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Abstract

Background

This review aimed to synthesize and analyze the diagnostic accuracy and the likelihood of

providing correct treatment of the syndromic approach Vaginal Discharge Flowchart in

managing cervical infections caused by Neisseria gonorrhoeae (NG) and Chlamydia tra-

chomatis (CT), and vaginal infections caused by Trichomonas vaginalis (TV) and Bacterial

vaginosis (BV) and Candida albicans. This review will inform updating the WHO 2003

guidelines on Vaginal Discharge syndromic case management.

Methods

A systematic review was conducted on published studies from 01-01-2000 to 30-03-2015

in multiple databases. Studies evaluating the diagnostic accuracy and validation of the

WHO Vaginal Discharge Flowchart were included. Validation parameters including sensi-

tivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) and

the 95% confidence intervals for the different types of the flowchart were taken as out-

comes, re-calculated, and analysed using a fixed model meta-analysis for data pooling.

The level of agreement between the index and reference test were determined by the

Cohen’s Kappa co-efficiency test. Each individual study was assessed on quality using the

QUADAS-2 tool.

Findings

The search yielded 2,845 studies of which 16 met the eligibility criteria for final analysis.

The diagnostic performance to identify cervical infections was low and resulted in a high

proportion of over and missed treatment. The four flowcharts had a sensitivity between

27.37% in history and risk assessment and 90.13% with microscopy, with the inverse in
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specificity rates. The treatment performances between the flowcharts were inconsistent.

The same applies to the use of vaginal discharge flowchart for treating vaginal infections.

For vaginal infections the vaginal discharge flowchart had a good performance in flowchart

3 with 91.68% of sensitivity; 99.97% specificity; 99.93% PPV and 0.02% who missed their

treatment and 8.32% of women who were over treated by the vaginal discharge flowchart

Conclusion

The vaginal discharge flowchart should focus on management of vaginal infection. It could

be used as an intermediate approach for cervical infections for sex workers until a point of

care test is available in resource poor settings.

Background

Sexually Transmitted Infection (STI) case management is one of the top priorities in control-
ling STIs to break the chain of infection and transmission [1]. From 1984 to 1991 theWorld
Health Organization (WHO) published the simplified (syndromic) approach based on field
experience from countries such as Kenya, Swaziland and Zimbabwe [2]. Since then, based on
available evidence, theWHO has updated the guidelines on syndromic case management [3,
4].

Syndromic case management provides a standardized evidence-basedapproach using clini-
cal management algorithms, and flowcharts that can be used consistently across providers, so
that primary healthcare providers in resource-poor settings may deliver appropriate and effec-
tive STI treatment. The treatment is based on the identification of consistent groups of symp-
toms and easily recognized signs (syndromes), risk assessment, and risk scoring [5, 6].
Syndromic management is widely utilized. In most resource poor settings these flowcharts are
still the standard of care. Out of 109 countries with national STI treatment guidelines, 83 have
adopted the STI syndromic case management approach [7]. In high and middle income coun-
tries results of laboratory tests for STI take some days to get back to the clinic, so even in these
situations immediate treatment of symptomatic patients follows syndromic management
guidelines.

Vaginal discharge is a common genital tract symptom among women. Studies have shown
that of women seeking care in the primary and secondary health care setting, 11% to 38.4% in
India, and 34% in Ethiopia were availing care for vaginal discharge[8–12]. Vaginal discharge
may be a normal physiologic occurrence or a pathologicalmanifestation. It is often challenging
to distinguish abnormal from normal discharge, both from the patient’s and the health care
provider’s perspective.Moreover, normal physiologic variations occur due to biological or hor-
monal changes [13, 14]. In India the symptom of vaginal discharge was also associated with
psychosocial factors of non-infectious etiology [15]. A pathological vaginal discharge may be of
vaginal or cervical origin. Discharge of vaginal originmay be associated with Bacterial vagino-
sis (BV), and infectionwith Candida spp. and Trichomonas vaginalis (TV). Discharge of cervi-
cal origin is usually due to infectionwith Neisseria gonorrhoeae (NG), Chlamydia trachomatis
(CT), and Mycoplasma genitalium (MG); primary genital herpes simplex cervicitis can also
manifest as vaginal discharge. Most cervical STIs do not cause any symptoms and syndromic
management will not be able to identify or treat these infections unless the clinical manage-
ment algorithm includes treatment for such infections. In order to detect specific pathogens
causing cervicitis laboratory testing is necessary to identify the organisms involved.
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The vaginal discharge flowchart leads to three treatment outcomes: no medical treatment;
treatment for only vaginal infections caused by TV, BV and/or Candida spp. or treatment for
vaginal, and cervical infections caused by NG and/or CT [3, 4]. In the majority of settings,
abnormal vaginal discharge is highly indicative of a vaginal infection, thus all women present-
ing with vaginal discharge receive treatment for TV, BV and Candida spp. [4].

