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Abstract 

Laboratory diagnosis for cryptococcal disease among HIV-infected patients remains a 

challenge in most low- and middle-income countries (LMIC). Difficulties with sus-

tained access to cryptococcal rapid tests is cited as a major barrier to the routine 

screening for cryptococcus in many LMIC. Thus, clinicians in these countries often 

resort to empirical treatment based solely on clinical suspicion of cryptococcosis. To 

address this challenge, we aim to evaluate the re-introduction of India ink testing for 

diagnosis of cryptococcosis among HIV-infected patients in southern Mozambique. 

India ink testing was historically a common first choice, low-cost, laboratory diagnos-

tic tool for cryptococcal infection. This study uses implementation science methods 

framed by the Dynamic Adaption Process (DAP) and the Reach, Effectiveness, 

Adoption, Implementation, and Maintenance (RE-AIM) conceptual frameworks to 

develop a multi-phase, stepped-wedged trial using mixed-methods approaches. The 

study will be conducted in six hospitals from southern Mozambique over a period 

of 15 months and will include the following phases: pre-implementation (baseline 

assessment), Adaptation-implementation (gradual introduction of the intervention), 

and post-implementation (post-intervention assessment). This study aims to promote 

the use of India Ink staining as a cheap and readily available tool for cryptococcosis 

diagnosis in southern Mozambique. Lessons learned in this study may be important 

to inform approaches to overcome the existing challenges in diagnosis of cryptococ-

cosis in many LMICs due unavailability of readily diagnostic tools. Trial registration: 

ISRCTN11882960, Registered 06 August 2024.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0324792&domain=pdf&date_stamp=2025-05-23
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Introduction

Worldwide, cryptococcal infections have increased due to the HIV/AIDS pandemic, 
particularly in sub-Saharan Africa (SSA) where the associated mortality is relatively 
high [1,2]. In 2020, the global annual incidence of cryptococcosis was estimated at 
152,000 cases, resulting in roughly 112,000 cryptococcosis-related deaths [3]. More 
than 70% of cryptococcosis deaths occur in low- and middle-income countries (LMIC) 
[2,3].

HIV-associated cryptococcosis is a major cause of hospital admissions and clinic 
visits in LMIC [3,4], particularly affecting the most economically productive age 
groups. This is especially true in SSA where opportunistic infections such as crypto-
coccosis continues to be a common occurrence among HIV-infected patients, despite 
recent efforts to expand access to antiretroviral therapy (ART) [2,5,6]. Nevertheless, 
as much as 75% of HIV-infected adults in LMIC do not have access to cryptococcal 
diagnostic testing, and suspected cases are commonly treated empirically [2,4].

In Mozambique, the prevalence of HIV-infection in the adult population is currently 
estimated at 12.5% [7]. Accurate data on cryptococcosis prevalence in the country 
are scarce and most often patients are diagnosed based only on clinical suspicion. 
It is estimated that the number of cryptococcosis cases in the country are around 
18,600 cases per year (70.5 cases per 100,000 persons) [2,8], and in one study of 
hospitalized HIV patients in southern Mozambique, the prevalence was approxi-
mately 5.3% [9].

Health care facilities in resource-limited settings frequently experience a variety 
of different challenges such as financial constraints, scarcity of laboratory con-
sumables, lack of basic essential equipment, limited numbers of skilled personnel, 
lack of educators and training programs, and inadequate logistical support. Conse-
quently, limited or no access to point-of-care (POC) diagnostics negatively impacts 
care and results in both delays in diagnosis and delays in initiating treatments [4,6]. 
These limitations likely contribute to 1) patient loss-to-follow-up due to a need for 
frequent visits to the facility to get results; 2) diagnosis being made empirically, 
based solely on clinical symptoms which can be nonspecific, unreliable, and may 
contribute to an increase in mortality; and/or 3) no diagnosis being made at all, due 
to a lack of awareness or due to limited clinician training with regards to clinically 
complex cases [10–12].

India ink microscopy has been used to diagnose cryptococcosis for more than a 
century [13]. This method is relatively simple, inexpensive, and easy to perform in the 
laboratory, however, the introduction and expansion of rapid diagnostic tests (RDT) 
for a variety of illnesses has contributed to an overall reduction in the use of micros-
copy [13,14]. Furthermore, India ink microscopy specifically, had fallen out of favor as 
a diagnostic test due to it being associated with a relatively low sensitivity (approxi-
mately 70–90%) and due to the introduction of newer RDT´s that were anticipated to 
be a superior alternative to India ink [13–15].

