H
IV
-n
eg

at
iv
e

w
om

en
;2
5
an
d
60

ye
ar
s

U
ga
nd

a
-V
is
ua
l

in
sp
ec
tio

n
w
ith

ac
et
ic

ac
id

(V
IA
)

-V
ag
in
al

ca
re
H
PV

-C
er
vi
ca
l

ca
re
H
PV

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

C
lin
ic
al
pe

rfo
rm

an
ce

of
ce
rv
ic
al
ca
re
H
PV
,

va
gi
na
lc
ar
eH

PV
an
d

VI
A

A
m
on

gs
t
H
IV
-p
os
iti
ve

w
om

en
,c
er
vi
ca
lc
ar
eH

PV
ha
d
se
ns
iti
vi
ty

an
d
sp
ec
i-

fic
ity

of
94
.3
%

an
d
62
.4
%
,

re
sp
ec
tiv
el
y;
va
gi
na
lc
ar
-

eH
PV

ha
d
80
.0
%

se
ns
iti
v-

ity
an
d
59
.9
%

sp
ec
ifi
ci
ty
;

VI
A
ha
d
77
.1
%

se
ns
iti
vi
ty

an
d
47
.3
%

sp
ec
ifi
ci
ty
.

A
m
on

gs
t
H
IV
-n
eg

at
iv
e

w
om

en
,V
IA

ha
d
93
.8
%

se
ns
iti
vi
ty

an
d
60
.5
%

sp
e-

ci
fic
ity
;c
er
vi
ca
lc
ar
eH

PV
ha
d
81
.3
%

se
ns
iti
vi
ty

an
d

80
.9
%

sp
ec
ifi
ci
ty
;v
ag
in
al

ca
re
H
PV

ha
d
75
.0
%

se
ns
i-

tiv
ity

an
d
81
.9
%

sp
ec
ifi
ci
ty
.

C
ar
eH

PV
™
pe

rfo
rm

s
be

tt
er

fo
r
sc
re
en

in
g

ce
rv
ic
al
ca
nc
er

am
on

gs
t

H
IV
-p
os
iti
ve

w
om

en
w
he

n
co
m
pa
re
d
to

VI
A
.

VI
A
ca
n
be

us
ed

as
a

tr
ia
ge

m
et
ho

d
an
d

re
du

ce
th
e
nu

m
be

r
of

tr
ea
tm

en
t
by

ha
lf

M
od

er
at
e

C
ho

lli
et

al
.,

20
18

A
ss
es
s
th
e
fe
as
ib
ili
ty

an
d

cl
in
ic
al
ou

tc
om

es
of

sc
re
en

in
g
H
IV
-p
os
iti
ve

an
d
H
IV
-n
eg

at
iv
e
C
am

er
-

oo
ni
an

w
om

en
by

pa
iri
ng

VI
A
/V
IL
I-D

C
w
ith

ca
re
H
PV

(h
ig
h-
ris
k
H
PV

nu
cl
ei
c
ac
id

te
st
)

91
3
pr
ev
io
us
ly

un
sc
re
en

ed
H
IV
-

po
si
tiv
e
an
d
H
IV
-

ne
ga
tiv
e
w
om

en
;≥

30
ye
ar
s

C
am

er
oo

n
(V
IA
/V
IL
I-D

C
)

ca
re
H
PV

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

VI
A
/V
IL
I-D

C
an
d

ca
re
H
PV

co
-t
es
tin

g
st
re
ng

th
am

on
gs
t

H
IV
-p
os
iti
ve

an
d
H
IV
-

ne
ga
tiv
e
w
om

en

Fo
r
H
IV
-p
os
iti
ve

w
om

en
,

8%
(2
9/
38
4)

te
st
ed

VI
A
/

VI
LI
-D
C
po

si
tiv
e
w
hi
ls
t

41
%

(1
57
/3
84
)
te
st
ed

po
si
tiv
e
on

ca
re
H
PV

te
st

(p
<
0.
00
01
).

H
IV
-p
os
iti
ve

w
om

en
ha
d

m
or
e
th
an

tw
ic
e
VI
A
/V
IL
I-

D
C
po

si
tiv
e
re
su
lts

(n
=

29
/3
84
,7
.6
%
)t
ha
n
H
IV
-

ne
ga
tiv
e
w
om

en
(n
=
15
/

53
0,
2.
8%

)(
p
<
0.
00
01
).

H
IV
-p
os
iti
ve

w
om

en
w
er
e
al
m
os
t
tw

ic
e
(1
.9

tim
es
)m

or
e
lik
el
y
to

te
st

ca
re
H
PV

po
si
tiv
e
th
an

H
IV
-n
eg

at
iv
e
fo
r
ea
ch

VI
A
/V
IL
I-D

C
re
su
lt

ca
te
go

ry
.

Ex
cl
us
iv
el
y
re
ly
in
g
on

ly
on

VI
A
/V
IL
I-D

C
w
ill
lik
el
y

re
su
lt
in

ab
ou

t
50
%

ov
er
tr
ea
tm

en
t
ra
te
.D

ue
to

th
ei
r
w
ea
kn
es
se
s,

pa
iri
ng

VI
A
/V
IL
I-D

C
an
d

H
PV

D
N
A
te
st
in
g
is

ef
fe
ct
iv
e.

M
od

er
at
e

C
hu

ng
et

al
.,

20
13

To
co
m
pa
re

Pa
pa
ni
co
la
u

sm
ea
r,
vi
su
al
in
sp
ec
tio

n
w
ith

ac
et
ic
ac
id

an
d

hu
m
an

pa
pi
llo
m
av
iru

s
ce
rv
ic
al
ca
nc
er

sc
re
en

in
g

m
et
ho

ds
am

on
gs
t
H
IV
-

po
si
tiv
e
w
om

en
by

im
-

m
un

e
st
at
us

an
d
an
ti-

re
tr
ov
ira
lt
he

ra
py

50
0
H
IV
-p
os
iti
ve

w
om

en
;1
8
an
d
55

ye
ar
s

Ke
ny
a

Pa
p
sm

ea
r

VI
A
H
PV

te
st

co
lp
os
co
py
-

di
re
ct
ed

bi
op

sy

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Se
ns
iti
vi
ty
,s
pe

ci
fic
ity

of
Pa
p
sm

ea
r,
VI
A
an
d

H
PV

te
st
in
g

In
di
vi
du

al
ly
,t
he

m
os
t

se
ns
iti
ve

te
st
w
as

Pa
p

(A
SC

U
S+

)
(9
2.
7%

),
w
hi
ch

w
as

si
gn

ifi
ca
nt
ly
m
or
e

se
ns
iti
ve

th
an

VI
A
(6
2.
7%

;
p
<
0.
00
1)
,P
ap

(H
SI
L+

)
(7
1.
8%

;p
<
0.
00
1)

an
d

H
PV

(8
3.
6%

;p
=
0.
04
)

(T
ab
le
3)
.H

PV
w
as

si
gn

ifi
ca
nt
ly
m
or
e

se
ns
iti
ve

th
an

VI
A
(p
<

Pa
p
sm

ea
r
is
a
ro
bu

st
te
st
am

on
gs
t
H
IV
-

po
si
tiv
e
w
om

en
re
ga
rd
-

le
ss

of
im

m
un

e
st
at
us

or
A
RT

du
ra
tio

n.
Pa
p

(A
SC

U
S+

)h
ad

th
e
hi
gh

-
es
t
se
ns
iti
vi
ty
,t
he

co
m
-

bi
na
tio

n
of

bo
th

Pa
p

(H
SI
L+

)a
nd

VI
A
po

si
tiv
e

ha
d
th
e
hi
gh

es
t
sp
ec
ifi
-

ci
ty

an
d
Pa
p
(H
SI
L+

)
ha
d

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 5 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

0.
00
1)

an
d
Pa
p
(H
SI
L+

)
(p
=
0.
04
).
Pa
p
(H
SI
L+

)
(9
7.
1%

)
w
as

si
gn

ifi
ca
nt
ly

m
or
e
sp
ec
ifi
c
th
an

VI
A

(6
5.
9%

;p
<
0.
00
1)

an
d

H
PV

(5
5.
7%

;p
<
0.
00
1)
,

an
d
VI
A
w
er
e
m
or
e

sp
ec
ifi
c
th
an

H
PV

(p
=

0.
00
6)
.T
he

ce
rv
ic
al

sc
re
en

in
g
m
et
ho

d
w
ith

th
e
hi
gh

es
t
A
U
C
w
as

Pa
p

(H
SI
L+

)
(0
.8
5)
,w

hi
ch

w
as

si
gn

ifi
ca
nt
ly
gr
ea
te
r
th
an

VI
A
(0
.6
4;
p
<
0.
00
1)
,H

PV
(0
.7
0;
p
<
0.
00
1)
,P
ap

(A
SC

U
S+

)
(0
.7
1;
p
<
0.
00
1)

an
d
Pa
p
(L
SI
L+

)(
0.
76
;p

<
0.
00
1)
.C

om
bi
ni
ng

ce
rv
ic
al
sc
re
en

in
g

m
et
ho

ds
di
d
no

t
si
gn

ifi
ca
nt
ly
im

pr
ov
e
te
st

se
ns
iti
vi
ty

ov
er

us
in
g
Pa
p

(A
SC

U
S+

)
al
on

e.
H
ow

ev
er
,c
om

bi
ni
ng

VI
A

an
d
Pa
p
(H
SI
L+

)t
o

co
nf
irm

po
si
tiv
e
te
st

re
su
lts

ha
d
gr
ea
te
r

sp
ec
ifi
ci
ty

th
an

Pa
p
(H
SI
L

+
)
al
on

e
(9
9.
1
vs
.9
7.
1%

;
p
<
0.
00
1)
.

th
e
hi
gh

es
t
A
U
C
.

D
ar
te
ll
et

al
.,

20
14

To
ex
am

in
e
th
e
ab
ili
ty

of
VI
A
an
d
H
PV
-t
es
tin

g
to

de
te
ct

cy
to
lo
gi
ca
lly

di
ag
-

no
se
d
hi
gh

-g
ra
de

le
si
on

s
or

ca
nc
er

(H
SI
L+

)

36
03

H
IV
-p
os
iti
ve

an
d
H
IV
-n
eg

at
iv
e

w
om

en
;2
4.
4%

w
er
e

29
ye
ar
s
or

yo
un

ge
r,

35
.1
%

w
er
e
30
–3
9

ye
ar
s,
25
.2
%

w
er
e

40
–4
9
ye
ar
s
an
d

15
.3
%

w
er
e
50

ye
ar
s

or
ol
de

r

Ta
nz
an
ia

C
on

ve
nt
io
na
l

cy
to
lo
gy

VI
A

H
PV
-D
N
A

de
te
ct
io
n

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Se
ns
iti
vi
ty
,s
pe

ci
fic
ity
,

po
si
tiv
e
pr
ed

ic
tiv
e

va
lu
e
an
d
ne

ga
tiv
e

pr
ed

ic
tiv
e
va
lu
e
of

VI
A
,H

R
H
PV
-t
es
tin

g
co
m
pa
re
d
to

cy
to
lo
gy

A
m
on

gs
t
al
lw

om
en

,V
IA

ha
d
a
se
ns
iti
vi
ty

of
28
.5
%

(9
5%

C
I2
0.
9–
36
.0
)
an
d
a

sp
ec
ifi
ci
ty

of
96
.5
%

(9
5%

C
I9
5.
9–
97
.1
).
Th
e

se
ns
iti
vi
ty

fo
r
VI
A
w
as

hi
gh

er
in

w
om

en
fro

m
ur
ba
n
ar
ea
s
(3
9.
0%

)
an
d

am
on

gs
t
H
IV
-p
os
iti
ve

w
om

en
(5
0.
0%

).
H
PV
-

te
st
in
g
ha
d
a
hi
gh

se
ns
i-

tiv
ity

(9
4.
2%

;9
5%

C
I

90
.2
–9
8.
1)

an
d
a
so
m
e-

w
ha
t
lo
w
er

sp
ec
ifi
ci
ty

(8
2.
8%

;9
5%

C
I8
1.
6–
84
.1
).