A series of evaluations of the syndromic management flowcharts was commissioned by the
WHO and UNAIDS in the 1990s, and the results were published as a supplement in STIs in
1998. Of the 16 study sites, ten were in Africa. The main conclusions from these studies were
that the flowcharts for urethral discharge and genital ulcer are reasonably sensitive and specific,
whereas the flowchart for vaginal discharge is neither sensitive nor specific [16].

A review by Pettifor et al (2000) revealed that studies evaluating algorithms for vaginal dis-
charge from 1993 to 1998 had sensitivities ranging from 73% to 93% among women presenting
with symptoms of vaginal discharge and from 29% to 86% in women without symptoms [17].
The review also found that vaginal discharge is a poor indicator for cervical infection. It was
recommended that risk assessment or risk scores can improve the efficacy for detectingNG
and/or CT [3, 4]. Reviews of studies in 1990 suggest the potential for risk assessment to
improve the sensitivity and reduce the cost per case treated compared with the pure symptom-
based approach[17–20]. Another review published in 2000, by Sloan et al (2000), on the utility
of syndromic approaches to screen for NG and/or CT in women showed that aggregated data
of risk factors, risk scores, simple laboratory diagnosis and algorithms combining risk factors
and speculum examinations are not effective approaches to identify or manage these condi-
tions [21]. It should be noted that the majority of the earlier studies utilized cultures and
Enzyme linked immunoassay (EIA) as gold-standard tests for NG and CT infections, which
could have resulted in an underestimation of the diagnostic accuracy of the flowcharts. It was
in 1998, when the more reliable PCR test was utilized as a gold standard test. All of these stud-
ies call for the need for point of care (POC) test to diagnoseNG and CT. Progress has been
made in the development of POC test for NG and CT, and it is a matter of time when these
tests will be accessible widely and available in low and middle income countries. In the mean-
time the majority of countries continue to rely on syndromic case management.

This systematic review examines studies from 2001 onwards to ascertain information on the
diagnostic accuracy and the likelihood of providing correct treatment (treatment performance)
of the vaginal discharge flowchart in managing cervical infections caused by NG and CT and
vaginal infections caused by TV and BV. Candidiasis will be excluded for analysis since it is not
considered a STI and a part of the resident flora. This reviewwill inform updating theWHO
2003 guidelines on Vaginal Discharge syndromic case management.

Methods

Electronic search and study selection

This study is set up based upon the PRISMA guidelines, see S1 Checklist.We searched the liter-
ature using the PRISMA guidelines for relevant articles using search terms such as “vaginal dis-
charge” and “flowchart” throughout: PubMed; Cochrane Library; EMBASE; Global Health
Library; and POPLINE from January 1, 2001, to March 30, 2015. The detailed search strategy is
shown in Appendix 1. The review only included studies published from January, 2001 onwards
as theWHO syndromic management guidelines were developed in 2001.

Studies that evaluated the diagnostic accuracy and validation of theWHO vaginal discharge
flowchart compared to any laboratory diagnostic test and were methodologically sound were
included. Studies that did not distinguish between cervical infection (NG and CT) and vaginal
infections (TV and BV) were not included in the final review. Studies that presented data on
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sensitivity, specificity, positive predictive values (PPV), negative predictive value (NPV) or that
provided data from which these parameters could be calculated using two by two tables were
included.We excluded studies published in languages other than English, French, Spanish and
Dutch. Case reports and letter to editor were excluded. The search hits were entered in End-
Note Web. T.W. and C.Z. assessed the studies for relevance, title, abstract, and content and
applied the inclusion criteria to the full text articles. In case of disagreement between the
reviewers, a discussion followed in order to reach consensus, otherwise a third independent
person was consulted.

Data extraction and management

For each included study we used a standardized form to extract the data on: author, year of
publication, study design, sample size, study population, characteristics of participants, STI
prevalence rates, type of flowchart used, laboratory diagnostic tests used, sensitivity and speci-
ficity rates. Additional information on the limitations of the study, risk assessments of the flow-
charts and risk of bias are ascertained to evaluate results and for discussion.

Reference and index tests

All flowcharts (the index tests) had an entry point of women complaining of vaginal discharge
followed by history taking including risk assessment to verify the presence of vaginal discharge.
Flowcharts were categorized based on the following: Flowchart 1 = history and risk assessment;
Flowchart 2 = history, risk assessment and speculum examination; Flowchart 3 = history, risk
assessment, speculum examination, and vaginal discharge samples for Gram staining and
microscopy; Flowchart 4 = country adapted flowcharts or those not defined by the study
method. The majority of the country adapted flowcharts had risk factors that were specific for
individual country context.

We defined persons with the actual conditions to be positive for the gold standard tests (ref-
erence test) defined as: nucleic acid amplification test (NAATs) for CT, NG, and TV; culture
for NG and TV; and Nugent or Amsel Criteria (clue cells+, vaginal pH whiff test and presence
of homogenous discharge) for BV [13,22, 23]. We did not include Candida spp. as one of the
infection causing vaginal discharge, since the common symptom of candidiasis is vulvo-vaginal
itchiness rather than vaginal discharge [21].