The rapid cryptococcal antigen (CrAg) test, for example, has shown to have 
good sensitivity and specificity for diagnosing cryptococcosis. However, in some 
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resource-limited settings it has not reached its full potential and its utilization for routine cryptococcal diagnosis remains 
limited [14,15].

In Mozambique, for example, the National Health System (NHS) has had challenges maintaining appropriate stocks of 
the CrAg RDT and has faced difficulties in ensuring quality control of the tests that are performed [13]. As such, crypto-
coccosis in Mozambique is significantly underdiagnosed, or is empirically diagnosed only once a patient´s symptoms have 
progressed to being severe and in advanced stages.

To address this, we propose an initiative to reintroduce the routine use of India ink microscopy on urine samples as 
an alternative to CrAg for cryptococcosis diagnosis, particularly among HIV-infected patients. Studies have shown that in 
persons infected with HIV, cryptococcus can be eliminated in the urine on average 22 days before the onset of cryptococ-
cal meningitis (CM) symptoms [16,17]. Even with its lower reported sensitivity as a screening test, in the absence of good 
access to CrAg or other definitive diagnostics, we feel that routine testing of urine with India ink constitutes a “window” of 
opportunity for screening and subsequent initiation of treatment prior to the full establishment of cryptococcal meningitis 
manifestations. In this context, urine samples can be easily collected and tested for cryptococcosis at a relatively early 
stage of systemic infection, without need for invasive procedures such as lumbar puncture.

Therefore, we hypothesize that the adoption of India ink testing as a low-cost laboratory diagnostic for cryptococcosis in 
the hospitals will increase the opportunities to diagnose the disease among HIV- infected patients during the intervention 
period as compared to the control period.

Materials and methods

This protocol was developed following the SPIRIT guidelines (Standard Protocol Items: Recommendations for Intervention 
Trials)[18].

Study aim

The overall aim of this study is to evaluate the re-introduction of India ink microscopy of urine samples, as a low-cost, 
POC diagnostic test for HIV-infected patients suspected of having cryptococcal disease.

Objectives

1)	To explore the opportunities and barriers to re-introduction of India ink microscopy of urine samples, as a diagnostic 
test for cryptococcal infections among HIV-infected patients in southern Mozambique (Pre-implementation phase).

2)	To develop strategies for implementing low-cost, POC diagnostic test for cryptococcal infection in southern Mozam-
bique (Adaptation and implementation phase)

3)	To assess the reach, effectiveness, adoption, implementation, and maintenance of the intervention in Southern Mozam-
bique (Post-implementation phase).

Expected results of the research

1)	Make available a low-cost POC laboratory-backed diagnosis of cryptococcal infection for HIV-infected patients in study 
sites and eventually expand nationwide.

2)	Train laboratory technicians to perform microscopy to diagnose cryptococcal infection and interpret results.

3)	Raise awareness on the occurrence of cryptococcal infection among HIV-infected patients in the country and the pos-
sibility of performing an etiologic diagnosis of suspected cases by using a low-cost POC technique (which we expect to 
introduce nationwide)
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Study setting

This study will take place in six hospitals conveniently selected within Maputo and Gaza Provinces, in the southern part of 
Mozambique. The study sites are public hospitals, part of the National Health Services (NHS), that were selected because of 
their active engagement in the care and treatment of HIV/AIDS patients as well as due to the availability of microscopy test-
ing capacity in their clinical laboratories. In Maputo Province the following hospitals were selected: Maputo Central Hospital  
(MCH), Mavalane General Hospital (MGH), Jose Macamo General Hospital (JMGH), and Matola Provincial Hospital (MPH). 
In Gaza Province the following hospitals were selected: Xai-Xai Provincial Hospital (XPH) and Carmelo Hospital of Chók-
wè(CHC). The SPIRIT schedule and overall study process are shown in Figs 1 and 2.

