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Abstract

Introduction

Infections of the central nervous system are a considerable basis of mortality in people living

with HIV, with progression to cryptococcal meningitis documented at around 15% of HIV-

associated mortality globally, with nearly three-quarters occurring in the sub-Saharan Africa.

Discoveries from previous studies prelude to the mortality of cryptococcal antigen positive,

which persisted to be elevated than in cryptococcal antigen negative persons. One feasible

interpretation of this could be due to undiagnosed cryptococcus. Laboratory investigations

identify cryptococcal disease prior to cryptococcal meningitis progression. Point-of-care

testing has high sensitivity and specificity as seen with the cryptococcal antigen lateral flow

assay screening to expedite treatment. The aim of the study is to map and translate evi-

dence on cryptococcal antigen infection among HIV-infected persons in sub-Saharan Africa.

Methodology

The proposed scoping review will be conducted using guidelines proposed by Arksey and

O’Malley methodological framework and Levac et al. advanced method. It will be guided by

the Preferred Reporting Items for Systematic Reviews and Meta-Analysis for Scoping

Reviews. A comprehensive literature search of studies published from the first relevant pub-

lication to 2022 will be conducted on multiple electronic databases. Additional sources (grey

literature) will also be searched. The search strategy will be generated and implemented by

the principal investigator with assistance from a subject specialist, and an information spe-

cialist. Two reviewers will screen eligible studies. The screening will be guided by an inclu-

sion and exclusion criteria. The mixed methods appraisal tool version 2018 will be used to

appraise the quality of the empirical studies.

Discussion

The proposed scoping review will map and translate evidence on cryptococcal antigen infec-

tion among HIV-infected persons in sub-Saharan Africa. Synthesising and sharing recent
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evidence in this area has potential to help guide future research and interventions aimed at

improving the management of cryptococcal antigen infection among HIV-infected persons

in sub-Saharan Africa and other high HIV- burdened settings.

Introduction

Cryptococcal disease is a paramount cause of illness in people living with HIV/AIDS and has

major consequences if left undiagnosed and untreated [1–3]. An approach to identifying risk

of progression to disease is necessary to guide cryptococcal antigen (CrAg) screening in the

distribution of resources particularly in resource-limited settings when supervising people

demonstrating advanced HIV disease. Updated guidelines are required to provide recommen-

dations on approach to detection, diagnosis, and treatment. These guidelines also include

strategies on preventing invasive illness and potential impact with antiretroviral therapy

(ART) [4]. When cryptococcal disease is suspected, the CrAg point-of-care (POC) testing is

conducted to enable prompt treatment before the progression to cryptococcal meningitis

(CM) [5]. CM is the most common appearance of the infection and a contributing factor to

the morbidity and mortality in the sub-Saharan Africa (SSA) [6, 7]. Mortality is further

increased through the immediate initiation of ART in people living with HIV (PLHIV) that

have been diagnosed with CM. The guidelines recommended by the World Health Organisa-

tion (WHO), is to delay ART by 4–6 weeks from the initiation of antifungal treatment [8, 9].

Cryptococcus meningitis is one of the leading causes of HIV mortality globally [5, 8, 10]. A

review indicated a global estimation of 223 100 incidence cases of CM, where regions with

scarce resources within SSA accounts for 73% [8, 9, 11] of the cases contributing to 181 100

global deaths annually [5, 8, 12]. There is a prevalence of 1–16% developing cryptococcal dis-

ease in several African counties while a 25% of cases occur within the first year of ART, when

no fluconazole therapy is initiated and a 20% increase in mortality following ART therapy ini-

tiation without prior treatment of cryptococcal disease [13]. Discovering the estimates of inci-

dence and prevalence of HIV-related diseases especially in cryptococcal infection has been

continuous in studies globally [11–14], despite the advancement of HIV management and

medicine. The global burden estimates have important purpose in recommended guidelines

for prevention strategies required for treatment. Studies were conducted on “the prevalence of

cryptococcal infection among HIV-persons with a CD4 cell count of less than 100 cells/μL”

however, the clinical characteristics of PLHIV, with the progression to CM proportional to ele-

vated CD4 cell counts (101–200 cells/μL), would contribute discernment into the role of the

immune response to the pathogenesis of CM [9, 11, 13, 14]. This enables customization of

applicable treatment interventions for cryptococcosis [9]. Identified patients begin pre-emp-

tive therapy with a high concentrated dosage of fluconazole to inhibit development of severe

disease [5, 9, 15]. A CD4 cell count is a necessary tool in aiding decision-makers in clinical

management [16]. A CD4 cell count of less than 200 cells/μL is regarded a threshold for poten-

tial morbidity [17]. The WHO recommends screening for CrAg in PLHIV, followed by pre-

emptive antifungal treatment for a positive screening, to prevent progression to CM. This rec-

ommendation is for persons living with HIV before the initiation or re-initiation of ART ther-

apy [8]. A study by Otto et al. [15] publicized that in Africa, the cryptococcosis-associated

immune reconstitution inflammatory syndrome (IRIS) is dangerous with 27–83% reported

mortalities, this would be due to undiagnosed cryptococcosis. Additional studies would be

necessary to further understand the perseverance of high mortality in the context of establish-

ing appropriate strategies in screening for CM within routine testing [15]. Laboratory
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investigations towards early detection of cryptococcal disease prior to CM has progressed to