Diagnostic accuracy

Data on the diagnostic accuracywhich included: sensitivity, specificity, PPV and NPV was
taken directly from the source paper or calculated from the data provided by using two by two
tables. The diagnostic accuracy of the different flowcharts to identify persons with cervical
infections: NG and CT and the vaginal infections: TV and BV are shown in Table 1. These
results, in turn, were used to calculate the proportion of women that were provided with cor-
rect treatment, missed treatment and overtreatment. We estimated correct treatment rate as
the proportion of patients correctly identified as requiring treatment or not; over treatment
rate as proportion of non-infected patients who received treatment; and missed treatment rate
as the proportion of infected patients who did not receive treatment.

Statistical analysis

We conducted a meta-analysis by fixed effectmodel with pooling of samples from all studies
within different types of flowcharts.We calculated the pooled sensitivity, specificity, PPV and
NPV and the 95% confidence intervals for the different type of the flowcharts using the
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WINPEPI version 11.50 (August 2015). If the study had presented the results separately for
NG, CT, TV and BV, the study with the higher PPV was included in the meta-analyses so as
not to over represent any study.

The Cohen’s Kappa co-efficiency test, using the Landis & Koch (1977) cut-off points for
kappa values, were applied to determine the level of agreement of the flowchart with the gold
standard laboratory diagnostic test were used.We considered a flowchart to be useful when κ =
> 0.21, and preferred values closer to 1 which indicates perfect agreement with laboratory
diagnostics.

Quality assessment

We assessed the risk of bias of the different studies using the QUADAS-2 assessment tool [22].
We graded as high, low and unclear the risk of bias in terms of patient selection, index test, ref-
erence standard and timing and the applicability concerns in terms of patient selection, index
test and reference standard.

Results

Study selection

The search strategy has resulted in 2,845 studies, of these 183 were duplicates and 2,407 were
irrelevant. Irrelevant studies were those that did not fit the subject of our research, e.g. vaginal
discharge in animals or flowcharts for medication prescriptions. A further 239 studies were not
available in full text and could not be provided by the library nor by contacting the authors.
This may be a potential for publication bias and should be taken into account. Sixteen studies
were selected in the final review [23–39]. These studies distinguished between cervical infec-
tions due to NG and CT and vaginal infection due to TV and BV during their research and
analysis. See Fig 1 PRISMA flowchart for the study selection.

Study characteristics

Fifteen studies are cross-sectional studies and one study is case control. A total of 10,538
women participated in the studies. Their mean age was 27 years (range 14 to 67 years). For cer-
vical infection 4,200 women were analyzed; 4,040 for vaginal infections and 3,556 for both
infections. Studies took place in Africa (N = 6), South America (N = 6), Asia (N = 2), Europe
(N = 2). Eight studies were conducted among general population women, five among pregnant
women, one among adolescents and two among sexworkers. An overviewof the study charac-
teristics are summarized in Table 2.

Table 1. Measures used to determine the diagnostic accuracy.

Syndromic Approach: Vaginal Discharge

Flowchart

Positive according to lab. Negative according to lab. Total

Positive according to flowchart. True Positives (TP) False Positives (FP) TP+FP PPV: TP/(TP

+FP)

Negative according to flowchart. False Negatives (FN) True Negatives (TN) FN+TN NPV: TN/(FN

+TN)

Total TP+FN TN+FP Sample Size

(N)

Sensitivity: TP/(TP+FN) Specificity: TN/(FP+TN)

Missed treatment:

1-sensitivity

Over treatment:

1-specificity

Correct treatment: (TP+TN)/

Nx100

doi:10.1371/journal.pone.0163365.t001
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Fig 1. PRISMA flowchart depicting screening process.

doi:10.1371/journal.pone.0163365.g001
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Vaginal Discharge Flowcharts

Three studies validated all types of vaginal discharge flowcharts for cervical infection—NGand
CT, and two studies for vaginal infection—TVand BV. All studies compared the diagnostic
performance of the Vaginal Discharge Flowchart with a laboratory reference test: six studies on
cervical infections, and three on vaginal infections compared the flowchart with gold standard
laboratory diagnostics, others tested vaginal samples with other types of laboratory diagnostics
such as ELISA,microscopy or Gram staining.

Cervical infections

Prevalence rates vary per study, NG ranged from 0.7% in Bulgaria [24] to 15.3% in India [26].
CT ranged from 5.9% in Honduras [32] to 17.1% in in India [25]. The diagnostic validity of the
different types of vaginal discharge flowcharts to identify NG and CT is summarized in
Table 3.

Table 2. Study characteristics of studies included in the analysis.