Study design and conceptual framework

A mixed-methods study design will be utilized and guided by two conceptual frameworks, the Dynamic Adaptation 
Process (DAP) and the Reach, Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM). The study will 
be carried out in three phases (pre-implementation, adaptation and implementation, and post-implementation) (Fig 
3). The DAP framework was developed to provide the structure for an iterative process to guide, monitor, and evalu-
ate the introduction of a new intervention into practice [19,20]. The RE-AIM framework was developed to evaluate the 
intervention in terms of five domains (Reach, Effectiveness, Adoption, Implementation, and Maintenance) considered 
most relevant for real world intervention and to provide individual and organizational recommendations to enhance the 
healthcare program [21,22].

Pre-implementation phase.  During the pre-implementation phase (duration three months), we will first explore 
perceived barriers and opportunities, from clinicians and laboratory technicians, related to the roll-out of India Ink 

Fig 1.  The SPIRIT schedule of enrollment, intervention, and assessments.

https://doi.org/10.1371/journal.pone.0324792.g001

https://doi.org/10.1371/journal.pone.0324792.g001
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diagnosis of cryptococcosis on urine samples. This will be accomplished utilizing a semi-structured self-administered 
questionnaire as well as through in-depth interviews with clinicians and laboratory technicians at our study hospitals. 
In addition, we will conduct a baseline assessment of the implementation capacity of our study hospitals, exploring 
their overall laboratory capacity and available infrastructure, their consistency in maintaining laboratory stocks of 
materials and supplies to conduct microscopy, and their financial resources and other available logistic supports 
available.

Adaptation and implementation phase.  During the adaptation and implementation phase (duration nine months), 
initially will be conducted based on data gathered during the pre-implementation phase, the study team will conduct local 
stakeholder meetings with study facility staff to refine and adjust the content of the training packages offered as well as 
to refine and adjust the facility specific operational procedures for the implementation of India Ink microscopy, including 
coordination approaches between laboratory technicians and the HIV care clinicians. Subsequently, the study team will 
initiate training with the HIV care clinicians of our study hospitals related to the diagnosis and treatment of cryptococcosis, 
emphasizing diagnostic options such as India Ink microscopy on urine and interpretation of results. Additionally, training will 
take place with the laboratory technicians of our study hospitals on the conduct of India Ink microscopy procedures in the 
laboratory.

Once implementation begins at a given study site, continuous monitoring of intervention roll-out will occur such that 
ongoing adaptations can be made in real-time, as needed.

Finally, during the Post-Implementation Phase (duration three months) we will assess the intervention’s implementation 
at two levels: individual (healthcare providers) and organizational (hospitals and their healthcare system), using a modified 
RE-AIM framework (Fig 3). This study is being implemented as a pilot study with limitations in the length of time we can 
perform follow-up. As such, the maintenance domain of the RE-AIM framework will not be evaluated.

The RE-AIM domains by measure and data source to analyze implementation outcomes are shown in Table 1.

Fig 2.  The SPIRIT flow diagram. 

https://doi.org/10.1371/journal.pone.0324792.g002

https://doi.org/10.1371/journal.pone.0324792.g002
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Stepped-wedge trial approach and characteristics of study participants

Our intervention, the implementation of India ink microscopy on urine samples, will be rolled out using a stepped-wedge 
trial approach in six hospitals conveniently selected for this study. All six hospitals will be classified at start as being in the 
control condition (unexposed to the intervention), as currently none of them are implementing India Ink testing for crypto-
coccosis. Following the pre-implementation phase, we will roll-out the intervention sequentially by including a new facility 
each month until all six hospitals are covered (Table 2). The stepped-wedge design was chosen because of its inherent 
advantages for evaluating health interventions in low-resource settings [23–25]. These advantages include greater flex-
ibility in addressing logistical and infrastructural constraints, allowing for adaptations to be made based on initial roll-out 
experiences, as well as a gradual implementation that allows for: 1) better resource management, 2) health facilities that 
can serve as their own controls, and 3) ensuring that all facilities will eventually receive the intervention.

Study participants

The study will include two types of participants, namely: clinicians engaged in HIV/AIDS care and treatment; and lab-
oratory technicians who have been tasked with conducting laboratory diagnostic testing for cryptococcosis. During the 
pre-implementation phase, the eligible participants from across our six study facilities (67 clinicians and 31 laboratory 
technicians) will be informed about the study and how it will be carried out during all three phases in their health facilities. 
The research team will be responsible for obtaining the written informed consent from each participant enrolled in the 
study. Once enrolled, all healthcare professionals will be involved in all three phases of the study.