Th
e
sp
ec
ifi
ci
ty

w
as

lo
w
-

es
t
am

on
gs
t
H
IV
-p
os
iti
ve

w
om

en
(5
8.
2%

)
an
d

am
on

gs
t
w
om

en
29

H
PV

te
st
in
g
w
ou

ld
be

a
be

tt
er

pr
im

ar
y
sc
re
en

in
g

to
ol

fo
r
ce
rv
ic
al
ca
nc
er

in
su
b-
Sa
ha
ra
n
A
fri
ca
,p

os
-

si
bl
y
w
ith

VI
A
as

a
se
c-

on
da
ry

to
ol

to
in
cr
ea
se

sp
ec
ifi
ci
ty
.

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 6 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

ye
ar
s
or

yo
un

ge
r
(7
4.
7%

).
Th
e
VI
A
an
d
H
PV

te
st
in
g

ha
d
a
PP
V
ra
ng

in
g
fro

m
16
.7
to

32
.6
%

an
d
fro

m
7.
2
to

22
.9
%
,r
es
pe

ct
iv
el
y.

Fo
r
bo

th
VI
A
an
d
H
PV
-

te
st
in
g,

th
e
lo
w
es
t
PP
V

w
as

se
en

am
on

gs
t

w
om

en
be

lo
w

29
ye
ar
s

ol
d.

N
PV

w
as

hi
gh

fo
r

bo
th

VI
A
an
d
H
PV
-t
es
tin

g
(>

99
.6
%
)
an
d
re
ac
he

d
up

to
10
0%

fo
r
H
PV

te
st
-

in
g
am

on
gs
t
w
om

en
w
ho

w
er
e
be

lo
w

29
ye
ar
s

an
d
am

on
gs
t
w
om

en
w
ho

w
er
e
H
IV

po
si
tiv
e.

Fi
rn
ha
be

r
et

al
.,

20
16

To
co
m
pa
re

VI
A
,

cy
to
lo
gy

an
d
H
PV
-D
N
A

te
st
in
g
am

on
gs
t
H
IV
-

po
si
tiv
e
w
om

en

68
8
H
IV
-p
os
iti
ve

w
om

en
;a
ge

IQ
R

(3
3–
44
)

So
ut
h

A
fri
ca

Pa
p
sm

ea
r

VI
A
H
PV

te
st
in
g

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Pr
og

re
ss
io
n
to

C
IN
2+

w
as

hi
gh

er
in

w
om

en
w
ith

po
si
tiv
e
VI
A
re
su
lts

(1
2.
6%

;2
4/
19
1)

th
an

th
os
e
VI
A
-n
eg

at
iv
e
(4
.4
%
;

19
/4
32
).
H
PV
-p
os
iti
ve

w
om

en
at

ba
se
lin
e
w
er
e

m
or
e
lik
el
y
to

pr
og

re
ss

to
C
IN
2+

(1
2.
3%

;3
6/
29
3)

th
an

th
os
e
H
PV
-n
eg

at
iv
e

(2
.1
%
;7
/3
29
).
C
yt
ol
og

y-
po

si
tiv
e
w
om

en
at

ba
se
-

lin
e
w
er
e
m
or
e
lik
el
y
to

pr
og

re
ss

to
C
IN
2+

(9
.6
%
;

37
/3
84
)
th
an

cy
to
lo
gy
-

ne
ga
tiv
e
w
om

en
(2
.5
%
;

6/
23
7)
.A

pp
ro
xi
m
at
el
y

10
%

(1
0.
4%

;3
9/
37
6)

of
w
om

en
w
ith

C
IN
1
at

ba
se
lin
e
pr
og

re
ss
ed

to
C
IN
2+

.W
om

en
w
ho

w
er
e
VI
A
or

H
PV

po
si
tiv
e

at
ba
se
lin
e
w
er
e
m
or
e

lik
el
y
to

pr
og

re
ss

aI
RR

1.
85
,(
95
%

C
I1
.4
6
to

2.
36
),
aI
RR

1.
41

(9
5%

C
I

1.
14

to
1.
75
),
re
sp
ec
tiv
el
y.

Pr
og

re
ss
io
n
to

C
IN
2+

in
H
IV
-in

fe
ct
ed

w
om

en
is

si
gn

ifi
ca
nt

w
he

n
m
ea
-

su
re
d
by

ba
se
lin
e
po

si
-

tiv
e
VI
A
,H

PV
or

Pa
p,

an
d

ye
ar
ly
sc
re
en

in
g
by

an
y

m
et
ho

d
sh
ou

ld
be

co
n-

si
de

re
d
in

th
is
po

pu
la
-

tio
n
if
po

ss
ib
le
.

M
od

er
at
e

H
uc
hk
o
et

al
.,

20
14

To
de

te
rm

in
e
th
e

op
tim

al
st
ra
te
gy

fo
r

ce
rv
ic
al
ca
nc
er

sc
re
en

in
g

in
w
om

en
w
ith

H
IV

34
62

H
IV
-p
os
iti
ve

w
om

en
;2
3–
60

ye
ar
s

Ke
ny
a

VI
A
an
d
VI
A
/

VI
LI

O
bs
er
va
tio

na
l

st
ud

y
w
ith

a
co
nt
ro
lg

ro
up

Po
si
tiv
ity

ra
te

an
d
PP
V

fo
r
VI
A
an
d
VI
A
/V
IL
I

fo
r
C
IN
2+

am
on

gs
t

H
IV
-in

fe
ct
ed

w
om

en

Sc
re
en

in
g
po

si
tiv
ity

ra
te

w
as

26
.4
%

fo
r
VI
A
an
d

21
.7
%

VI
A
/V
IL
I(
p
=
0.
00
3)

w
ith

a
fo
llo
w
-u
p

Th
e
ab
se
nc
e
of

m
uc
h

di
ffe
re
nc
es

be
tw

ee
n
VI
A

an
d
VI
A
/V
IL
Ii
n
de

te
ct
io
n

ra
te
s
or

PP
V
fo
r
C
IN
2+

H
ig
h

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 7 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

in
fe
ct
io
n
by

co
m
pa
rin

g
tw

o
st
ra
te
gi
es
:V
IA

an
d

VI
A
fo
llo
w
ed

by
VI
LI
in

w
om

en
w
ith

a
po

si
tiv
e

VI
A
re
su
lt

co
lp
os
co
py

ra
te

of
96
.6
%

an
d
96
.3
%
,r
es
pe

ct
iv
el
y.

Th
e
PP
V
of

VI
A
fo
r

bi
op

sy
-c
on

fir
m
ed

C
IN
2+

in
a
si
ng

le
ro
un

d
of

sc
re
en

in
g
w
as

35
.2
%

VI
A
,

co
m
pa
re
d
w
ith

38
.2
%

fo
r

VI
A
/V
IL
I(
p
=
0.
41
).

su
gg

es
ts
th
at

VI
A
ca
n
be

us
ed

al
on

e
as

a
ce
rv
ic
al

ca
nc
er

sc
re
en

in
g
st
ra
te
gy

in
lo
w
-in

co
m
e
se
tt
in
gs
.

H
uc
hk
o
et

al
.,

20
15

To
co
m
pa
re

th
e

di
ag
no

st
ic
ac
cu
ra
cy

of
VI
A
to

VI
LI
fo
r
ce
rv
ic
al

ca
nc
er

sc
re
en

in
g
in

H
IV
-

in
fe
ct
ed

w
om

en

65
4
H
IV
-p
os
iti
ve

w
om

en
;2
3–
65

ye
ar
s

Ke
ny
a

VI
A
an
d
VI
LI

Ra
nd

om
is
ed

cl
in
ic
al
tr
ia
l

Te
st
pe

rfo
rm

an
ce

of
VI
A
or

VI
LI

Th
e
te
st
po

si
tiv
ity

ra
te
s

w
er
e
26
.2
%

fo
r
VI
A
an
d

30
.6
%

fo
r
VI
LI
(p
=
0.
22
).

Th
e
ra
te

of
de

te
ct
io
n
of

C
IN
2+

w
as

7.
7%

in
th
e

VI
A
ar
m

an
d
11
.5
%

in
th
e

VI
LI
ar
m

(p
=
0.
10
).

Se
ns
iti
vi
ty

an
d
sp
ec
ifi
ci
ty

w
er
e
84
.0
%

an
d
78
.6
%
,

re
sp
ec
tiv
el
y,
fo
r
VI
A
an
d

84
.2
%

an
d
76
.4
%

fo
r
VI
LI
.

Th
e
po

si
tiv
e
an
d

ne
ga
tiv
e
pr
ed

ic
tiv
e

va
lu
es

w
er
e
24
.7
%

an
d

98
.3
%

fo
r
VI
A
,a
nd

31
.7
%

an
d
97
.4
%

fo
r
VI
LI
.

A
m
on

gs
t
w
om

en
w
ith

C
D
4+

co
un

t
<
35
0,
VI
LI

ha
d
a
si
gn

ifi
ca
nt
ly

de
cr
ea
se
d
sp
ec
ifi
ci
ty

(6
6.
2%

)
co
m
pa
re
d
to

VI
A

in
th
e
sa
m
e
gr
ou

p
(8
3.
9%

,p
=
0.
02
)
an
d

co
m
pa
re
d
to

VI
LI

pe
rfo

rm
ed

am
on

gs
t

w
om

en
w
ith

C
D
4+

co
un

t
≥
35
0
(7
9.
7%

,p
=

0.
02
).

VI
A
an
d
VI
LI
ha
d
si
m
ila
r

di
ag
no

st
ic
ac
cu
ra
cy

an
d

ra
te
s
of

C
IN
2+

de
te
ct
io
n

am
on

gs
t
H
IV
-in

fe
ct
ed

w
om

en
.

H
ig
h

Jo
sh
ie
t
al
.,

20
13

To
ev
al
ua
te

an
ac
cu
ra
te
,

af
fo
rd
ab
le
,a
nd

fe
as
ib
le

m
et
ho

d
to

sc
re
en

an
d

tr
ea
t
H
IV
-in

fe
ct
ed

w
om

en
so

th
at

ce
rv
ic
al

ca
nc
er

ca
n
be

pr
ev
en

te
d

am
on

gs
t
th
em

11
28

H
IV
-p
os
iti
ve

w
om

en
;2
1–
60

ye
ar
s

In
di
a

VI
A
,V
IL
I,

cy
to
lo
gy
,H

PV
te
st
in
g,

co
lp
os
co
py

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

C
on

cu
rr
en

t
pe

rfo
rm

an
ce

of
cy
to
lo
gy
,H

PV
te
st
in
g,

VI
A
an
d
VI
LI
in

de
te
ct
in
g
C
IN
2
an
d
3

Th
e
se
ns
iti
vi
ty
,s
pe

ci
fic
ity

an
d
po

si
tiv
e
pr
ed

ic
tiv
e

va
lu
es

fo
r
VI
A
to

de
te
ct

C
IN
2
an
d
3
le
si
on

s
w
er
e

83
.6
,8
8.
8
an
d
27
.7
%
,

re
sp
ec
tiv
el
y;
th
e

co
rr
es
po

nd
in
g
va
lu
es

fo
r

VI
LI
w
er
e
89
.1
,8
9.
3
an
d

30
.1
%
;f
or

cy
to
lo
gy

at
A
SC

U
S
th
re
sh
ol
d
w
er
e

63
.3
,9
4.
5
an
d
35
.2
%
;a
nd

fo
r
H
PV

te
st
in
g
w
er
e

H
PV

te
st
in
g,

VI
LI
an
d
VI
A

ha
ve

a
hi
gh

er
se
ns
iti
vi
ty

in
de

te
ct
in
g
hi
gh

-g
ra
de

C
IN

th
an

th
at

of
co
nv
en

-
tio

na
lc
yt
ol
og

y.
Se
qu

en
-

tia
lt
es
tin

g
w
ith

VI
A
an
d

VI
LI
is
th
e
m
os
t
fe
as
ib
le

sc
re
en

in
g
ap
pr
oa
ch

fo
r

ce
rv
ic
al
ca
nc
er

sc
re
en

in
g

in
H
IV
-in

fe
ct
ed

w
om

en
in

lo
w
-r
es
ou

rc
e
co
un

-
tr
ie
s.
W
he

n
H
PV

te
st
in
g

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 8 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

94
.6
,7
7.
4
an
d
17
.8
%
,

re
sp
ec
tiv
el
y.
A
lth

ou
gh

VI
A
ha
d
a
hi
gh

er
se
ns
iti
vi
ty

th
an

cy
to
lo
gy
,

it
di
d
no

t
re
ac
h
st
at
is
tic
al

si
gn

ifi
ca
nc
e.
H
PV

te
st
in
g

w
as

10
0%

se
ns
iti
ve

in
de

te
ct
in
g
C
IN
3
le
si
on

s;
ho

w
ev
er
,i
t
ha
d

si
gn

ifi
ca
nt
ly
lo
w
er

sp
ec
ifi
ci
ty

th
an

VI
A
,V
IL
I

an
d
cy
to
lo
gy

(p
<
0.
00
1)
.

be
co
m
es

fe
as
ib
le
an
d
af
-

fo
rd
ab
le
,H

PV
te
st
in
g

fo
llo
w
ed

by
VI
A
/V
IL
Im

ay
be

co
ns
id
er
ed

.