POC testing with high sensitivity and specificity as seen with the CrAg lateral flow assay (CrAg

LFA) screening to expedite treatment [18, 19], therefore the level of evidence to validate clinic-

based CrAg LFA testing in sub-Saharan Africa (SSA) is not clear [6, 8]. The proposed scoping

review aims to systematically map evidence on CrAg infection among HIV-infected persons in

SSA. It is anticipated that findings from this study will contribute evidence to propose

improved management of CrAg infections within healthcare in SSA.

Methodology

The scoping review will be performed using guidelines proposed by Arksey and O’Malley [20]

methodological framework and Levac et al. advanced method [20] and guided by the Preferred

Reporting Items for Systematic Reviews and Meta-Analysis for Scoping Reviews (PRIS-

MA-ScR) [21, 22]. The five stages of Arksey and O’Malley framework that will be used to per-

form this scoping review are: i) identifying the research question ii) identifying relevant

studies iii) eligible study selection iv) selection of potentially eligible articles v) charting the

data and vi) collating, summarising, and reporting the results. This scoping review will not

incorporate stage seven involving stakeholders’ consultation.

i. Identifying the research question

The research question is: What is the level of evidence on CrAg infection among HIV-infected

persons in SSA? To Refine the research question for the scoping review we will use the Popula-

tion, Concept, Context (PCC) nomenclature summarized in Table 1 below.

ii. Identifying relevant studies

Comprehensive literature searches of studies published from the first relevant publication to

2022 will be conducted on the following electronic databases from Scopus, PubMed, and

EBSCO host (MEDLINE, Cumulative Index to Nursing and Allied Health Literature

(CINAHL)). Additionally, we will look at grey literature (university dissertations and thesis),

government and international organisations such as WHO reports to determine more sources

of information that have not been arranged by electronic databases. We will manually search

for references cited in the included articles. No language restrictions will be applied.

A comprehensive literature search strategy combining terms will be done in three separate

searches: “HIV” “PLHIV” “HIV infected persons” “advance HIV disease” “HIV related dis-

ease”, “Cryptococcal” “Cryptococcus” “Cryptococcosis” “Cryptococcal antigen” “Cryptococcal

antigen infection” “CrAg” “CrAg screening” “Cryptococcal meningitis” “Meningitis”, and

“Sub-Saharan Africa” “SSA”.

The search strategy will be created and implemented by the principal investigator (PI) with

assistance from a subject specialist, and an information specialist (university librarian). Each

database search will be on record to show the following: date of search, electronic database,

keywords/MeSH terms, and the number of recovered studies. A pilot search was conducted on

Table 1. PCC framework for refining the research question.

Population HIV-infected persons

Concept CrAg infection

Opportunistic fungal agent resulting in HIV-related infection [2]

Concept SSA

https://doi.org/10.1371/journal.pone.0281849.t001
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one of the electronic databases and the findings are documented in Table 2 below. To confirm

accurate use of terminology, keywords may be edited to ensure database search suitability.

iii. Eligible study selection

The following criteria listed in Table 3 will be used to select relevant studies.

iv. Selection of potentially eligible articles

Following the electronic database search, the eligible studies will be transferred to Endnote, a

citation management software. The PI will work independently to screen titles using the inclu-

sion and exclusion criteria guide. The PI, with the assistance of an independent co-screener

will screen the abstracts. Disagreements between the two screeners will be settled by a discus-

sion until unanimity is reached. Screening of full article will be conducted by the same set of

screeners. Any discrepancies that emerge after screening full articles will be settled by intro-

ducing a third screener. The degree of agreement amongst the screeners after full article

screening will be established through calculating the Cohen’s Kappa Statistics [23, 24]. The

process of the study search decision will be guided by the PRISMA flow chart as demonstrated

in Fig 1 [21] to aid reporting of the scoping review.

Table 2. Results of pilot search.