Will be excluded from the study the clinicians attending to pediatric patients; clinicians who are not engaged in HIV/AIDS 
care and treatment and the laboratory technicians who are not engaged in laboratory diagnostic testing for cryptococcosis.

Trial status

Recruitment of participants commenced on December 01, 2024, and will end on May 31, 2025.

Fig 3.  The Dynamic Adaptation Process and RE-AIM conceptual frameworks contextualized to this project.

https://doi.org/10.1371/journal.pone.0324792.g003

https://doi.org/10.1371/journal.pone.0324792.g003
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Intervention

Following completion of the pre-implementation phase assessments and local stakeholder adaptation meetings, each 
study facility will roll-out India Ink microscopy for cryptococcosis diagnosis as per the stepped-wedge design. Upon initia-
tion of implementation, HIV care clinicians allocated to intervention will identify suspected cryptococcosis patients based 
on clinical suspicion. Urine will be requested and submitted to the laboratory on the same day for microscopy testing using 
India Ink. Once at the laboratory, the urine sample will be analyzed by laboratory technicians trained in the diagnosis of 
cryptococcosis by the study (Fig 2). In order to standardize procedures across all laboratories of the study, the laboratory 
technicians will follow the same Standard Operating Procedure (SOP) for conducting the India Ink microscopy technique 
on urine samples that was designed specifically for this study.

Table 1.  RE-AIM domains by measure and data source.

RE-AIM 
dimension

RE-AIM- definition/ Description Measure Data source

Reach Scope of the intervention, including 
healthcare providers who benefited 
from the intervention, in each site.

-  Number of healthcare providers (clini-
cians and laboratory technicians) who 
attended the training;)
-  Number of services per site that have 
signed up to cryptococcosis diagnosis 
using urine;
-  Number of clinicians requesting a urine 
sample during cryptococcosis screening;

-  Review the clinical processes
-  Review the laboratory 
database.
-  short quantitative surveys 
(healthcare providers)

Effectiveness Outcomes (positive and negative) 
resulting from training, awareness, 
and the implementation of the India ink 
platform as a point-of-care for crypto-
coccosis screening.

-  Change in clinician’s behavior. In their 
routine they chose to make a etiological 
laboratory diagnosis instead of empirical 
treatment (abandonment of empirical 
treatment).
-  Number of times the clinician supported 
by the new diagnosis to assist their 
patients.
-  Clinician satisfaction (responses ranged 
from strongly disagree (1) to strongly 
agree (4).
   Type of tests requested by clinicians to 
diagnose cryptococcosis.
-  Number of urine specimens tested by 
the laboratory for cryptococcal disease.
-  Average laboratory response time

-  Review the clinical processes
-  Review the laboratory 
database.
-  Short quantitative surveys 
(healthcare providers)
-  Focal points (supervisors) 
checklist

Adoption The department or service in each 
hospital that has supported the 
intervention (outcomes represent the 
acceptability and representativeness of 
the intervention).

   Number of departments or services that:
-   Accepted and supported the India Ink 
platform using urine as a point-of-care for 
cryptococcal diagnosis in their services;
-   Supported the adjustment of sample 
and information flow for cryptococcosis 
diagnosis;
-   supported the introduction of guidelines 
for cryptococcosis diagnosis.

-  Review the clinical processes
-  Review the laboratory 
database.
-  Short quantitative surveys 
(healthcare providers)
-  Focal points (supervisors) 
checklist

Implementation Fidelity of healthcare providers in terms 
of the judgement, tools and resources 
used to manage cryptococcosis in their 
daily routine.

   Number of healthcare providers (clini-
cians and laboratory technicians) who 
attended the training, and during their 
routine work assisted patients suspected 
of having cryptococcosis based on the 
new diagnostic platform.

-  Review the training tools
-  Focal points (supervisors) 
checklist

https://doi.org/10.1371/journal.pone.0324792.t001

https://doi.org/10.1371/journal.pone.0324792.t001
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Microscopy results will be available on the same day and then transferred from the laboratory back to the clinician 
through the sample and information flow system that has been adapted for this study to enhance the interaction between 
clinicians and laboratory staff.

Data collection

We will collect quantitative data from direct observation and self-administered questionnaires. Direct observation will be 
used to assess the availability of the material and equipment for cryptococcoses diagnosis. Questionaries will be used to 
assess practices and clinical conduct regarding cryptococcoses diagnosis. The questionnaires will include close-ended 
questions designed to capture socio demographic information and the clinical approaches to cryptococcoses diagnosis.