Ku
hn

et
al
.,

20
10

To
ev
al
ua
te

th
e
ef
fic
ac
y

am
on

gs
t
H
IV
-in

fe
ct
ed

w
om

en
of

a
si
m
pl
er
,

sc
re
en

-a
nd

-t
re
at

st
ra
te
gy

in
w
hi
ch

al
lw

om
en

w
ith

a
po

si
tiv
e
sc
re
en

in
g
te
st

ar
e
tr
ea
te
d
w
ith

cr
yo
th
er
ap
y

65
55

w
om

en
,

w
ho

m
95
6
w
er
e

H
IV
-p
os
iti
ve
;3
5–
65

ye
ar
s

So
ut
h

A
fri
ca

H
PV

D
N
A

ba
se
d
sc
re
en

-
an
d-
tr
ea
t
an
d

VI
A
-b
as
ed

sc
re
en

-a
nd

-
tr
ea
t

Ra
nd

om
is
ed

cl
in
ic
al
tr
ia
l

Sa
fe
ty

an
d
ef
fic
ac
y
of

sc
re
en

-a
nd

-t
re
at

am
on

gs
t
H
IV
-p
os
iti
ve

w
om

en

H
PV

D
N
A
te
st
in
g
w
as

hi
gh

ly
ef
fe
ct
iv
e
in

re
du

ci
ng

th
e
ris
k
of

C
IN
2

+
by

36
m
on

th
s
am

on
gs
t

bo
th

H
IV
-p
os
iti
ve

[re
la
-

tiv
e
ris
k
(R
R)
=
0.
20
,9
5%

co
nf
id
en

ce
in
te
rv
al
(C
I)

0.
06
–0
.6
9]

an
d
H
IV
-

ne
ga
tiv
e
(R
R
=
0.
31
,9
5%

C
I0
.2
0–
0.
50
)
w
om

en
.

Th
e
be

ne
fit

of
VI
A
-a
nd

-
tr
ea
t
w
as

le
ss

m
ar
ke
d

an
d
on

ly
re
ac
he

d
st
at
is
-

tic
al
si
gn

ifi
ca
nc
e
in

H
IV
-

po
si
tiv
e
w
om

en
(R
R
=

0.
51
,9
5%

C
I0
.2
9–
0.
89
)

an
d
no

t
in

H
IV
-n
eg

at
iv
e

w
om

en
(R
R
=
0.
76
,9
5%

C
I0
.5
2–
1.
1)
.T
he

se
ns
iti
v-

ity
of

H
PV

D
N
A
te
st
in
g
at

en
ro
lm

en
t
to

de
te
ct

C
IN
2+

th
ro
ug

h
36

m
on

th
s
w
as

94
.4
%

in
H
IV
-p
os
iti
ve

w
om

en
,

w
he

re
as

th
e
se
ns
iti
vi
ty

of
th
e
VI
A
te
st
w
as

63
.9
%

in
H
IV
-p
os
iti
ve

w
om

en
.I
n

th
e
H
PV

an
d-
tr
ea
t
gr
ou

p,
th
er
e
w
as

a
sl
ig
ht
ly
lo
w
er

ra
te

of
C
IN
2+

af
te
r
cr
yo
-

th
er
ap
y
am

on
gs
t
H
IV
-

po
si
tiv
e
(2
.8
%
)
vs
.H

IV
-

ne
ga
tiv
e
(7
.1
%
)
w
om

en
,

bu
t
th
is
di
ffe
re
nc
e
w
as

of
bo

rd
er
lin
e
si
gn

ifi
ca
nc
e

(p
=
0.
05
).
In

th
e
VI
A
-a
nd

-
tr
ea
t
gr
ou

p,
C
IN
2+

fa
ilu
re

H
PV
-b
as
ed

sc
re
en

-a
nd

-
tr
ea
t
is
sa
fe

an
d
ef
fe
ct
iv
e

in
H
IV
-p
os
iti
ve

w
om

en
.A

si
ng

le
ro
un

d
of

sc
re
en

in
g

w
ith

an
H
PV

te
st

fo
llo
w
ed

by
cr
yo
th
er
ap
y

of
al
ls
cr
ee
n-
po

si
tiv
e

w
om

en
re
du

ce
d
hi
gh

-
gr
ad
e
ce
rv
ic
al
ca
nc
er

pr
ec
ur
so
rs
(C
IN
2+

)
by

80
%
,a
nd

th
is
w
as

su
s-

ta
in
ed

th
ro
ug

h
36

m
on

th
s.
VI
A
-b
as
ed

sc
re
en

-a
nd

-t
re
at

w
as

si
g-

ni
fic
an
tly

le
ss

ef
fe
ct
iv
e,

al
th
ou

gh
be

tt
er

th
an

no
in
te
rv
en

tio
n
in

H
IV
-

po
si
tiv
e
w
om

en
.

H
ig
h

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 9 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

ra
te
s
af
te
r
cr
yo
th
er
ap
y

w
er
e
si
m
ila
r
in

H
IV
-

po
si
tiv
e
(4
.8
%
)
an
d
H
IV
-

ne
ga
tiv
e
(2
.8
%
)
w
om

en

Li
m

et
al
.,
20
11

To
co
m
pa
re

Pa
p
sm

ea
r

re
ad
in
gs

to
VI
A
fin
di
ng

s
am

on
gs
t
H
IV
-in

fe
ct
ed

w
om

en
in

Ph
no

m
Pe
nh

,
C
am

bo
di
a

29
3
H
IV
-in

fe
ct
ed

w
om

en
C
am

bo
di
a

Pa
p
sm

ea
r

an
d
VI
A

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

D
eg

re
e
of

co
rr
el
at
io
n

be
tw

ee
n
Pa
p
sm

ea
r

an
d
VI
A
fin
di
ng

s

55
(1
9%

)w
om

en
sc
re
en

ed
po

si
tiv
e
on

VI
A
;

25
(8
.5
%
)
w
om

en
sc
re
en

ed
po

si
tiv
e
by

Pa
p.

Vi
su
al
in
sp
ec
tio

n
w
ith

ac
et
ic
ac
id

de
te
ct
ed

18
of

th
e
25

pa
tie
nt
s
w
ith

ab
no

rm
al
cy
to
lo
gy

an
d

w
as

no
rm

al
in

7
w
om

en
w
ith

ab
no

rm
al
cy
to
lo
gy
.

37
(6
7%

)w
om

en
w
ith

po
si
tiv
e
VI
A
w
er
e

ne
ga
tiv
e
by

cy
to
lo
gy
.

O
ur

st
ud

y
sh
ow

s
a

re
as
on

ab
le
co
rr
el
at
io
n

be
tw

ee
n
VI
A
an
d
Pa
p

sm
ea
r,
w
ith

VI
A

de
te
ct
in
g
m
or
e

ab
no

rm
al
iti
es

th
an

cy
to
lo
gy
.I
n
th
e
ab
se
nc
e

of
Pa
p
sm

ea
r
av
ai
la
bi
lit
y,

VI
A
m
ay

be
a
re
as
on

ab
le

ce
rv
ic
al
ca
nc
er

sc
re
en

in
g

m
et
ho

d
fo
r
H
IV
-in

fe
ct
ed

w
om

en
in

C
am

bo
di
a.

Lo
w

M
ab
ey
a
et

al
.,

20
12

To
de

te
rm

in
e
th
e

ac
cu
ra
cy

of
VI
A
vs
.P
ap

sm
ea
r
am

on
gs
t
H
IV
-

in
fe
ct
ed

w
om

en

15
0
H
IV
-in

fe
ct
ed

w
om

en
;2
0–
45

ye
ar
s

Ke
ny
a

Pa
p
sm

ea
r

an
d
VI
A

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

A
cc
ur
ac
y
of

VI
A
vs
.

co
nv
en

tio
na
lP

ap
sm

ea
r
as

a
sc
re
en

in
g

to
ol

fo
r
C
IN
/c
an
ce
r

am
on

gs
t
H
IV
-in

fe
ct
ed

w
om

en
w
ith

bi
op

sy
as

th
e
re
fe
re
nc
e
cr
i-

te
rio

n
st
an
da
rd

U
si
ng

A
U
C
as

an
ov
er
al
l

m
ea
su
re

of
sc
re
en

in
g

ac
cu
ra
ci
es

an
d
us
in
g

C
IN
1
or

hi
gh

er
as

th
e

go
ld

st
an
da
rd

th
re
sh
ol
d,

th
e
pe

rfo
rm

an
ce

of
Pa
p

sm
ea
r
is
sl
ig
ht
ly
be

tt
er

th
an

VI
A
,b

ut
th
e

di
ffe
re
nc
e
is
no

t
si
gn

ifi
ca
nt

(P
ap

sm
ea
r:

A
U
C
=
0.
59
6,
VI
A
:A

U
C
=

0.
57
1,
p
=
0.
64
).
W
he

n
us
in
g
C
IN
2
or

hi
gh

er
as

th
e
go

ld
st
an
da
rd

th
re
sh
ol
d,

th
e

pe
rfo

rm
an
ce

of
Pa
p

sm
ea
r
an
d
VI
A
ar
e
m
or
e

co
m
pa
ra
bl
e
(P
ap

sm
ea
r:

A
U
C
=
0.
60
6,
VI
A
:A

U
C
=

0.
60
3,
p
=
0.
93
).
U
si
ng

C
IN
2
or

hi
gh

er
di
se
as
e

on
bi
op

sy
as

an
en

d
po

in
t,
VI
A
ha
s
a

se
ns
iti
vi
ty

of
69
.6
%

(9
5%

C
I=

55
.1
–8
1.
0%

),
sp
ec
ifi
ci
ty

of
51
.0
%

(9
5%

C
I=

41
.5
–6
0.
4%

),
PP
V
of

38
.6
%

(9
5%

C
I=

28
.8
–

49
.3
%
),
an
d
N
PV

of
79
.1
%

(9
5%

C
I=

67
.8
–8
7.
2%

).
Fo
r
co
nv
en

tio
na
lP

ap

Vi
su
al
in
sp
ec
tio

n
w
ith

ac
et
ic
ac
id

is
co
m
pa
ra
bl
e

to
Pa
p
sm

ea
r
an
d

ac
ce
pt
ab
le
fo
r
sc
re
en

in
g

H
IV
-in

fe
ct
ed

w
om

en
in

re
so
ur
ce
-li
m
ite
d
se
tt
in
gs

su
ch

as
W
es
te
rn

Ke
ny
a.

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 10 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

sm
ea
r,
se
ns
iti
vi
ty

w
as

52
.5
%

(9
5%

C
I=

42
.1
–

71
.5
%
),
sp
ec
ifi
ci
ty

w
as

66
.3
%

(9
5%

C
I=

52
.0
–

71
.2
%
),
PP
V
w
as

39
.7
%

(9
5%

C
I=

27
.6
–5
1.
8%

)
an
d
N
PV

w
as

76
.8
%

(9
5%

C
I=

67
.0
–8
5.
6%

).