Study Country Design N Prevalence (%) Setting Population Flowchart Reference test

Clark 2009 Peru Cross-

sectional

320 NG: 2.8 CT: 14.1 General health

clinic

General

population

women

WHO 1 NG/CT: NAAT

Cornier 2010 Bulgaria Cross-

sectional

424 NG: 0.7 CT: 9.2 TV: 2.9

CT/NG: 9.5

Sexual health

clinic

Non pregnant

women

WHO 1,2,3, MSF 1 NG/CT: NAAT BV/TV:

Microscopy

Das 2011 India Cross-

sectional

417 NG: 14.1 CT: 17.1 TV:

31.1 BV: 71 NG/CT:26.1

STI clinic for sex

workers

Sex workers WHO1,2 NACO 3 NG/CT: NAAT TV: PCR BV:

Nugent’s criteria

Desai 2003 India Cross-

sectional

118 NG: 15.3 CT: 8.5 TV:

14.4

Red light district Sex workers NACO 2 NG: Culture and Gram staining

CT: Pace 2 CT assay. TV: Wet

mount

Francis 2014 Tanzania Cross-

sectional

966 NG: 4 CT: 12 TV: 19 Women working

in bars, hotels.

HIV negative

women

WHO 2 NG/CT: PCR TV: culture BV:

Nugents criteria

Garcia 2004 Peru Cross-

sectional

754 NG: 1.2 CT:6.8 Mothers Club General

population

Peruvian Algorithm 1 NG/CT: PCR

Kisa 2009 Turkey Cross-

sectional

300 TV: 14 Maternal health

clinic

Married women WHO 2 TV: Wet mount

Lima 2013 Brazil Cross-

sectional

104 TV: 3.8 BV: 27.9 ANC Pregnant women WHO 1 TV: wet mount BV: Amsel

criteria.

Msuya 2009 Tanzania Cross-

sectional

2645 TV: 5 BV: 20.9 Either.

23.9

ANC Pregnant women Tanzanian STI case

management 2

TV: Wet mount BV: Amsel

Nugent.

Moherdaui

2005

Honduras Cross-

sectional

933 NG/CT: 5.9 TV: 6.8 BV:

27.4

General health

clinic

General

population

WHO 1,2,3 NG: Gram CT: immuno-florence

TV: microscopy

Onyekownu

2011

Nigeria Cross-

sectional

195 NG/CT: 12.8 BV/TV:

57.4

STI Clinic General

population

Nigeria National

Algorithm (2b)

NG: Culture. CT: Elisa. TV: wet

mount BV: Nugents criteria

Rassjo 2006 Uganda Cross-

sectional

199 NG: 9 CT: 4.5 Youth health

clinic

Adolescents National Algorithm 2 NG/CT/TV: PCR.

Romoren

2007

Botswana Cross

sectional

703 NG: 3 CT: 8 TV: 18.8 BV:

38.1

ANC Pregnant women WHO 2 NG/CT: LCR TV: wet-mount BV:

Nugents criteria

Smith Fawzi

2006

Haiti Case-

Control

944 NG: 1.7 CT: 6.2 either:

7.4

Women’s health

clinic

General

population

WHO 1, 2, 3, Haiti

National Algorithm 1

NG/CT: Gen Probe PACE 2

Tann, 2006 Uganda Cross-

sectional

250 TV: 17.3 BV: 47.7 ANC Pregnant women Nigeria National

Algorithm 2

TV: inoculation culture media kit

& wet mount BV: Nugents

criteria.

Tolosa, 2012 Colombia Cross-

sectional

1266 NG: 1.2 CT: 9 TV: 0.9

BV: 39

General health

clinic

General

population

WHO 1 NG/CT: PCR TV: wet mount BV:

Nugents criteria

Abbreviations: ANC = Antenatal clinic; BV = Bacterial Vaginosis; CT: Chlamydia trachomatis; HIV = Human Immunodeficiency Virus; LCR = Ligase Chain

Reaction; NAAT = Nucleic Acid Amplification Test; NG: Neisseria gonorrhea; PCR = Polymerase Chain Reaction; TV = Trichomonas vaginalis;

WHO = World Health Organization; NACO: National AIDS Control Organization

doi:10.1371/journal.pone.0163365.t002
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The pooled sensitivities, in Table 4, were low for flowchart 1 (27.4%), and 2 (37.4%) while 3
and 4 had better sensitivity of 90.1% and 83.6% respectively. This is inversely proportional
with specificity, which revealed sensitivity of 84.9% for flowchart 1, 79% for flowchart 2, 35.3%
for flowchart 3 and 45.3% for flowchart 4. In the three studies that compared the diagnostic
accuracy of the syndromic case management, the sensitivity increasedwith the addition of
speculum examination and microscopy but specificity decreased. Studies with a combined
prevalence of less than 20% had a PPV consistently below 10%. Higher prevalence resulted in
higher PPV. Studies conducted among sex workers [25, 26] had PPV of above 20%. Flowchart
1, 2 and 3 have high NPV above 90%, however flowchart 4 had a NPV of only 42.5%. All flow-
charts showed to have a poor agreement with laboratory diagnosis, with Kappa values varying
from κ = 0.000 to κ = 0.061.