Qualitative data will be collected through in-depth interviews to explore barriers and facilitators for the implementation 
of India ink microscopy on urine samples.

Interviews will be conducted with identified clinicians and laboratory technicians in a quiet, private location and will be 
audio recorded. Data saturation will be met at the point at which no new information or themes are observed [26].

Data to assess the adherence of healthcare providers to our intervention will be collected from the laboratory record 
book. The information to be collected includes urine requested for cryptococcosis diagnosis and who requested it.

Data management

We will design our data collection forms using a Research Electronic Data Capture (REDCap) database, a secure web-
based platform to collect, store, and analyze basic data from the desired population. Quantitative data obtained through 
direct observation and from self-administered questionnaires will be linked to REDCap and analyzed using the R studio 
statistical package.

The audio recordings will be transcribed word-for-word and subsequently coded. We will carry out quality control by 
comparing what has been transcribed with the audio recording to ensure that no information has been omitted or added. 
We will categorize and organize the data as an initial thematic analysis, allowing us to identify recurrent themes.

Quantitative and qualitative data will be stored and identified in REDCap with access to all study researchers and the 
REDCap Data Manager of the Faculty of Medicine of Eduardo Mondlane University.

Statistical analysis

Quantitative data analysis.  First, we will perform the descriptive statistics (demographic characteristics) of the 
participants such as mean or median age, and we will calculate the proportion of the following variables (human 
resources available in each site, gender, years of practice, physicians’ category, type of test requested/performed to 

Table 2.  Stepped-wedge design.

Sites Time

15 months

MCH C PI AD-I FU FU FU FU FU FU FU FU FU FU FU FU

MGH C C PI AD-I FU FU FU FU FU FU FU FU FU FU FU

JMGH C C C PI AD-I FU FU FU FU FU FU FU FU FU FU

MPH C C C C PI AD-I FU FU FU FU FU FU FU FU FU

XPH C C C C C PI AD-I FU FU FU FU FU FU FU FU

CHC C C C C C C PI AD-I FU FU FU FU FU FU FU

Note: C- Control; PI- Pre-implementation (baseline); AD-I- Adaptation & implementation; FU- Follow-up (Evaluation process)

https://doi.org/10.1371/journal.pone.0324792.t002

https://doi.org/10.1371/journal.pone.0324792.t002
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manage cryptococcal disease and microscopes available). We will also determine the reach of the training section (the 
proportion of clinicians and laboratory staff who benefited from training during the adaptation and implementation phase 
in each hospital. Second, we will use the chi-squared test to compare years in practice and category with the type of test 
requested. Third, the correlation will be used to assess the association between the variables: number of participants 
trained and the number of cryptococcal urine tests requested/performed during the intervention phase. Fourth, to explore 
1) the association between the clinician’s level of education or physicians’ category and treatment options (empirical or 
laboratory-based), and 2) the association between the patient’s clinical factors and the clinician’s decision related to the 
diagnosis and cryptococcoses treatment we will perform multivariate logistic regression.

We will use fixed effects models to analyse the overall effect of our strategy on the re-introduction of India ink testing as 
a laboratory diagnostic for cryptococcosis among HIV-infected patients[27]. To adjust for clustering and temporal trends, 
we will include the clusters (hospitals) as a categorical predictor and the time in months as a fixed effect in the model. 
To evaluate the opportunities for diagnosing and treating cryptococcosis among HIV-infected patients between the con-
trol condition and intervention periods, we will compare the outcomes of hospitals in the intervention condition with the 
outcomes of hospitals in the control condition within the same time period. We will also do the comparisons in the same 
hospital [28,29].

A p-value <0.05 will be considered significant level. Quantitative data analysis will be performed with the statistical 
software R version 4.4.1.

Qualitative analysis.  The participant’s information will be anonymized using the numbers and initials of their names. 
The qualitative data will be coded, and to analyze them, we will use Nvivo version 12, the qualitative software. All the 
audio recordings from the participants will be transcribed and coded using constructs compatible with the study objectives 
and implementation outcomes.

Triangulation between qualitative and quantitative data will be explored to identify areas of convergent and divergent 
responses.