M
ic
he

lo
w

et
al
.,

20
16

To
ev
al
ua
te

th
e

pe
rfo

rm
an
ce

of
th
e

C
el
ls
lid
e®

au
to
m
at
ed

liq
ui
d-
ba
se
d
cy
to
lo
gy

(L
BC

)s
ys
te
m

as
a
po

s-
si
bl
e
al
te
rn
at
iv
e
to

co
n-

ve
nt
io
na
lc
yt
ol
og

y
am

on
gs
t
H
IV
-p
os
iti
ve

w
om

en

34
8
H
IV
-p
os
iti
ve

w
om

en
;1
8–
65

ye
ar
s

So
ut
h

A
fri
ca

C
el
ls
lid
e®

au
to
m
at
ed

LB
C

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

N
um

be
r
of

po
si
tiv
e

an
d
ne

ga
tiv
e
sa
m
pl
es

te
st
ed

us
in
g
C
el
ls
lid
e®

Fo
r
H
SI
L,
C
el
ls
lid
e®

sh
ow

ed
se
ns
iti
vi
ty

of
76
.0
%

(9
5%

C
I6
4.
8–
85
.1
)

an
d
sp
ec
ifi
ci
ty

of
91
.0
%

(9
5%

C
I8
7.
0–
94
.2
),
w
ith

a
fa
ls
e-
om

is
si
on

ra
te
<
7%

,
co
m
pa
re
d
w
ith

co
nv
en

-
tio

na
lc
yt
ol
og

y.
W
he

n
co
m
pa
re
d
w
ith

co
nv
en

-
tio

na
lc
yt
ol
og

y,
C
el
ls
lid
e®

sh
ow

ed
se
ns
iti
vi
ty

of
89
.6
%

(9
5%

C
I8
2.
9–
94
.4
)

an
d
sp
ec
ifi
ci
ty

of
92
.2
%

(9
5%

C
I8
7.
8–
95
.4
)
fo
r

N
IL
M
,s
en

si
tiv
ity

of
70
.2
%

(9
5%

C
I6
1.
3–
78
.0
)
an
d

sp
ec
ifi
ci
ty

of
87
.7
%

(9
5%

C
I8
2.
6–
91
.7
)
fo
r
LS
IL
an
d

se
ns
iti
vi
ty

of
10
0%

(9
5%

C
I2
.5
–1
00
)a

nd
sp
ec
ifi
-

ci
ty

of
98
.8
%

(9
5%

C
I

97
.1
–9
9.
7)

fo
r
A
SC

H
.

Th
e
pe

rfo
rm

an
ce

of
th
e

C
el
ls
lid
e(
(R
))
LB
C
sy
st
em

w
as

si
m
ila
r
to

th
at

of
co
nv
en

tio
na
lc
yt
ol
og

y
in

th
is
po

pu
la
tio

n
of

hi
gh

-
ris
k
H
IV
-p
os
iti
ve

w
om

en
,

in
di
ca
tin

g
th
at

it
m
ay

be
in
tr
od

uc
ed

su
cc
es
sf
ul
ly

as
pa
rt
of

a
ce
rv
ic
al
ca
n-

ce
r
sc
re
en

in
g

pr
og

ra
m
m
e.

Lo
w

M
ut
ya
ba

et
al
.,

20
10

To
ev
al
ua
te

th
e
‘se

e-
se
e

an
d
tr
ea
t’
st
ra
te
gy

an
d

th
e
ro
le
of

H
IV

on
ce
rv
ic
al
ca
nc
er

pr
ev
en

tio
n
in

U
ga
nd

a

51
05

H
IV
-n
eg

at
iv
e

an
d
H
IV
-p
os
iti
ve

w
om

en
;2
0–
60

ye
ar
s

U
ga
nd

a
VI
A
/V
IL
Ia
nd

cr
yo
th
er
ap
y

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

D
et
ec
tio

n
ra
te
s
by

ag
e-
gr
ou

p
an
d
ce
r-

vi
ca
ll
es
io
n
tr
ea
tm

en
t

D
et
ec
tio

n
ra
te
s
pe

r
10
00

w
om

en
sc
re
en

ed
w
er
e

hi
gh

er
am

on
gs
t
th
e

ol
de

r
w
om

en
(4
1–
60

ye
ar
s)
co
m
pa
re
d
to

w
om

en
ag
ed

20
–4
0

ye
ar
s.
Th
ey

w
er
e

ac
co
rd
in
gl
y
55
%

an
d

20
%

fo
r
in
fla
m
m
at
io
n,

10
%

an
d
2%

fo
r
LG

SI
L,

5%
an
d
2%

fo
r
H
G
SI
L

an
d
6%

an
d
1%

fo
r

in
va
si
ve

ce
rv
ic
al
ca
nc
er
.

O
f
th
e
60
8
w
om

en
,1
03

(1
6%

)w
er
e
H
IV

po
si
tiv
e.

H
IV

po
si
tiv
ity

w
as

as
so
ci
at
ed

w
ith

a
hi
gh

er
lik
el
ih
oo

d
of

VI
A
/V
IL
Iu

se
d
as

a
so
le

m
et
ho

d
fo
r
ce
rv
ic
al

ca
nc
er

sc
re
en

in
g
w
ou

ld
en

ta
il
si
gn

ifi
ca
nt

fa
ls
e-

po
si
tiv
e
re
su
lts
.H

IV
se
ro
-

po
si
tiv
ity

w
as

as
so
ci
at
ed

w
ith

a
hi
gh

er
pr
ev
al
en

ce
of

in
fla
m
m
at
or
y
ce
rv
ic
al

le
si
on

s.
C
ry
ot
he

ra
py

tr
ea
tm

en
t
ou

tc
om

e
w
as

no
t
co
nc
lu
si
ve

du
e
to

th
e
lim

ite
d
fo
llo
w
-u
p

tim
e

Lo
w

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 11 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

in
fla
m
m
at
io
n
(R
R
=
1.
7;

95
%

C
I1
.2
–2
.4
).
Th
e
32

w
om

en
w
ith

SI
L
(1
9

LG
SI
L
an
d
13

H
G
SI
L)

un
de

rw
en

t
tr
ea
tm

en
t
by

cr
yo
th
er
ap
y
(3
1
w
om

en
)

or
LE
EP

(1
w
om

an
).
1

w
om

an
ha
d
pe

rs
is
te
nt

LS
IL
an
d
1
ha
d

in
fla
m
m
at
io
n;
bo

th
w
er
e

H
IV

po
si
tiv
e.
O
th
er

27
w
om

en
ha
d
no

rm
al

fin
di
ng

s.

N
go

u
et

al
.,

20
15

To
co
m
pa
re

th
e
H
yb
rid

C
ap
tu
re

2
H
PV

D
N
A

as
sa
y
(H
C
2)

an
d
th
e

IN
N
O
-L
iP
A
H
PV

G
en

ot
yp
-

in
g
Ex
tr
a
as
sa
y
(IN

N
O
-

Li
PA

)
fo
r
ce
rv
ic
al
ca
nc
er

sc
re
en

in
g
in

H
IV
-1
-

in
fe
ct
ed

A
fri
ca
n
w
om

en

12
24

H
IV
-p
os
iti
ve

w
om

en
in

Bu
rk
in
a

Fa
so

(N
=
60
4)

an
d

So
ut
h
A
fri
ca

(N
=

62
0)
;2
5–
50

ye
ar
s

Bu
rk
in
a

Fa
so

an
d

So
ut
h

A
fri
ca

H
C
2
an
d

IN
N
O
-L
iP
A

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

A
gr
ee
m
en

t
be

tw
ee
n

H
C
2
an
d
IN
N
O
-L
iP
A

fo
r
de

te
ct
io
n
of

H
R-

H
PV

in
fe
ct
io
n
an
d

co
m
pa
re

th
ei
r
pe

rfo
r-

m
an
ce
s
in

di
ag
no

si
ng

ce
rv
ic
al
le
si
on

s
de

-
te
ct
ed

by
cy
to
lo
gy

an
d
hi
st
ol
og

y

W
he

n
co
ns
id
er
in
g
th
e

13
h-
H
PV

ty
pe

s
de

te
ct
ed

by
H
C
2,
63
4
(5
1.
8%

)
an
d

84
9
(6
9.
4%

)
sa
m
pl
es

w
er
e
po

si
tiv
e
by

H
C
2

an
d
IN
N
O
-L
iP
A
,r
es
pe

ct
-

iv
el
y.
A
gr
ee
m
en

t
be

-
tw

ee
n
as
sa
ys

w
as

73
.9
%

[a
dj
us
te
d
ka
pp

a
co
ef
fi-

ci
en

t
va
lu
e,
0.
44

(9
5%

co
nf
id
en

ce
in
te
rv
al
0.
43

to
0.
53
)].
A
gr
ee
m
en

t
im

-
pr
ov
ed

w
ith

an
al
ys
is
re
-

st
ric
te
d
to

w
om

en
w
ith

hi
gh

-g
ra
de

ce
rv
ic
al
le
-

si
on

s
[a
dj
us
te
d
ka
pp

a
co
-

ef
fic
ie
nt

va
lu
e,
0.
83

(9
5%

co
nf
id
en

ce
in
te
rv
al
0.
74

to
0.
91
)].
Th
e
pr
ev
al
en

ce
of

hr
-H
PV
,a
s
de

te
rm

in
ed

by
H
C
2
an
d
IN
N
O
-L
iP
A
,

w
as

34
.5
%

an
d
54
.5
%
,r
e-

sp
ec
tiv
el
y,
in

sa
m
pl
es

w
ith

no
rm

al
cy
to
lo
gy
,

48
.0
%

an
d
68
.0
%
,r
e-

sp
ec
tiv
el
y,
in

sa
m
pl
es

w
ith

at
yp
ic
al
sq
ua
m
ou

s
ce
lls

of
un

de
te
rm

in
ed

si
gn

ifi
ca
nc
e,
51
.8
%

an
d

75
.2
%
,r
es
pe

ct
iv
el
y,
in

sa
m
pl
es

w
ith

lo
w
-g
ra
de

SI
L
an
d
86
.3
%

an
d
89
.8
%
,

re
sp
ec
tiv
el
y,
in

sa
m
pl
es

w
ith

hi
gh

-g
ra
de

SI
L/
at
yp
-

ic
al
sq
ua
m
ou

s
ce
lls

th
at

ca
nn

ot
ex
cl
ud

e
H
SI
L.

H
C
2
ha
s
lo
w
er

an
al
yt
ic
al

se
ns
iti
vi
ty

bu
t
hi
gh

er
sp
ec
ifi
ci
ty

th
an

IN
N
O
-

Li
PA

fo
r
di
ag
no

si
ng

hi
gh

-g
ra
de

le
si
on

s;
th
e
2

te
st
s
pr
es
en

te
d
a
co
m
-

pa
ra
bl
e
cl
in
ic
al
se
ns
iti
vi
ty
.

H
C
2
m
ig
ht

be
su
ita
bl
e

fo
r
ce
rv
ic
al
ca
nc
er

sc
re
en

in
g
in

H
IV
-1
-

in
fe
ct
ed

A
fri
ca
n
w
om

en
,

bu
t
its

us
e
in

re
so
ur
ce
-

lim
ite
d
se
tt
in
gs

m
er
its

to
be

fu
rt
he

r
ev
al
ua
te
d
in

co
m
pa
ris
on

w
ith

ot
he

r
pr
ev
en

tio
n
st
ra
te
gi
es
.

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 12 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

Se
ns
iti
vi
ty
,s
pe

ci
fic
ity

an
d

po
si
tiv
e
an
d
ne

ga
tiv
e

pr
ed

ic
tiv
e
va
lu
es

fo
r
th
e

di
ag
no

si
s
of

hi
st
ol
og

ic
al

hi
gh

-g
ra
de

le
si
on

s
(C
IN
2

+
)
w
er
e
88
.8
%
,5
5.
2%

,
24
.7
%

an
d
96
.7
%
,a
nd

92
.5
%
,3
5.
1%

,1
9.
1%

an
d

96
.6
%

fo
r
H
C
2
an
d
IN
N
O
-

Li
PA

,r
es
pe

ct
iv
el
y

N
go

u
et

al
.,

20
13

To
co
m
pa
re

ca
re
H
PV

an
d
hy
br
id

ca
pt
ur
e
2

as
sa
ys

fo
r
de

te
ct
io
n
of

hi
gh

-r
is
k
hu

m
an

pa
pi
llo
-

m
av
iru

s
D
N
A
in

ce
rv
ic
al

sa
m
pl
es

fro
m

H
IV
-1
-

in
fe
ct
ed

A
fri
ca
n
w
om

en

14
9
H
IV
-1
-in

fe
ct
ed

A
fri
ca
n
w
om

en
(7
5

in
Jo
ha
nn

es
bu

rg
,

So
ut
h
A
fri
ca

an
d
74

in
O
ua
ga
do

ug
ou

,
Bu

rk
in
a
Fa
so
);
25
–

50
ye
ar
s

Bu
rk
in
a

Fa
so

an
d

So
ut
h

A
fri
ca

ca
re
H
PV

an
d

H
C
2

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

A
gr
ee
m
en

t
in

de
te
ct
in
g
H
R-
H
PV

be
-

tw
ee
n
ca
re
H
PV

an
d

H
C
2

Th
e
H
R-
H
PV

D
N
A
de

te
c-

tio
n
ra
te
s
w
er
e
37
.6
%

an
d
34
.9
%

fo
r
ca
re
H
PV

an
d
H
C
2,
re
sp
ec
tiv
el
y.