Date of

search

Electronic

Database

Keywords/MeSH terms Number of

hits

05/10/2022 PubMed HIV: "hiv"[MeSH Terms] OR "hiv"[All Fields]cryptococcal: "cryptococcus"[MeSH Terms] OR "cryptococcus"[All

Fields] OR "cryptococcal"[All Fields] infection: "infect"[All Fields] OR "infectability"[All Fields] OR "infectable"[All

Fields] OR "infectant"[All Fields] OR "infectants"[All Fields] OR "infected"[All Fields] OR "infecteds"[All Fields] OR

"infectibility"[All Fields] OR "infectible"[All Fields] OR "infecting"[All Fields] OR "infection’s"[All Fields] OR

"infections"[MeSH Terms] OR "infections"[All Fields] OR "infection"[All Fields] OR "infective"[All Fields] OR

"infectiveness"[All Fields] OR "infectives"[All Fields] OR "infectivities"[All Fields] OR "infects"[All Fields] OR

"pathogenicity"[Subheading] OR "pathogenicity"[All Fields] OR "infectivity"[All Fields]

sub-Saharan Africa: "africa south of the sahara"[MeSH Terms] OR ("africa"[All Fields] AND "south"[All Fields] AND

"sahara"[All Fields]) OR "africa south of the sahara"[All Fields] OR ("sub"[All Fields] AND "saharan"[All Fields] AND

"africa"[All Fields]) OR "sub saharan africa"[All Fields]

485

https://doi.org/10.1371/journal.pone.0281849.t002

Table 3. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Studies reporting evidence of HIV/AIDS patients Studies reporting evidence other than whole blood, CSF

sample, serum, and plasma.

Studies conducted among adults and children in SSA. Studies reporting evidence of patients receiving

antifungal treatment

Studies reporting evidence on CM diagnosis from CSF

sample and CrAg infection from whole blood, serum, and

plasma (CSF sample has the highest diagnostic value

irrespective of the blood sample result)

Studies that report evidence of disease unrelated to CM

(bacterial or viral meningitis, tuberculous meningitis,

protozoan infections, and space-occupying cerebral

oedema lesion e.g., tuberculoma, hydrocephalus or CNS

malignancy)

Studies reporting evidence on estimates of the incidence,

prevalence, and mortality of cryptococcal infection and

CM.

Studies reporting evidence on primary studies

conducted outside SSA

Studies reporting evidence on patients with historical

cryptococcosis or overt clinical CM

Studies that do not specify CM diagnosis, CrAg

infection, or record of test performed.

Review articles

https://doi.org/10.1371/journal.pone.0281849.t003
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v. Charting the data

A data charting form as outlined in Table 4, will be used to derive information from each

included study. Two independent reviewers will pilot test and modify the data charting form.

vi. Collating, summarising, and reporting the results

Findings will be presented in two ways. Firstly, from numerical data on the incidence, preva-

lence and mortality of the study population will be reported. Secondly, we will produce tables

and graphs based on thematic analysis that originate from the PCC to guide a summary of

themes to extract from findings in relation to answering the study question.

Appraisal of quality of evidence

The mixed methods appraisal tool (MMAT) version 2018 will be utilized to appraise the qual-

ity of empirical studies, these are primary research acquired from observation, experimental or

simulation of study methods i.e. quantitative, qualitative, and/or mixed method studies [25].

Appraisal of the potential eligible articles are not compulsory while conducting a scoping

review however, to ensure quality studies are reported the appraisal of the included studies will

be intended to assess the objectives of the study, method, study design, candidate recruitment,

Fig 1. Prisma-Scr flow chart. *Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather

than the total number across all databases/registers). **lf automation tools were used, indicate how many records were excluded by a human and how

many were excluded by automation tools. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020

statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.

prisma-statement.org/.

https://doi.org/10.1371/journal.pone.0281849.g001
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data collected, analysis of data, discovered results, and authors’ discussions and conclusions to

ensure they are reliable, trustworthy, and valid. The appraisal process will involve two inde-

pendent reviewers assessing the checklist and criterion based on methodology according to

the MMAT [25]. A percentage score will be calculated to evaluate the quality of studies selected

as follows: i)� 50%, will be low quality ii) 51–75%, will be average quality and iii) 76–100%,

will be considered as high quality.

Ethical considerations

This scoping review involves synthesis of current evidence therefore ethical approval is not

necessary. However, since the study is being conducted for degree purposes, ethical approval

was sought. The study was ethically reviewed and approved submitted to the University of Pre-

toria Research Ethics Committee (Approval number: 606/2022).

Discussion

Screening of the cryptococcal antigen is the preferred approach for identifying risk of progres-

sion to disease when managing people presenting with advanced HIV infection [4]. Screening

for CrAg in PLHIV, followed by pre-emptive antifungal treatment for a positive screening are

one of the WHO’s recommendations for prevention of progression to CM [4]. Highly accurate

CrAg POC tests have been used for disease screening to help expedite treatment [16]. We

anticipate that results of this scoping review will guide future policy and practice aimed on

improving the HIV management.
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