Ethical considerations

The study has been reviewed and approved by the National Bioethics Committee for Health of Mozambique (Comité 
Nacional de Bioética para Saúde) 48/CNBS/23) and has also received administrative approval from the following hos-
pitals: MCH, MGH, JMGH, MPH, XPH, and CHC. All healthcare providers will write an informed consent form before 
answering the questionnaire and attending the interview. All participants have the right to withdraw from the study at any 
time.

However, the re-introduction of India ink microscopy on urine samples as an alternative diagnostic test for cryptococ-
cosis in HIV-infected patients are deemed a negligible risk to the participants (clinicians and laboratory technicians) who 
adopted the intervention, even for the patients who will be reached by the intervention, and therefore no compensation 
plan was put in place.

Discussion

Cryptococcosis is a life-threatening opportunistic fungal disease [30]. Early detection and management of cryptococcal 
infection among HIV-infected patients can prevent complications from disease and reduce mortality [6]. However, many 
challenges remain in the diagnosis and management of cryptococcosis in sub-Saharan Africa [1,13]. International proto-
cols for cryptococcal diagnosis among HIV-infected patients have promoted utilization of the CrAg diagnostic test due to 
its favorable sensitivity and specificity and its potential as a rapid POC diagnostic test. However, the reality in Mozambique 
has been that CrAG is not readily available, and the relatively simple microscopy technique has become a lost skill among 
most laboratory technicians. As a result, cryptococcal management has been based on clinical suspicion and subsequent 
empirical treatment.
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We propose the reintroduction of the India Ink microscopy technique on urine samples in patients suspected of hav-
ing cryptococcosis. The stepped-wedge design of our intervention roll-out will strengthen our results, through providing a 
scenario through which each site will serve as its own control and through which the study team can manage the limited 
resources for intervention roll-out. Additionally, by framing our work within the context of the DAP conceptual framework, 
roll-out of India Ink microscopy will be informed by stakeholder perceptions of barriers and opportunities and a baseline 
assessment of current facility capacity. The DAP framework then allows for continuous feedback and ability to implement 
adaptations throughout intervention implementation.

Overall, we expect that the findings from this study could be scaled to other health facilities in Mozambique. Further-
more, the findings of this study may be useful for other countries with resource-limited socio-economic and health system 
contexts such as Mozambique.

Limitations

The limitations of our study include the selection of physicians and specialists that more frequently engage in attending 
adult HIV-infected patients. In addition, our intervention requires expertise in microscopy management to provide the cor-
rect diagnosis and enhance clinical decision-making.

Potential bias could result from non-response to specific questions, once, the participants can answer to please their 
health facility and its managers.

Dissemination plans

The findings of this study will be discussed with all healthcare providers of our study sites, the scientific community, and 
the Ministry of Health. The findings will also be presented at scientific conferences and published in peer-reviewed inter-
national journals.

Supporting information

S1 File.  Approved protocol by ethics committee, Portuguese version. 
(DOCX)

S2 File.  SPIRIT fillable checklist. 
(PDF)

S3 File.  Translation approved protocol, English version. 
(DOCX)

Acknowledgments

The authors are grateful to the Partnership for Research in Implementation Science Mozambique (PRISM) team at both 
Eduardo Mondlane University and Tulane University for the administrative support provided for this research. In addition, 
we would like to acknowledge the mentorship provided by Professors Troy D. Moon, Jahit Sacarlal, and Mohsin Sidat for 
their support and guidance throughout the development of this manuscript.

Author contributions

Conceptualization: José C. Langa, Mohsin Sidat, Jahit Sacarlal, Troy D. Moon.

Data curation: José C. Langa, Mohsin Sidat, Jahit Sacarlal, Troy D. Moon.

Formal analysis: José C. Langa, Mohsin Sidat, Jahit Sacarlal, Troy D. Moon.

Funding acquisition: Mohsin Sidat, Troy D. Moon.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324792.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324792.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324792.s003


PLOS One | https://doi.org/10.1371/journal.pone.0324792  May 23, 2025 11 / 12

Investigation: José C. Langa, Mohsin Sidat, Jahit Sacarlal, Troy D. Moon.

Methodology: José C. Langa, Mohsin Sidat, Jahit Sacarlal, Troy D. Moon.

Project administration: José C. Langa, Mohsin Sidat, Jahit Sacarlal, Troy D. Moon.

Resources: Mohsin Sidat, Troy D. Moon.