A
gr
ee
m
en

t
be

tw
ee
n
th
e

tw
o
te
st
s
w
as

94
.6
%

(9
5%

co
nf
id
en

ce
in
te
rv
al

[C
I],
89
.7
to

97
.7
%
)
w
ith

a
ka
pp

a
va
lu
e
of

0.
88

(9
5%

C
I,
0.
81

to
0.
96
),
in
di
ca
t-

in
g
an

ex
ce
lle
nt

ag
re
em

en
t.

ca
re
H
PV

m
ay

be
co
ns
id
er
ed

as
su
ita
bl
e
as

H
C
2
fo
r
ce
rv
ic
al
ca
nc
er

sc
re
en

in
g
am

on
gs
t
H
IV
-

in
fe
ct
ed

A
fri
ca
n
w
om

en
.

M
od

er
at
e

O
bi
ri-
Ye
bo

ah
et

al
.,
20
17

To
co
m
pa
re

th
e

pe
rfo

rm
an
ce

of
ca
re
H
PV

w
ith

H
PV

ge
no

ty
pi
ng

fo
r

th
e
de

te
ct
io
n
of

cy
to
lo
gi
ca
lc
er
vi
ca
l

sq
ua
m
ou

s
in
tr
ae
pi
th
el
ia
l

le
si
on

s
(S
IL
)

17
5
w
om

en
(9
4

H
IV
-1
-s
er
op

os
iti
ve

an
d
81

H
IV
-

se
ro
ne

ga
tiv
e

w
om

en
);
≥
18

ye
ar
s

G
ha
na

H
PV

G
en

ot
yp
in
g

vs
.c
ar
eH

PV

O
bs
er
va
tio

na
l

st
ud

y
w
ith

a
co
nt
ro
lg

ro
up

A
gr
ee
m
en

t
in

de
te
ct
in
g
H
R-
H
PV

be
-

tw
ee
n
ca
re
H
PV

an
d

H
PV

ge
no

ty
pi
ng

Th
e
in
te
r-
as
sa
y
co
nc
or
d-

an
ce

w
as

94
.3
%

(9
5%

C
I

89
.7
–9
7.
2%

,k
ap
pa

=
0.
88
),
si
m
ila
r
by

H
IV

se
r-

os
ta
tu
s.
Th
e
ca
re
H
PV

as
sa
y
w
as

eq
ua
lly

se
ns
i-

tiv
e
am

on
gs
t
H
IV
-1
-

se
ro
po

si
tiv
e
an
d
H
IV
-1
-

se
ro
ne

ga
tiv
e
w
om

en
(9
7.
3%

vs
.9
5.
7%

,p
=

0.
50
)
an
d
sl
ig
ht
ly
m
or
e

sp
ec
ifi
c
am

on
gs
t
H
IV
-

se
ro
ne

ga
tiv
e
w
om

en
(8
5.
0%

vs
.9
3.
1%

,p
=

0.
10
).
ca
re
H
PV

ha
d
go

od
se
ns
iti
vi
ty

(8
7.
5%

)
bu

t
lo
w

sp
ec
ifi
ci
ty

(5
2.
1%

)
fo
r

th
e
de

te
ct
io
n
of

lo
w

SI
L

or
gr
ea
te
r
le
si
on

s,
bu

t
its

pe
rfo

rm
an
ce

w
as

su
pe

r-
io
r
to

ge
no

ty
pi
ng

(8
7.
5

an
d
38
.8
%
,r
es
pe

ct
iv
el
y)
.

Re
pr
od

uc
ib
ili
ty

of
ca
r-

eH
PV
,t
es
te
d
on

97
sa
m
-

pl
es

by
th
e
sa
m
e

in
di
vi
du

al
,w

as
82
.5
%

Th
e
pe

rfo
rm

an
ce

ch
ar
ac
te
ris
tic
s
of

ca
re
H
PV

co
m
pa
re
d
to

ge
no

ty
pi
ng

su
gg

es
t
th
at

th
is
si
m
pl
er

an
d
ch
ea
pe

r
H
PV

de
te
ct
io
n
as
sa
y
co
ul
d

of
fe
r
a
su
ita
bl
e

al
te
rn
at
iv
e
fo
r
H
PV

sc
re
en

in
g
in

G
ha
na
.

H
ig
h

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 13 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

(9
5%

C
I7
3.
4–
89
.4
%
).

O
bi
ri-
Ye
bo

ah
et

al
.,
20
17

To
de

te
rm

in
e
th
e

ac
ce
pt
ab
ili
ty
,f
ea
si
bi
lit
y

an
d
pe

rfo
rm

an
ce

of
al
te
rn
at
iv
e
se
lf-
co
lle
ct
ed

va
gi
na
ls
am

pl
es

fo
r
H
PV

de
te
ct
io
n
us
in
g
ca
re
H
PV

am
on

gs
t
G
ha
na
ia
n

w
om

en

19
4
w
om

en
(9
7

H
IV
-p
os
iti
ve
);
≥
18

ye
ar
s

G
ha
na

Se
lf-
co
lle
ct
ed

va
gi
na
l

sa
m
pl
es

w
ith

ca
re

H
PV

O
bs
er
va
tio

na
l

st
ud

y
w
ith

a
co
nt
ro
lg

ro
up

Pe
rfo

rm
an
ce

of
se
lf-

co
lle
ct
ed

ce
rv
ic
o-

va
gi
na
ls
am

pl
es

co
m
-

pa
re
d
to

cl
in
ic
ia
n-

co
lle
ct
ed

sa
m
pl
es

O
ve
ra
ll
H
PV

de
te
ct
io
n

co
nc
or
da
nc
e
w
as

94
.2
%

(9
5%

C
I8
9.
9–
97
.1
),
ka
pp

a
va
lu
e
of

0.
88

(p
<
0.
00
01
),

sh
ow

in
g
ex
ce
lle
nt

ag
re
em

en
t.
Th
is

ag
re
em

en
t
w
as

si
m
ila
r

be
tw

ee
n
H
IV
-p
os
iti
ve

(9
3.
8%

)
an
d
H
IV
-n
eg

at
iv
e

(9
4.
7%

)
w
om

en
.S
en

si
tiv
-

ity
an
d
sp
ec
ifi
ci
ty

of
SC

co
m
pa
re
d
to

C
C
w
er
e

92
.6
%

(9
5%

C
I8
5.
3–
97
.0
)

an
d
95
.9
%

(9
5%

C
I8
9.
8–

98
.8
),
re
sp
ec
tiv
el
y.
Th
e

hi
gh

es
t
se
ns
iti
vi
ty

w
as

am
on

gs
t
H
IV
-p
os
iti
ve

w
om

en
(9
5.
7%

,9
5%

C
I

88
.0
–9
9.
1)

an
d
hi
gh

es
t

sp
ec
ifi
ci
ty

am
on

gs
t
H
IV
-

ne
ga
tiv
e
w
om

en
(9
8.
6%

,
95
%

C
I9
2.
4–
10
0)
.O

ve
ra
ll,

76
.3
%

of
w
om

en
fo
un

d
SC

ve
ry

ea
sy
/e
as
y
to

ob
-

ta
in
,5
7.
7%

pr
ef
er
re
d
SC

to
C
C
an
d
61
.9
%

fe
lt
SC

w
ou

ld
in
cr
ea
se

th
ei
r
lik
e-

lih
oo

d
to

ac
ce
ss

ce
rv
ic
al

ca
nc
er

sc
re
en

in
g.

Th
e
fe
as
ib
ili
ty
,

ac
ce
pt
ab
ili
ty

an
d

pe
rfo

rm
an
ce

of
SC

us
in
g

ca
re
H
PV

su
pp

or
t
th
e
us
e

of
th
is
al
te
rn
at
iv
e
fo
rm

of
H
PV

sc
re
en

in
g
am

on
gs
t

G
ha
na
ia
n
w
om

en
.T
hi
s

co
ul
d
be

a
po

te
nt
ia
ln

ew
af
fo
rd
ab
le
st
ra
te
gy

to
im

pr
ov
e
up

ta
ke

of
th
e

na
tio

na
lc
er
vi
ca
lc
an
ce
r

sc
re
en

in
g
pr
og

ra
m
m
e.

M
od

er
at
e

Sa
ha
sr
ab
ud

dh
e

et
al
.,
20
12

To
rig

or
ou

sl
y
ev
al
ua
te

th
e
cl
in
ic
al
ac
cu
ra
cy

of
VI
A
an
d
cy
to
lo
gy

am
on

gs
t
H
IV
-in

fe
ct
ed

w
om

en
in

Pu
ne

,I
nd

ia

30
3
no

n-
pr
eg

na
nt

H
IV
-in

fe
ct
ed

w
om

en
;2
5–
40

ye
ar
s

In
di
a

VI
A
Pa
p

sm
ea
r

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Se
ns
iti
vi
ty
,s
pe

ci
fic
ity
,

PP
V
an
d
N
PV

fo
r
VI
A

an
d
cy
to
lo
gy

A
t
C
IN
2+

di
se
as
e

th
re
sh
ol
d,

th
e
se
ns
iti
vi
ty
,

sp
ec
ifi
ci
ty

an
d
po

si
tiv
e

an
d
ne

ga
tiv
e
pr
ed

ic
tiv
e

va
lu
e
es
tim

at
es

of
VI
A

w
er
e
80
,8
2.
6,
47
.6
an
d

95
.4
%
,r
es
pe

ct
iv
el
y,

co
m
pa
re
d
to

60
.5
,5
9.
6,

22
.4
an
d
88
.7
%

fo
r
th
e

at
yp
ic
al
sq
ua
m
ou

s
ce
lls

of
un

de
te
rm

in
ed

si
gn

ifi
ca
nc
e
or

se
ve
re

(A
SC

U
S+

)
cu
to
ff
on

cy
to
lo
gy
;6
0.
5,
64
.6
,2
4.
8

an
d
89
.4
%

fo
r
th
e
lo
w
-

gr
ad
e
sq
ua
m
ou

s
in
tr
ae
-

pi
th
el
ia
lc
el
ls
or

se
ve
re

(L
SI
L+

)
cu
to
ff
on

O
ve
ra
ll,
VI
A
pe

rfo
rm

ed
be

tt
er

th
an

cy
to
lo
gy

in
th
is
st
ud

y
w
ith

bi
ol
og

ic
al
ly
rig

or
ou

s
en

dp
oi
nt
s
an
d
w
ith

ou
t

ve
rif
ic
at
io
n
bi
as
,

su
gg

es
tin

g
th
at

VI
A
is
a

pr
ac
tic
al
an
d
us
ef
ul

al
te
rn
at
iv
e
or

ad
ju
nc
tiv
e

sc
re
en

in
g
te
st
fo
r
H
IV
-

in
fe
ct
ed

w
om

en
.

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 14 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

cy
to
lo
gy
;a
nd

20
.9
,9
6.
0,

50
.0
an
d
86
.3
%

fo
r
hi
gh

-
gr
ad
e
sq
ua
m
ou

s
in
tr
ae
-

pi
th
el
ia
ll
es
io
n
or

se
ve
re

(H
SI
L+

)
cu
to
ff
on

cy
-

to
lo
gy
.A

si
m
ila
r
pa
tt
er
n

of
re
su
lts

w
as

fo
un

d
fo
r

w
om

en
w
ith

th
e
pr
es
-

en
ce

of
ca
rc
in
og

en
ic

H
PV
-p
os
iti
ve

C
IN
2+

di
s-

ea
se
,a
s
w
el
la
s
fo
r

w
om

en
w
ith

C
D
4+

ce
ll

co
un

ts
<
20
0
an
d
<

35
0
m
uL
(−
1)
.