The low diagnostic performance of the different flowcharts to identify NG and CT resulted
in a substantial proportion of overtreatment and missed treatment, and a relatively lower pro-
portion of correct treatment. Studies with high sensitivity had low rates of missed treatment,
but generally have low specificitywith concomitant high rates of overtreatment. Studies with
high specificity resulted in a higher proportion of cases with infection and without infection
treated correctly. Flowchart 1 and 2 are more efficient since more cases were correctly treated
(77.8% and 69.2% respectively) compared to 3, and 4 (40.2% and 47.6%). Flowcharts 1, and 2
have lower rates of overtreatment (13.6% and 18.5%) but resulted in more cases that had
missed treatment (75.8% and 70.7%). Flowchart 3, and 4 had overtreatment of 64.7%, and
50.5% with fewer missed treatments (9.9% and 36% respectively). Flowcharts that have been
adapted to the specific country context (flowchart 4) performed better compared to flowchart
2, and 3.

Vaginal infection

Prevalence rates vary per study: TV ranged from 0.9% in Colombia [39] to 17.3% in Uganda
[38]. BV ranged from 39% in Colombia [39] to 47.7% in Uganda [38]. The diagnostic accuracy
rates and performance per flowcharts for identifying TV and BV are summarized in Table 5.

The vaginal discharge flowchart had a better diagnostic accuracy for TV and BV com-
pared to the flowchart used for cervical infections. The pooled sensitivity for flowcharts 2
and 3 had a sensitivity around 90%, while 1 and 4 were around 55%. Pooled specificity ranged
from 41.39% to 99.97%. The PPV for identifying vaginal infection was higher compared to
identifyingNG and CT with flowchart 1 at 56.7%, flowchart 2 at 44.1%, flowchart 3 at 99.9%

Table 4. Pooled diagnostic validity- Cervical infection.

Fixed effect model–inverse-variance estimates

Flowchart N studies Sensitivity Specificity PPV NPV

1 6 27.4 (23.9–30.9) 84.9 (83.9–85.9) 12 (10.2–13.9) 93.5 (92.6–94.3)

2 7 37.4 (36.9–2.9) 79 (78–79.9) 8.3 (7.1–9.5) 92.23 (91.4–93.1)

3 3 90.1 (85.8–94.4) 35.3 (33.4–37.1) 7.3 (6–8.7) 96.5 (95.3–97.7)

4 7 83.92 (80.9–7) 45.3 (43.9–47.9) 11.6 (10.1–13.1) 42.5 (41.3–43.6)

Missed treatment Over treatment Correct treatment

1 6 75.82 (72.5–79.1) 13.6 (12.9–14.6) 77.8 (76.6–78.9)

2 7 70.7 (68–73.5) 18.5 (17.5–19.4) 69.2 (68–70.3)

3 3 9.9 (5.6–14.2) 64.7 (62.9–66.6) 40.2 (38.2–42.1)

4 7 36 (33.2–38.7) 50.5 (49–52) 47.6 (46.1–49.1)

doi:10.1371/journal.pone.0163365.t004
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and flowchart 4 at 53.8%. The summary of the pooled diagnostic validity is summarized in
Table 6.

Flowchart 3, which consisted an additional simple laboratory test for TV and BV resulted in
95.2% correct treatment, a small proportion of missed treatment (8.3%) and almost no over-
treatment (0.02% 95CI 0–0.1%). Flowcharts 1 and 2 resulted in correct treatment of 58% and
52.4%, respectively. Using flowchart 1 missed and over treatment occurred in 38% of the ana-
lyzed women, while the addition of a speculum examination (flowchart 2) did not improve the
proportion of correct treatment and has led to a higher proportion of over treatment from
38.4% to 56%. Using specific national flowcharts resulted in 75.8% of women being correctly
treated, 46.1%missed treatment and 20% received an over treatment for TV and BV.

Studies showing a good agreement according to the Kappa test, are consistent in reporting
higher sensitivity, specificity, PPV, NPV, and correct treatment rates. Four flowcharts had a
fair to perfect agreement with the laboratory diagnostics, described in Table 5: (i) India, Desai
et al 2003, flowchart 4: κ = 0.21; (ii) Turkey, Kisa et al 2009 flowchart 1: κ = 0.264; (iii) Bulgaria,

Table 6. Pooled diagnostic validity–Vaginal infection.