Software: Troy D. Moon.

Supervision: José C. Langa, Jahit Sacarlal, Troy D. Moon.

Validation: Mohsin Sidat, Troy D. Moon.

Visualization: Troy D. Moon.

Writing – original draft: José C. Langa.

Writing – review & editing: José C. Langa, Mohsin Sidat, Jahit Sacarlal, Troy D. Moon.

References
	 1.	 Stott KE, Loyse A, Jarvis JN, Alufandika M, Harrison TS, Mwandumba HC, et al. Cryptococcal meningoencephalitis: time for action. Lancet Infect 

Dis. 2021;21(9):e259–71. https://doi.org/10.1016/S1473-3099(20)30771-4 PMID: 33872594

	 2.	 Rajasingham R, Smith RM, Park BJ, Jarvis JN, Govender NP, Chiller TM, et al. Global burden of disease of HIV-associated cryptococcal meningi-
tis: an updated analysis. Lancet Infect Dis. 2017;17(8):873–81. https://doi.org/10.1016/S1473-3099(17)30243-8 PMID: 28483415

	 3.	 Rajasingham R, Govender NP, Jordan A, Loyse A, Shroufi A, Denning DW, et al. The global burden of HIV-associated cryptococcal infection in 
adults in 2020: a modelling analysis. Lancet Infect Dis. 2022;22(12):1748–55. https://doi.org/10.1016/S1473-3099(22)00499-6 PMID: 36049486

	 4.	 Link A, Okwir M, Nabongo B, Meya D, Iribarren S, Bohjanen P, et al. Delays in cryptococcal meningitis diagnosis and care: a mixed methods study 
in rural Uganda. Ann Glob Health. 2022;88(1). https://doi.org/10.5334/aogh.3524

	 5.	 Limper AH, Adenis A, Le T, Harrison TS. Fungal infections in HIV/AIDS. Lancet Infect Dis. 2017;17(11):e334–43. https://doi.org/10.1016/S1473-
3099(17)30303-1 PMID: 28774701

	 6.	 WHO. Guidelines for the diagnosis, prevention and management of cryptococcal disease in HIV-infected adults, adolescents and children. 2018.

	 7.	 INSIDA. Inquerito nacional sobre o impacto do HIV e SIDA em Mocambique. 2021.

	 8.	 Sacarlal J, Denning DW. Estimated burden of serious fungal infections in Mozambique. J Fungi (Basel). 2018;4(3):75. https://doi.org/10.3390/
jof4030075 PMID: 29937480

	 9.	 Deiss R, Loreti CV, Gutierrez AG, Filipe E, Tatia M, Issufo S, et al. High burden of cryptococcal antigenemia and meningitis among patients pre-
senting at an emergency department in Maputo, Mozambique. PLoS One. 2021;16(4):e0250195. https://doi.org/10.1371/journal.pone.0250195 
PMID: 33901215

	10.	 Petti CA, Polage CR, Quinn TC, Ronald AR, Sande MA. Laboratory medicine in Africa: a barrier to effective health care. Clin Infect Dis. 
2006;42(3):377–82. https://doi.org/10.1086/499363 PMID: 16392084

	11.	 Amexo M, Tolhurst R, Barnish G, Bates I. Malaria misdiagnosis: effects on the poor and vulnerable. Lancet. 2004;364(9448):1896–8. https://doi.
org/10.1016/S0140-6736(04)17446-1 PMID: 15555670

	12.	 Makani J, Matuja W, Liyombo E, Snow RW, Marsh K, Warrell DA. Admission diagnosis of cerebral malaria in adults in an endemic area of Tanza-
nia: implications and clinical description. QJM. 2003;96(5):355–62. https://doi.org/10.1093/qjmed/hcg059 PMID: 12702784

	13.	 Lakoh S, Kamudumuli PS, Penney ROS, Haumba SM, Jarvis JN, Hassan AJ, et al. Diagnostic capacity for invasive fungal infections in advanced 
HIV disease in Africa: a continent-wide survey. Lancet Infect Dis. 2023;23(5):598–608. https://doi.org/10.1016/S1473-3099(22)00656-9 PMID: 
36565714

	14.	 Rajasingham R, Wake RM, Beyene T, Katende A, Letang E, Boulware DR. Cryptococcal meningitis diagnostics and screening in the era of point-
of-care laboratory testing. J Clin Microbiol. 2019;57(1):e01238-18. https://doi.org/10.1128/JCM.01238-18 PMID: 30257903