W
u
et

al
.,
20
16

To
m
ea
su
re

th
e

se
ns
iti
vi
ty
,s
pe

ci
fic
ity

an
d

pr
ed

ic
tiv
e
va
lu
es

of
p1

6I
N
K4
a
EL
IS
A
fo
r
C
IN
2

+

10
54

H
IV
-in

fe
ct
ed

w
om

en
;≥

23
ye
ar
s

Ke
ny
a

p1
6(
IN
K4
a)

EL
IS
A

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Se
ns
iti
vi
ty
,s
pe

ci
fic
ity

an
d
pr
ed

ic
tiv
e
va
lu
es

of
p1

6I
N
K4
a
EL
IS
A

Th
e
p1

6I
N
K4
a
cu
to
ff

va
lu
e
w
ith

th
e
hi
gh

es
t

co
m
bi
ne

d
se
ns
iti
vi
ty

(8
9.
0%

)
an
d
sp
ec
ifi
ci
ty

(2
2.
9%

)
fo
r
bi
op

sy
-

pr
ov
en

C
IN
2+

w
as

9
U
/

m
L.
Th
e
po

si
tiv
e
pr
ed

ic
t-

iv
e
va
lu
e
w
as

13
.6
%

an
d

ne
ga
tiv
e
pr
ed

ic
tiv
e
va
lu
e

w
as

93
.8
%
.O

ve
ra
ll,
th
e

p1
6I
N
K4
a
po

si
tiv
ity

w
ith

th
e
se
le
ct
ed

9
U
/m

L
cu
t-

of
f
le
ve
lw

as
82
8
(7
8.
6%

)
w
om

en
;i
n
co
m
pa
ris
on

,
bi
op

sy
-p
ro
ve
n
C
IN
2+

w
as

fo
un

d
in

on
ly
12
7

(1
2%

)w
om

en
.

p1
6(
IN
K4
a)

EL
IS
A
di
d
no

t
pe

rfo
rm

w
el
la
s
a

sc
re
en

in
g
te
st
fo
r
C
IN
2+

de
te
ct
io
n
am

on
gs
t
H
IV
-

in
fe
ct
ed

w
om

en
du

e
to

lo
w

sp
ec
ifi
ci
ty
.O

ur
st
ud

y
co
nt
rib

ut
es

to
th
e
on

-
go

in
g
se
ar
ch

fo
r
a
m
or
e

sp
ec
ifi
c
al
te
rn
at
iv
e
to

H
PV

te
st
in
g
fo
r
C
IN
2+

de
te
ct
io
n.

Lo
w

A
ki
nw

un
tw

an
et

al
.,
20
08

To
as
se
ss

th
e
co
rr
el
at
io
n

be
tw

ee
n
cy
to
lo
gy

an
d

VI
A
in

H
IV
-p
os
iti
ve

w
om

en

20
5
co
ns
en

tin
g
H
IV
-

se
ro
po

si
tiv
e

w
om

en
;1
7–
60

ye
ar
s

N
ig
er
ia

Pa
p
sm

ea
r

VI
A

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Se
ns
iti
vi
ty
,s
pe

ci
fic
ity
,

PP
V,
N
PV

an
d

di
ag
no

st
ic
ac
cu
ra
cy

of
Pa
p
sm

ea
r
an
d
VI
A

Th
e
se
ns
iti
vi
ty

of
VI
A
w
as

76
.0
%

(9
5%

C
I5
2.
0–
91
.0
),

sp
ec
ifi
ci
ty

83
.0
%

(9
5%

C
I

77
.0
–8
8.
0)

an
d
po

si
tiv
e

pr
ed

ic
tiv
e
va
lu
e
34
.0
%

(9
5%

C
I2
1.
0–
49
.0
).
Th
e

se
ns
iti
vi
ty

of
Pa
p
sm

ea
r

w
as

57
.0
%

(9
5%

C
I3
4.
0–

77
.0
),
sp
ec
ifi
ci
ty

of
95
.0
%

(9
5%

C
I9
0.
0–
97
.0
)
an
d

po
si
tiv
e
pr
ed

ic
tiv
e
va
lu
e

of
55
.0
%

(9
5%

C
I3
3.
0–

75
.0
).
D
ia
gn

os
tic

ac
cu
ra
cy

of
VI
A
is
82
.0
%

(9
5%

C
I7
6.
0–
87
.0
)
an
d

fo
r
Pa
p
sm

ea
r
is
91
.0
%

(9
5%

C
I8
6.
0–
98
.0
)

In
H
IV
-s
er
op

os
iti
ve

w
om

en
,t
he

se
ns
iti
vi
ty

of
VI
A
is
76
.0
%
,m

ak
in
g
it
a

us
ef
ul

sc
re
en

in
g
te
st
fo
r

pr
e-
in
va
si
ve

le
si
on

of
th
e

ce
rv
ix
in

lo
w

re
so
ur
ce

se
tt
in
gs

bu
t
no

t
a
di
ag
-

no
st
ic
to
ol
.

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 15 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

Fi
rn
ha
be

r
et

al
.,

20
13

To
co
m
pa
re

th
e

se
ns
iti
vi
ty

an
d
sp
ec
ifi
ci
ty

of
co
nv
en

tio
na
lP

ap
sm

ea
r
sc
re
en

in
g
to

th
at

of
H
PV

D
N
A
an
d
VI
A

te
st
in
g
fo
r
de

te
ct
io
n
of

hi
st
ol
og

ic
al
ly
co
nf
irm

ed
hi
gh

-g
ra
de

C
IN
2+

in
H
IV
-

in
fe
ct
ed

w
om

en

12
02

H
IV
-in

fe
ct
ed

w
om

en
;1
8–
65

ye
ar
s

So
ut
h

A
fri
ca

Pa
p
sm

ea
r,

VI
A
an
d
H
PV

D
N
A
te
st

us
in
g
H
C
2

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Se
ns
iti
vi
ty

an
d

sp
ec
ifi
ci
ty

of
Pa
p

sm
ea
r,
H
PV

D
N
A
te
st

an
d
VI
A

VI
A
an
d
H
PV

w
er
e

po
si
tiv
e
in

45
%

an
d
61
%

of
w
om

en
,r
es
pe

ct
iv
el
y.

Es
tim

at
ed

se
ns
iti
vi
ty
/

sp
ec
ifi
ci
ty

fo
r
H
PV
,P
ap

sm
ea
r
an
d
VI
A
fo
r
C
IN
2+

w
as

92
%
/5
1.
4%

,7
5.
8%

/
83
.4
%

an
d
65
.4
/6
8.
5%

(n
ur
se

re
ad
in
g)
,

re
sp
ec
tiv
el
y.
Se
ns
iti
vi
tie
s

w
er
e
si
m
ila
r,
an
d

sp
ec
ifi
ci
tie
s
ap
pe

ar
ed

si
gn

ifi
ca
nt
ly
lo
w
er

fo
r
th
e

H
PV

te
st
,c
yt
ol
og

y
an
d

VI
A
am

on
gs
t
w
om

en
w
ith

C
D
4
co
un

ts
≤
20
0

ce
lls
/m

m
3
as

co
m
pa
re
d

to
C
D
4
co
un

ts
>
35
0

ce
lls
/m

m
3 .

A
lth

ou
gh

H
PV

w
as

th
e

m
os
t
se
ns
iti
ve

sc
re
en

in
g

m
et
ho

d
fo
r
de

te
ct
in
g

C
IN
2+

,i
t
w
as

le
ss

sp
ec
ifi
c

th
an

co
nv
en

tio
na
l

cy
to
lo
gy

an
d
VI
A
w
ith

di
gi
ta
li
m
ag
in
g
re
vi
ew

.
Sc
re
en

in
g
pr
og

ra
m
m
es

m
ay

ne
ed

to
be

in
di
vi
du

al
is
ed

in
th
e

co
nt
ex
t
of

th
e
re
so
ur
ce
s

an
d
ca
pa
ci
ty

in
ea
ch

ar
ea
.

M
od

er
at
e

C
hi
bw

es
ha

et
al
.,
20
16
5

To
de

te
rm

in
e
th
e
cl
in
ic
al

pe
rfo

rm
an
ce

of
VI
A
,

di
gi
ta
lc
er
vi
co
gr
ap
hy

(D
C)
,X

pe
rt
H
PV

an
d

O
nc
oE
6
fo
r
ce
rv
ic
al

ca
nc
er

sc
re
en

in
g
in

an
H
IV
-in

fe
ct
ed

po
pu

la
tio

n

20
0
H
IV
-in

fe
ct
ed

w
om

en
;≥

18
ye
ar
s

Za
m
bi
a

VI
A
,D

C
,X

pe
rt

H
PV

an
d

O
nc
oE
6

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Se
ns
iti
vi
ty

an
d

sp
ec
ifi
ci
ty

of
VI
A
,D

C
,

Xp
er
t
H
PV

an
d

O
nc
oE
6

O
f
th
e
20
0
w
om

en
,1
5%

w
er
e
sc
re
en

po
si
tiv
e
by

VI
A
,2
0%

by
D
C
,4
7%

by
Xp

er
t
H
PV

an
d
6%

by
O
nc
oE
6.
U
si
ng

a
C
IN
2+

th
re
sh
ol
d,

th
e
se
ns
iti
vi
ty

an
d
sp
ec
ifi
ci
ty

of
VI
A

w
er
e
48
%

(9
5%

co
nf
id
en

ce
in
te
rv
al
[C
I]

30
–6
7%

)
an
d
92
%

(9
5%

C
I8
6–
95
%
),
re
sp
ec
tiv
el
y.

Si
m
ila
rly
,t
he

se
ns
iti
vi
ty

an
d
sp
ec
ifi
ci
ty

of
D
C

w
er
e
59
%

(9
5%

C
I4
1–

76
%
)
an
d
88
%

(9
5%

C
I

82
–9
3%

),
re
sp
ec
tiv
el
y.

Th
e
se
ns
iti
vi
ty

an
d

sp
ec
ifi
ci
ty

of
Xp

er
t
H
PV

w
er
e
88
%

(9
5%

C
I7
1–

97
%
)
an
d
60
%

(9
5%

C
I

52
–6
8%

),
re
sp
ec
tiv
el
y.

Fi
na
lly
,t
he

se
ns
iti
vi
ty

an
d

sp
ec
ifi
ci
ty

of
O
nc
oE
6

w
er
e
31
%

(9
5%

C
I1
6–

50
%
)
an
d
99
%

(9
5%

C
I

97
–1
00
%
),
re
sp
ec
tiv
el
y.

VI
A
an
d
D
C
di
sp
la
ye
d

m
od

er
at
e
se
ns
iti
vi
ty

an
d

hi
gh

sp
ec
ifi
ci
ty
.X

pe
rt

H
PV

pe
rfo

rm
ed

eq
ui
va
le
nt
ly
to

cu
rr
en

tly
ap
pr
ov
ed

H
PV

D
N
A
te
st
s,

w
ith

hi
gh

se
ns
iti
vi
ty

an
d

m
od

er
at
e
sp
ec
ifi
ci
ty
.

O
nc
oE
6
di
sp
la
ye
d

ex
ce
lle
nt

sp
ec
ifi
ci
ty

bu
t

lo
w

se
ns
iti
vi
ty
.T
he

se
re
su
lts

co
nf
irm

an
im

po
rt
an
t
ro
le
fo
r
VI
A
,

D
C
an
d
Xp

er
t
H
PV

in
sc
re
en

-a
nd

-t
re
at

ce
rv
ic
al

ca
nc
er

pr
ev
en

tio
n
in

lo
w
-
an
d
m
id
dl
e-
in
co
m
e

co
un

tr
ie
s,
su
ch

as
Za
m
bi
a

Lo
w

A
da
m
so
n
et

al
.,

20
15

To
(1
)
co
m
pa
re

th
e
te
st

po
si
tiv
ity

be
tw

ee
n
th
e

tw
o
co
lle
ct
io
n
m
et
ho

ds
,

32
5
H
IV
-in

fe
ct
ed

w
om

en
;≥

25
ye
ar
s

So
ut
h

A
fri
ca

H
rH
PV

m
es
se
ng

er
RN

A
(m

RN
A
)

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

Se
ns
iti
vi
ty

an
d

sp
ec
ifi
ci
ty

of
hr
H
PV

m
RN

A
te
st

O
ve
r
90
%

of
w
om

en
re
po

rt
ed

no
di
ffi
cu
lti
es

se
lf-
co
lle
ct
in
g
sp
ec
im

en
s,

Ta
m
po

n-
ba
se
d
se
lf-

co
lle
ct
io
n
is
ac
ce
pt
ab
le

to
w
om

en
an
d
ha
s

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 16 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