Fixed effect model–inverse-variance estimates

Flowchart N Sensitivity Specificity PPV NPV

1 7 59.7 (57.9–61.4) 63.8 (612–65.4) 56.7 (54.5–58.8) 66.4 (64.6–68.2)

2 4 93.3 (92.9–93.7) 41.4 (40.5–42.3) 44.1 (41.4–46.8) 56.21 (54.5–57.9)

3 2 91.7 (89.2–94.2) 100 (99.9–100) 99.9 (99.7–100) 95.2 (94–96.6)

4 4 53.9 (51.3–56.5) 80.6 (79.2–81.9) 53.8 (51–56.6) 83.7 (82.2–85.1)

Missed treatment Over treatment Correct treatment

1 7 38.5 (36.8–40.3) 38.4 (36.5–40.1) 58 (56.5–59.5)

2 4 1.1 (0.9–1.2) 58 (57.1–59) 52.4 (51–53.8)

3 2 8.3 (5.8–10.8) 0.0 (0–0.1) 95.2 (94.0–96.3)

4 4 46.1 (43.5–48.7) 19.5 (18.1–20.8) 75.8 (74.4–77.2)

doi:10.1371/journal.pone.0163365.t006

Table 7. Risk of bias and applicability.

PATIENT SELECTION INDEX TEST REFERENCE STANDARD FLOW AND TIMING

Clark 2009 Unclear Low Low Low

Cornier 2010 Low Low Low High

Das 2011 Low Low Low Low

Desai 2003 High High High Low

Francis 2014 Low High Low Low

Garcia 2004 High Low Low Low

Kisa 2009 High Low High Low

Lima 2013 High Low High Low

Moherdaui 2005 Low Low High Low

Msuya 2009 Low Low High Low

Onyekownu 2011 Low Low High Low

Rassjo 2006 High Low Low Low

Romoren 2007 Low Low Low Low

Smith Fawzi 2006 Low Unclear Low Unclear

Tann 2006 Low Low High Low

Tolosa 2009 High Low Low Unclear

doi:10.1371/journal.pone.0163365.t007
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Cornier et al 2010, flowchart 3: κ = 0.597; and (iv) Honduras, Moherdaui et al 2005 flowchart
3: κ = 0.871.

Risk of bias

Six out of 16 studies had risk of bias for patient selection; two for index test; seven for reference
standard; and one for flow and timing. Based on the overall criteria for risk of bias, 72% had
low, 27% with high, and 7% with unclear risk of bias. The applicability of test in terms of index
test and reference standards is generally good. The details of the risk of bias and study applica-
bility assessment are shown in Table 7.

Discussion

The review revealed that the diagnostic accuracy of vaginal discharge flowchartto identify NG
and CT performs poorly across all studies. The Cohen’s Kappa values to identify cervical infec-
tion did not have agreement with the laboratory tests. The review also showed that the diagnos-
tic accuracy of vaginal discharge flowchart to identify TV and BV was much better. Studies
conducted among general population women with lower prevalence of NG and CT had consis-
tently low PPV below 10%. Overall the flowchart utilized for high prevalence setting like
among sex workers [25, 26]with more than 20% NG and CT rates had PPV above 20% and bet-
ter diagnostic accuracy, but still performs poorly. The PPV of majority of the flowchart were
above 50%, with more cases correctly treated. This is consistent with other reviews [17, 40, 41].
The diagnostic accuracy of the flowchart is associated with the prevalence rates of infection.
The lower the prevalence rate, the lower the PPV, which in turn results in more false positive
cases. A PPV of 10% translates to about 90% of cases identified by the flowchart to be positive
do not have the infection. The prevalence of NG and CT among sex workers was more than
20% in our study and this was associated with a higher PPV over 20%. In high prevalence set-
tings, the flowcharts performed better and could be cost effective. Flowcharts of high sensitivity
will detect more NG and CT and will have an overall impact in reducing transmission. In this
setting overtreatment will be acceptable. Utilizing the vaginal discharge flowchart to identify
NG and CT among sex workers could also be an opportunity for promotion of condom use
and screening for cervical infection [6]. The prevalence of NG and CT in the general popula-
tion including pregnant women is low and hence the PPV of the flowchart will also be low [6,
42, 43], with consequent high rates of false positivity and overtreatment. This not only
increases the overall cost of treatment and potential side effects, but also the psychological cost,
break up of relations, and stigma. Several studies have recommended that women in low preva-
lence settings should not be treated for cervical infections [14, 35, 43, 44]. Previous reviews and
studies showed poor correlation between vaginal discharge and NG and CT [6, 14, 23, 36, 40,
44, 45]. This is consistent with our findings that women who complain of vaginal discharge
symptoms often do not have a cervical infection. In addition, most cervical STIs do not cause
any symptoms and this will not be identified by syndromic approach. Additional symptoms
are not recognizedor not acted upon [46, 47]. The treatment results and the flowchart accuracy
rates in our review provides us with the same conclusion, which makes our results consistent
with others.