(2
)
as
se
ss

th
e
ac
cu
ra
cy

an
d
ag
re
em

en
t
of

se
lf-

co
lle
ct
ed

ta
m
po

ns
co
m
-

pa
re
d
to

cl
in
ic
ia
n-

co
lle
ct
ed

sp
ec
im

en
s
fo
r

hr
H
PV

m
RN

A
te
st
in
g
an
d

(3
)
as
se
ss

th
e
ac
ce
pt
ab
il-

ity
of

th
e
se
lf-
co
lle
ct
ed

ta
m
po

n
m
et
ho

d

te
st

gr
ou

p
an
d
82
%

w
er
e
w
ill
in
g
to

pe
rfo

rm
th
e
ta
m
po

n
co
l-

le
ct
io
n
at

ho
m
e.
Ba
se
d

on
cl
in
ic
ia
n
co
lle
ct
io
n

sp
ec
im

en
s,
th
e
pr
ev
a-

le
nc
e
of

hr
H
PV

m
RN

A
in

ou
r
st
ud

y
po

pu
la
tio

n
w
as

36
.7
%

(9
5%

C
I3
1.
4–

42
.0
%
).
Th
er
e
w
as

no
di
f-

fe
re
nc
e
in

te
st
po

si
tiv
ity

be
tw

ee
n
cl
in
ic
ia
n
co
lle
c-

tio
n,
36
.7
%
,a
nd

ta
m
po

n
co
lle
ct
io
n,
43
.5
%

(p
=

0.
08
).
U
si
ng

cl
in
ic
ia
n
co
l-

le
ct
io
n
as

th
e
re
fe
re
nc
e

te
st
,t
he

se
ns
iti
vi
ty

an
d

sp
ec
ifi
ci
ty

fo
r
hr
H
PV

m
RN

A
of

ta
m
po

n
co
lle
c-

tio
n
w
er
e
77
.4
%

(9
5%

C
I

69
.8
–8
5.
0%

)
an
d
77
.8
%

(9
5%

C
I7
1.
9–
83
.6
%
),

re
sp
ec
tiv
el
y.

si
m
ila
r
hr
H
PV

m
RN

A
po

si
tiv
ity

ra
te
s
as

cl
in
-

ic
ia
n
co
lle
ct
io
n
bu

t
ha
s

re
du

ce
d
se
ns
iti
vi
ty

an
d

sp
ec
ifi
ci
ty

co
m
pa
re
d
to

cl
in
ic
ia
n
co
lle
ct
io
n.

Se
go

nd
y
et

al
.,

20
16

To
ev
al
ua
te

th
e

pe
rfo

rm
an
ce

of
ca
re
H
PV

fo
r
de

te
ct
in
g
C
IN
2+

am
on

gs
t
w
om

en
liv
in
g

w
ith

H
IV
-1

in
Bu

rk
in
a

Fa
so

an
d
So
ut
h
A
fri
ca

10
52

H
IV
-1
-

se
ro
po

si
tiv
e

w
om

en
;2
5–
50

ye
ar
s

So
ut
h

A
fri
ca

an
d

Bu
rk
in
a

Fa
so

ca
re
H
PV

as
sa
y
IN
N
O
-

Li
PA

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

Se
ns
iti
vi
ty
,s
pe

ci
fic
ity
,

po
si
tiv
e
an
d
ne

ga
tiv
e

pr
ed

ic
tiv
e
va
lu
es

of
ca
re
H
PV

as
sa
y

O
ve
ra
ll,
45
.1
%

of
w
om

en
ha
d
a
po

si
tiv
e
ca
re
H
PV

te
st
(4
6.
5%

in
BF
,4
3.
8%

in
SA

).
Th
e
ca
re
H
PV

po
si
tiv
ity

ra
te

in
cr
ea
se
d

w
ith

th
e
gr
ad
e
of

cy
to
lo
gi
ca
ll
es
io
ns
.

Se
ns
iti
vi
ty

an
d
sp
ec
ifi
ci
ty

of
ca
re
H
PV

fo
r
th
e

di
ag
no

si
s
of

C
IN
2+

(n
=

60
,b

ot
h
co
un

tr
ie
s

co
m
bi
ne

d)
w
er
e
93
.3
%

(9
5%

co
nf
id
en

ce
in
te
rv
al

(C
I)
83
.8
–9
8.
2)

an
d
57
.9
%

(9
5%

C
I5
4.
5–
61
.2
),

re
sp
ec
tiv
el
y.
Sp
ec
ifi
ci
ty

in
cr
ea
se
d
w
ith

C
D
4

co
un

t.
ca
re
H
PV

ha
d
a

si
m
ila
r
cl
in
ic
al
se
ns
iti
vi
ty

bu
t
hi
gh

er
sp
ec
ifi
ci
ty

th
an

th
e
IN
N
O
-L
iP
A
as
sa
y

fo
r
de

te
ct
io
n
of

C
IN
2+

.

Re
su
lts

su
gg

es
t
th
at

ca
re
H
PV

te
st
in
g
is
a

re
lia
bl
e
to
ol

fo
r
ce
rv
ic
al

ca
nc
er

sc
re
en

in
g
in

H
IV
-

1-
in
fe
ct
ed

w
om

en
in

su
b-
Sa
ha
ra
n
A
fri
ca
.

M
od

er
at
e

Ba
te
m
an

et
al
.,

20
14

To
as
se
ss

th
e
cl
in
ic
al

pe
rfo

rm
an
ce

of
D
C
,a
s

w
el
la
s
cy
to
lo
gy

in
H
IV
-

in
fe
ct
ed

w
om

en

30
3
w
om

en
;2
0–
45

ye
ar
s

Za
m
bi
a

D
C
Pa
p

sm
ea
r

O
bs
er
va
tio

na
l

st
ud

y
w
ith

ou
t

a
co
nt
ro
l

gr
ou

p

C
lin
ic
al
pe

rfo
rm

an
ce

of
ea
ch

sc
re
en

in
g
te
st

to
de

te
ct

ce
rv
ic
al

le
si
on

s
on

Th
e
se
ns
iti
vi
ty

of
D
C
fo
r

id
en

tif
yi
ng

C
IN
2+

w
as

84
%

(9
5%

C
I7
2–
91
%
),

an
d
th
e
sp
ec
ifi
ci
ty

w
as

D
ig
ita
lc
er
vi
co
gr
ap
hy

ap
pe

ar
s
to

be
as

go
od

as
cy
to
lo
gy

in
H
IV
-in

fe
ct
ed

w
om

en
.

M
od

er
at
e

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 17 of 27



Ta
b
le

1
Ta
bl
e
of

ev
id
en

ce
(C
on

tin
ue
d)

Fi
rs
t
au
th
or
,

ye
ar

Pu
rp
os
e

Po
pu

la
tio

n
an
d
ag
e

C
ou

nt
ry

Pr
ev
en

tio
n

m
et
ho

d/
to
ol

St
ud

y
ty
pe

O
ut
co
m
e(
s)

Re
su
lts

A
ut
ho

rs
’c
on

cl
us
io
ns

Q
ua
lit
y

sc
or
e

hi
st
op

at
ho

lo
gy

58
%

(9
5%

C
I5
2–
64
%
)

(T
ab
le
2)
.T
he

se
ns
iti
vi
ty

es
tim

at
es

of
cy
to
lo
gy

fo
r

id
en

tif
yi
ng

C
IN
2+

w
er
e

as
fo
llo
w
s:
H
SI
L+

,6
1%

(9
5%

C
I4
8–
72
%
);
LS
IL
+
,

90
%

(9
5%

C
I8
0–
95
%
);

an
d
A
SC

-U
S+

,1
00
%

(9
5%

C
I9
4–
10
0%

).
Th
e

sp
ec
ifi
ci
ty

es
tim

at
es

of
cy
to
lo
gy

fo
r
id
en

tif
yi
ng

C
IN
2+

w
er
e
as

fo
llo
w
s:

H
SI
L+

,5
8%

(9
5%

C
I5
2–

64
%
);
LS
IL
+
,3
5%

(9
5%

C
I

29
–4
1%

);
an
d
A
SC

-U
S+

,
13
%

(9
5%

C
I1
0–
18
%
).

Th
e
PP
Vs

w
er
e
lo
w

(2
3–

33
%
)
fo
r
bo

th
te
st
s,

w
hi
ls
t
th
e
N
PV
s
w
er
e

co
rr
es
po

nd
in
gl
y
hi
gh

(8
6–
10
0%

).
A
si
m
ila
r
pa
t-

te
rn

of
re
su
lts

w
as

ob
-

se
rv
ed

at
th
e
C
IN
3+

di
ag
no

st
ic
th
re
sh
ol
d
on

hi
st
op

at
ho

lo
gy

(T
ab
le
2)
.

Mapanga et al. Systematic Reviews           (2018) 7:198 Page 18 of 27



studies; whilst in Zambia [43], there was a reported spe-
cificity of 92.0%, which was higher than in other areas.
As a diagnostic test, VIA had positive and negative pre-
dictive values of 38.6% (95% CI = 28.8–49.3%) and 79.1%
(95% CI = 67.8–87.2%), respectively [32], and this was
comparable to the reported positive predictive value of
35.2% [22].

VILI
Using the CIN2+ threshold (see Table 2), VILI has a bet-
ter sensitivity and specificity when compared to VIA,
with sensitivity ranging from 68.0 to 96% and specificity
of 71.0 to 91.0% [22, 29].

Digital cervicography
Two studies in Zambia reported different efficacy of
digital cervicography (DC) in screening for CIN2+
amongst HIV-positive women. The first study [43] re-
ported a sensitivity of 59.0% (95% CI 41.0–76.0), specifi-
city of 88.0% (82.0–93.0), positive predictive value (PPV)
of 49.0% (32.0–65.0) and negative predictive value
(NPV) of 92.0% (95% CI 87.0–96.0), whilst the second
study [37] indicated that DC had high sensitivity of
84.0% (95% CI 72.0–91.0) but low specificity of 58.0%
(95% CI 52.0–64.0), PPV of 33.0% (95% CI 26.0–41.0)
and NPV of 93.0% (95% CI 88.0–96.0).

Cytology-based tests
Sensitivity and specificity of Pap smear in detecting
CIN2+ in HIV-seropositive women have been shown to
be between 45.0 and 76.0% and 58.0 and 98.0%,

respectively [27, 30, 32, 34, 35, 37]. This clinical per-
formance of Pap smear was similar to Cellslide® auto-
mated liquid-based cytology which recorded a sensitivity
of 76.0% (95% CI 64.8–85.1) and a specificity of 91.0%
(95% CI 87.0–94.2) [33].

Tests/tools for high-risk HPV DNA detection
The sensitivity of high-risk human papillomavirus
(HR-HPV) DNA detection tests/tools such as careHPV®,
HC2® test, INNO-LiPA®, Xpert HPV® and P16INK4a® is
better when compared to cytology-based tests and visual
tests as indicated by a sensitivity of 80.0–97%. However,
the specificity of these HPV tests is similar in some cases
but mostly lower to cytology or visual tests, 51.0–78.0%
[21, 23–25, 27–30, 40, 42, 43]. Although the OncoE6®
had a specificity of 99.0% (95% CI 97.0–100), it had a
low sensitivity of between 16.0 and 50.0% [43].

Clinical performance of combined screening methods/
tests
VIA and Pap smear and VILI and Pap smear
Sequential testing of HIV-seropositive women with VIA
and Pap smear did not result in any significant changes
in sensitivity which was 50.0–72.0%, but there was a sig-
nificant change in specificity (97.0–99.5%) when com-
pared to individual VIA or Pap smear screening [27, 30].
The clinical performance of testing with both VILI and
Pap smear was almost similar to using VIA and Pap
smear, with sensitivity being 55.1% (95% CI 40.2–69.3%)
and a slightly increased specificity of 99.6% (95% CI
99.0–99.9%).

Fig. 2 Research of cervical cancer screening amongst HIV-seropositive women by country
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VIA and HPV testing and VIA/VILI and HC2®
Some findings indicated that a combination of VIA and
testing for HPV did not improve sensitivity or specificity
when compared to the use of individual tests, with sensi-
tivity of clinical performance of the combination being
58.2% (95% CI 48.8–67.0%) and specificity of 83.7% (95%
CI 79.4–87.2%) [27]. However, in India, it was reported
that the use of either VIA or VILI and HPV testing using
HC2® showed slightly better performance with a sensitiv-
ity of 85.5% (95% CI 73.3–93.5%) and specificity of
95.3% (93.9–96.5%) [30].