In the majority of cases of vaginal discharge the cause was either TV or BV. The prevalence
of TV and BV among women with vaginal discharge was high and was associated with a con-
comitantly high PPV for identifying vaginal infection. Previous studies which analysed the
association between the presence of vaginal discharge and vaginal infections caused by TV, BV
showed a significant association with odds ratios from 3 to 7 [28, 43]. The Cohen’s Kappa val-
ues for four flowcharts have a fair to perfect agreement with the laboratory tests, which

The Performance of the Vaginal Discharge Syndromic Management for Vaginal and Cervical Infections

PLOS ONE | DOI:10.1371/journal.pone.0163365 October 5, 2016 14 / 21



confirms the positive utility of the flowchart. The vaginal discharge flowchart seems to be an
accurate tool based on our review. These results are also confirmed in previous studies in both
the general population and sex workers [6, 14, 22, 24, 29]. However, the algorithm seems to be
less effective in pregnant women complaining of vaginal discharge [14, 48]. We found the
same conclusion in an analysis of our study by Tann et al, 2006, where the accuracy and correct
treatment rates are around 50% [38]. It could be that vaginal discharge in pregnant women is
mainly due to candidiasis [21]. The lack of agreement of the flowchart in pregnant women is
confirmed by the Cohen’s Kappa score of κ = 0.130 in BV and κ = 0.154 in TV, which tells us
that women are diagnosed by chance. However, there are issues of bias given that most of the
comparison laboratory tests are not gold standard test.

The addition of speculum examination to identify cervical and vaginal infection increased
the sensitivity of the flowcharts at the expense of specificity resulting in increased overtreat-
ment and decreased correct treatment for both cervical and vaginal infections. Speculum exam-
ination is a standard care practice and this seems to be easy, but will require resources and may
not be feasible in some settings.

The addition of microscopy to determine the presence of pus cells as a surrogate for cervical
infection had increased the sensitivity of the flowchart at the expense of specificity, resulting in
overtreatment and less cases that are correctly treated. These algorithms had the highest cost
per true NG/CT case treated due to more resources required for speculum examination and
laboratory diagnosis and higher drug cost due to overtreatment. In contrast, the addition of
microscopy to identify TV and BV improved the diagnostic accuracywhich could result in
more cases being correctly treated, and marked reduction in overtreatment and missed
treatment.

Applying a risk assessment can increase the sensitivity of the flowchart, so that more
women with cervical STIs are correctly identified. The gain in sensitivity comes at the expense
of specificity, which increases the number of women treated inappropriately. Risk assessment
should be context and country specific, however studies needed to determine the appropriate
risk assessment questions may not be able to be carried out in all countries, or areas within a
country. Commonly, risk assessments questions developed in one setting are utilized in other
settings. Most of these risk assessments include a question about new recent or multiple sexual
partnerships. Questions that are appropriate for women attending STI clinics cannot be trans-
ferred directly to settings in which STI are rare and sex before or outside marriage can be
severely punished, such as in the Middle East [49]. Acceptability is a major issue for imple-
menting risk assessment in practice. Risk assessment questions that are reported to be accept-
able during the development and piloting phases might not be workable in practice [20].
Questions that are perceived as intrusive or time-consuming are difficult to use as the entry
point for a syndromic algorithm at two levels, healthcare workers who feel uncomfortable ask-
ing the questions will not ask them and women who are asked will not answer them [49].

Effectiveness and cost effectiveness of Syndromic Approach

Several studies have demonstrated the effectiveness of syndromic approach. A RCT conducted
inWest African countries that implemented syndromic management for vaginal discharge
have shown that treatment for TV and BV through a single dose regimen compared to a multi
dose regimen was equally effective [48]. Implementation of syndromic approach in South
Africa from 1995 to 2005 reduced the prevalence of syphilis, NG, BV, and substantially
decreased chancroid. The effect of syndromic approach was more evident among symptomatic
cases compared to asymptomatic cases [50]. A reduction of STIs syndromes was observed
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since its introduction in 1995 in Kenya but increased again in 2001 due to the termination of
free medicines [51].

In addition to the diagnostic accuracy of syndromic approach, other factors such as the sta-
bility of risk factors, the health care providers implementing the approach, acceptability of
stakeholders and availability of resources are important considerations in the effectiveness of
syndromic approach. A study conducted in Botswana public health clinic, evaluating the qual-
ity of syndromic management of STI revealed that a third of women did not receive appropri-
ate treatment based on the syndrome and that there is a need to improve the quality of medical
history taking and clinical examination [52]. White et al. estimated that overall, only 13% of
symptomatic curable STI episodes have been cured through syndromic treatment in a rural
town in Africa. Since the introduction of syndromic approach in 1995, curable STIs remain to
be prevalent and it has been suggested that this could be improved by increasing rates of treat-
ment seeking and provision of correct treatment [53].

A cluster randomized trial has shown that the comprehensive syndromic management
package, which includes condom promotion and supply, partner notification, and STI advice,
increased provision of STI information in women, and the cost per patient appropriately man-
aged was USD 1.51, the study concluded that STI syndromic package improved STI case man-
agement at a reasonable cost and should be widely used [54].