VIA and VILI
The use of a combination of VIA and VILI in detecting
CIN2+ in HIV-seropositive women resulted in an in-
creased clinical performance with a sensitivity of 81.8%
(95% CI 69.1–90.9%) and specificity of 93.2% (95% CI
91.5–94.6%) [30]. These results indicate that a combined
use of both VIA and VILI can counter false-positive re-
sults that are prone when both are used as sole methods
[38].

Screen-and-treat method
In a follow-up of 36 months, screen-and-treat using
HPV DNA testing and cryotherapy significantly reduced
CIN2+ in HIV-positive women, with a relative risk of
0.20 (95% CI 0.06–0.69). Screen-and-treat using HPV
DNA testing and cryotherapy had better positive out-
comes when compared to screen-and-treat using VIA
and cryotherapy [21]. In Uganda, the findings indicated
that using VIA and cryotherapy alone has the potential
of resulting in overtreatment of patients because of high
false-positive rates [38]. To reduce these high
false-positive complications, a see-see and treat method
using VIA, colposcopy and cryotherapy was seen to be
effective as it reduced overtreatment by 72% (439/625)
[38].

Quality assessment of included studies
Overall, most of the studies (n = 16, 64.0%) were deter-
mined to be of moderate quality, that is, a score of 3
‘yes’ out of 5 on the quality scale. Only four studies
(16.0%) were considered ‘high’ quality, that is, a score of
4 ‘yes’ out of 5. Five studies (20.0%) were considered to
be of low quality and had a score of 2 ‘yes’ or below out
of 5.
Only five studies (20.0%) had control groups, and this

made it difficult to confidently ascertain if the reported
findings were due to the screening method or it was by
chance. Most of the studies did not evaluate the value of
the screening modalities since they did not follow up the
screened individuals to fully assess their effectiveness or
account for disease regression or progression. Although
a few studies followed up the screened HIV-positive

women, the follow-up period was not adequate to meas-
ure the effectiveness of the screening methods or offer
reasons for lost to follow-up of those who were due for
their second screening procedure. Some of the studies
did not measure confounders or include them in their
analyses, with a few mentioning confounders and their
expected influence on the results.
There were limited study design and methodology de-

scription in some articles, and these made it difficult to
gauge if the reported findings were from an evaluative
programme instead of a rigorous research. There was no
mention of how participants were randomised or if ran-
domisation was conducted in some of the studies that
had a control group, and this made it difficult to attri-
bute the reported results to the evaluated screening
methods. In studies that evaluated a number of screen-
ing methods, there is a likelihood that some might have
overestimated the sensitivity and specificity of the
screening methods because in their analyses, they failed
to calculate a dichotomous result to cater for those with
negative screening results from other methods.

Discussion
The high-risk rate that HIV-seropositive women have to-
wards developing cervical cancer renders the lack of spe-
cific evidence on which cervical cancer screening
method is suitable and effective for them, a public health
challenge. This review attempts to offer evidence on
which cervical cancer screening approach or method is
‘better’ for HIV-seropositive women in developing coun-
tries and offer policymakers and health leadership a base
to formulate solid screening guidelines.
This review has shown that there is not yet a standard

screening method/tool for cervical cancer screening
amongst HIV-seropositive women because each method
has its benefits and risks that require to be considered
when using it. However, this risk-benefit scale is usually
considered secondary in developing countries because
the availability of a screening method, whether effective
or not, is important. In addition, this review has shown
that there is no better screening method that fits the
healthcare system of every developing country because
priorities, resources and implementation of guidelines
are different. Since all the cervical cancer screening
methods being used for HIV-positive women are the
same for HIV-negative women, careful analysis of each
method’s risks and benefits is required to help decisions
on which method to use in the meantime as further re-
search is conducted to find the ‘best’ screening method.
Due to the challenges in establishing Pap smear as a

national screening programme as has been done in de-
veloped countries, the use of VIA as the screening
method of choice amongst both HIV-positive and
HIV-negative women has increased significantly in
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developing countries [14, 45]. In as much as VIA is be-
ing used more often because of its easy applicability even
by nurses, evidence have shown that the use of VILI can
increase the efficacy and accuracy amongst HIV-positive
women [20, 30]. The performance of VIA was reported
to be much better in HIV-negative than HIV-positive
women [25], and there are more high false-positive rates
amongst HIV-positive women [34, 38]. These findings
might indicate that sequential screening using both VIA
and VILI may be beneficial amongst HIV-seropositive
women (see proposed opportunities in Fig. 3). The se-
quential use of VIA and VILI has indicated a better clin-
ical performance and risk-benefit balance when
compared to their use individually [20], and this might
be a combination method that developing countries can
use for HIV-seropositive women. However, VILI’s use in
developing countries is not at the same scale as that of
VIA because of the cost issues associated with iodine
when compared to acetic acid. In addition, lessons learnt
from Ethiopia indicated that implementation of
visual-based screening methods amongst
HIV-seropositive women requires provider initiation as a
complimenting element [46].
As the implementation of VIA and VILI continue to

grow in developing countries, the risks of misdiagnosing
associated with visual inspection methods (VIA and
VILI) should be carefully monitored amongst
HIV-seropositive to prevent subjecting these women to
unnecessary treatment as well as waste resources. This is
supported by synthesised evidence from a review of the
visual inspection methods [45]. Therefore, developing
countries may be better off using VIA and VILI as
screening tools not as diagnostic tests. In addition, the
see-see-and treat combination using VIA or VILI
coupled with colposcopy and treating with cryotherapy
has the potential of significantly reducing false positives
and preventing overtreating in clients who will not need
cryotherapy [38].
Detecting of HR-HPV has been shown to be an effect-

ive secondary screening method for cervical cancer
amongst HIV-seropositive, with almost all the HPV tests
indicating better clinical performance when compared to
cytology-based and visual-based tests [23–25, 27, 28, 30,
36, 39, 40]. With long-term persistent infection with
HPV almost always associated with the development of
cervical cancer [47–50], emerging evidence suggest HPV
testing as a better way as compared to cytology-based or
visual screening methods [51]. A sequential screening of
cervical cancer using VIA or VILI and HPV testing
maybe ideal in developing countries as this will reduce
the number of false-positive results [30] and hence
might limit the resources and prevent subjecting women
to unnecessary treatments (see Fig. 3). This combination
of VIA or VILI and HPV testing has the potential to

offer a better benefit-risk balance when compared to
other available screening methods currently being used
for HIV-seropositive women. However, for developing
countries to implement such change, resources, guide-
lines and policies (which are context-specific) will need
to be made available in line with emerging scientific evi-
dence. In addition, the safety interpretation of results of
HPV tests requires trained professional to limit overesti-
mation of precancerous lesions in HIV-seropositive
women, which may result in unnecessarily subjecting
women to treatment that they do not need as well as
waste the limited resources. Therefore, this requires
training of healthcare workers when implementing HPV
testing.
With improved knowledge and understanding of cer-

vical cancer and HPV, several studies [52–57] have indi-
cated the immunogenicity and safety of the currently
used HPV vaccine amongst young and middle-aged
HIV-seropositive women. There is scanty data on imple-
mentation of the HPV vaccination, its efficacy and up-
take amongst HIV-positive women as the available
evidence focuses on the safety and immunogenicity [52–
58]. However, guidelines by the Centers for Disease Con-
trol and Prevention and HIV Medicine Association of
Infectious Diseases Society of America recommend HPV
vaccination amongst young HIV-seropositive women
aged 13 to 26 years [59]. Most developing countries have
embarked on mass HPV vaccination of young girls, and
opportunities for effective and sustainable implementa-
tion of the vaccine amongst HIV-positive young girls
exist and should be utilised. As the implementation of
the mass HPV vaccination intensifies in developing
countries, opportunities to increase the age of recipients
to include middle-aged HIV-seropositive women should
be explored and initiated as suggested in Fig. 3.

Analytic frameworks for decision-making in screening
For developing countries, questions on how to imple-
ment and sustain cervical cancer screening in light of
limited resources (human and financial), inadequate in-
frastructure and lack of screening programmes still exist.
The questions continue to have an impact on
decision-making towards screening and even prioritisa-
tion of HIV-seropositive women. In as much as this re-
view has generated synthesised evidence on cervical
cancer screening of HIV-seropositive women, utilisation
and implementation of some of this evidence will be
context-specific. A number of analytic frameworks for
decision-making in cervical cancer screening exist [60–
63], and these frameworks may help developing coun-
tries in identifying cost-effective strategies towards
screening of HIV-seropositive women. These analytic
frameworks can assist countries to make decisions after
considering the provided evidence, epidemiological
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factors, political and economic factors and issues around
equity and costumers’ preferences [64]. Such a transpar-
ent and systematic way of making decisions has been
shown to have a positive impact on screening [61, 63].

Limitations
The overall quality of evidence of the included studies,
which was ‘moderate’, made it difficult to draw emphatic
conclusions on which screening method/tool is effective
on HIV-seropositive women and which one is suitable
for low-income countries. The validity of the results was
decreased by the risk of bias associated with the study
designs, completeness of data and lack of explanations
on the statistical analyses conducted. Lastly, by limiting
the searching to studies reported in English, this review
might have missed some relevant studies published in
other languages.

Conclusion
HIV-seropositive women are a high-risk group for devel-
oping cancer [5, 7], and identifying the ideal cervical
cancer screening method for them will go a long way in
reducing premature mortality amongst them. Findings of
this review indicate a need for further research, mostly
randomised controlled trials, that allows adequate
follow-up of screened HIV-seropositive women and

provide evidence on which screening method is best to
use, taking into account age, one visit vs. return visit
schemes, primary screening then triage, opportunistic vs.
organised screening, CD4+ counts, antiretroviral therapy
and quality of life.
Sequential screening using HPV test and VIA or VILI

has the potential to offer a better catch of at-risk
HIV-positive women [30] when compared to the other
available screening methods, and this can be a solid
foundation that developing countries can start to formu-
late their cervical cancer screening guidelines for
HIV-seropositive women. However, as indicated before,
there is a need for further research that will provide evi-
dence on the best way of using this combination since it
was reported that such sequential screening did not im-
prove sensitivity or specificity [27].
Secondly, with the introduction of mass HPV vaccin-

ation amongst school-going young girls, there exist po-
tential opportunities to offer the vaccine to middle-aged
HIV-seropositive women in developing countries within
well-established HIV programmes. With HPV vaccine
offering more than 12months protection in
HIV-seropositive women [15], this might be a
cost-effective and simple method to offer cervical cancer
prevention amongst these women. In addition, HPV vac-
cination will offer a solution to the lack of adequate

Fig. 3 Proposed opportunities for prevention of cervical cancer in HIV-seropositive women. **Treatment with cryotherapy or LEEP should be
offered after the results are verified by qualified personnel to limit subjecting these patients to unnecessary treatments. HPV, human
papillomavirus; VIA, visual inspection with acetic acid; VILI, visual inspection with Lugol’s iodine; LEEP, loop electrosurgical excision procedure
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suitable infrastructure and trained professionals that has
hampered Pap smear screening in developing countries.
Developing countries should strive to offer both op-

portunistic and organised coordinated screening pro-
grammes in the form of provider initiated. Furthermore,
there is a need to expand the integration of
provider-initiated cervical cancer screening services in
already existing HIV services so as to enable early detec-
tion and treatment and offer a ‘one-stop’ shop. Develop-
ing countries can think of individualising cervical cancer
screening depending on their available resources and
context to cater for the benefit/risk of different screen-
ing methods and the general health status of the
HIV-seropositive women. This is in light with the pro-
posed see-see and treat method where the potential of
high false positives and over treating can be reduced sig-
nificantly [38].

Implications of the review’s results in evidence-based
health care
Based on the proposed opportunities for prevention of
cervical cancer in HIV-seropositive women (see Fig. 3), a
number of key messages around the reliability of the
found evidence are beginning to emerge.
There is no best available cervical cancer screening

method/tool for HIV-seropositive women, and the
current presented evidence can be effective in certain
contexts but not all. Future research can explore the
feasibility, appropriateness, meaningfulness and
cost-effectiveness of HPV vaccine; use of the see-see and
treat using VIA/VILI, colposcopy and cryotherapy; and
sequential screening using VIA/VILI and or HPV testing
in HIV-burdened countries. Whatever method is to be
used, the invention of a systematic screening approach,
which could be helpful, should be investigated and based
on cervical cancer analytic frameworks to allow trans-
parent and systematic decision-making [61, 64].
Clients or patients should at least have an option to

decide on which screening method they would prefer
based on the risk-benefit balance, and this should be
guided by professional judgement of healthcare staff.
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