There are claims that overtreatment will result into drug resistance. It has been shown that
the decreased susceptibility to ceftriaxone and spectinomycin is consistent with the widespread
use of these agents in the community for other indications and there are doubts whether syn-
dromic management or decrease of the total consumption of antibiotics by reverting to aetolo-
gic-basedmanagement of STIs will make any difference in the development of drug resistance
in the absence of a more rational use of the same drugs for other indications [55].

Syndromic management has been shown to have the lowest programme cost compared to
other approaches, while mass treatment is cost effective in terms of cost for cure. However the
treatment seeking behaviour, STI prevalence and service coverage will determine the cost effec-
tiveness of either syndromic approach, etiologic approach or mass treatment and will have
impact on the programme [56, 57].

In resource poor settings, and until more rapid POC tests become available, syndromic
approach remains to be an important option for managing symptomatic STIs. The trade-offs
between trying to treat cervical STI through syndromic management, despite its poor perfor-
mance, and deciding not to treat them need to be explicit. Behets and colleagues reviewed the
implications of false- and true-positives and false- and true-negatives [19]. Low sensitivity
results in high rates of missed treatment that can lead to persistence of infection that may result
in complications and continued transmission, while a low specificity results in overtreatment
leading to increased costs, adverse effects of drugs, and the negative consequence of being
labelled as having an STI and a low PPV results in more false positives being treated unneces-
sarily as well as the psychosocial effect if beingmislabelled as being infected.

In addition to diagnostic accuracy of the syndromic approach, the effectiveness could be
enhanced by improvement of the quality of services and improving treatment seeking
behaviours.

Based on this review and from previous reviewwe conclude the vaginal discharge flowchart
should focus on management of vaginal infection.We believe that the syndromic approach
should be used as an intermediate approach for cervical infections for sex workers, since the
prevalence of NG/CT infections amongst this population is higher and it’s better to lower the
risk of transmission via this group, until a POC test is available in resource poor settings.

There are a number of limitations in the review presented. The studies included had varied
clinical setting. Although all studies included women with symptoms of vaginal discharge, the
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prevalence of STIs and risk factors across the studies are varied. In addition, the majority of
these studies have not been systematically recruited the study participants and thus may limit
the generalizability of this review. Though the aggregated data did not measure odds ratio it
did minimize variance of effect by weighted analysis. It should be noted that larger studies
could influence the un-weighted estimates. Performance bias could be found in studies using a
non-gold standard laboratory diagnostic tool as the test would have a lower accuracy rate [18].
Given the cross-sectional nature of studies, only associations can be inferred and no causal rela-
tionships can be determined. These studies have been conducted in a research environment
where health care providers are trained and thus may overestimate the diagnostic accuracy of
the flowcharts in actual health care setting.

Appendix 1

PuBMed N = 303 'Vaginal discharge'[Mesh] OR “vaginal discharge” [TIAB] OR “vaginal dis-
charges” [TIAB] OR “Leukorrhea” [all fields] OR “cervical discharge” [all fields] OR 'Cervix
Uteri/secretion'[Mesh] OR 'cervical discharges' OR (vaginal AND discharge) OR (vagina and
discharge) OR (cervixAND discharge) OR (cervixAND discharges) OR ‘vaginal secretion’
AND 'Software Design' OR flowcharts OR Flowchart OR algorithmOR algorithms OR 'flow
charts' OR 'flow chart' OR 'clinical pathway' OR 'clinical pathways' OR 'risk assessment' OR
syndromically OR syndromic OR signs OR symptoms OR symptom OR sign decision tree OR
syndromic approach OR syndromic diagnosis OR syndromic management OR syndromic
approaches

EMBASE N = 2436 'vagina discharge'/expOR 'fluor vaginalis' OR ' genital fluor' OR 'vagina
fluid' OR 'vagina fluor' OR 'vaginal discharge' OR 'vaginal fluid' OR 'vaginal fluor' OR 'leukor-
rhea' OR 'leukorrhea'/expOR 'fluor albus' OR 'cervical discharges' OR (vaginal AND discharge)
OR (vagina and discharge) OR (cervixAND discharge) OR (cervixAND discharges) OR ‘vagi-
nal secretion’ OR ('uterine cervix '/exp AND (secretionOR discharge OR discharges OR secre-
tions)) AND 'algorithm'/expOR flowcharts OR Flowchart OR algorithmOR algorithms OR
'flow charts' OR 'flow chart' OR 'clinical pathway' OR 'clinical pathways' OR 'risk assessment'
OR syndromically OR syndromic OR signs:ti,abOR symptoms OR symptom OR sign:ti,abOR
'decision tree' OR 'decision trees' OR 'syndromic approach' OR 'syndromic diagnosis' OR 'syn-
dromic management' OR 'syndromic approaches'

POPLINE N = 18: VAGINAL ABNORMALITIESOR VAGINOSIS OR CERVICAL
MUCUSOR CERVICAL EFFECTSAND SYNDROMIC MANAGEMENT OR SIGNS AND
SYMPTOMS

Global Health LibraryN = 88:
Vaginal discharge AND syndromic approach OR flowchart.
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