	15.	 Boulware DR, Rolfes MA, Rajasingham R, von Hohenberg M, Qin Z, Taseera K, et al. Multisite validation of cryptococcal antigen lateral flow assay 
and quantification by laser thermal contrast. Emerg Infect Dis. 2014;20(1):45–53. https://doi.org/10.3201/eid2001.130906 PMID: 24378231

	16.	 Kambugu A, Meya DB, Rhein J, O’Brien M, Janoff EN, Ronald AR, et al. Outcomes of cryptococcal meningitis in Uganda before and after the avail-
ability of highly active antiretroviral therapy. Clin Infect Dis. 2008;46(11):1694–701. https://doi.org/10.1086/587667 PMID: 18433339

	17.	 Jarvis JN, Percival A, Bauman S, Pelfrey J, Meintjes G, Williams GN, et al. Evaluation of a novel point-of-care cryptococcal antigen test on serum, 
plasma, and urine from patients with HIV-associated cryptococcal meningitis. Clin Infect Dis. 2011;53(10):1019–23. https://doi.org/10.1093/cid/
cir613 PMID: 21940419

https://doi.org/10.1016/S1473-3099(20)30771-4
http://www.ncbi.nlm.nih.gov/pubmed/33872594
https://doi.org/10.1016/S1473-3099(17)30243-8
http://www.ncbi.nlm.nih.gov/pubmed/28483415
https://doi.org/10.1016/S1473-3099(22)00499-6
http://www.ncbi.nlm.nih.gov/pubmed/36049486
https://doi.org/10.5334/aogh.3524
https://doi.org/10.1016/S1473-3099(17)30303-1
https://doi.org/10.1016/S1473-3099(17)30303-1
http://www.ncbi.nlm.nih.gov/pubmed/28774701
https://doi.org/10.3390/jof4030075
https://doi.org/10.3390/jof4030075
http://www.ncbi.nlm.nih.gov/pubmed/29937480
https://doi.org/10.1371/journal.pone.0250195
http://www.ncbi.nlm.nih.gov/pubmed/33901215
https://doi.org/10.1086/499363
http://www.ncbi.nlm.nih.gov/pubmed/16392084
https://doi.org/10.1016/S0140-6736(04)17446-1
https://doi.org/10.1016/S0140-6736(04)17446-1
http://www.ncbi.nlm.nih.gov/pubmed/15555670
https://doi.org/10.1093/qjmed/hcg059
http://www.ncbi.nlm.nih.gov/pubmed/12702784
https://doi.org/10.1016/S1473-3099(22)00656-9
http://www.ncbi.nlm.nih.gov/pubmed/36565714
https://doi.org/10.1128/JCM.01238-18
http://www.ncbi.nlm.nih.gov/pubmed/30257903
https://doi.org/10.3201/eid2001.130906
http://www.ncbi.nlm.nih.gov/pubmed/24378231
https://doi.org/10.1086/587667
http://www.ncbi.nlm.nih.gov/pubmed/18433339
https://doi.org/10.1093/cid/cir613
https://doi.org/10.1093/cid/cir613
http://www.ncbi.nlm.nih.gov/pubmed/21940419


PLOS One | https://doi.org/10.1371/journal.pone.0324792  May 23, 2025 12 / 12

	18.	 Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, et al. SPIRIT 2013 statement: defining standard protocol items for 
clinical trials. Ann Intern Med. 2013;158(3):200–7. https://doi.org/10.7326/0003-4819-158-3-201302050-00583 PMID: 23295957

	19.	 Aarons GA, Green AE, Palinkas LA, Self-Brown S, Whitaker DJ, Lutzker JR, et al. Dynamic adaptation process to implement an evidence-based 
child maltreatment intervention. Implement Sci. 2012;7:32. https://doi.org/10.1186/1748-5908-7-32 PMID: 22512914

	20.	 Gunderson LM, Shattuck DG, Green AE, Vitous CA, Ramos MM, Willging CE. Amplification of school-based strategies resulting from the appli-
cation of the dynamic adaptation process to reduce sexual and gender minority youth suicide. Implement Res Pract. 2021;2:2633489520986214. 
https://doi.org/10.1177/2633489520986214 PMID: 35224500

	21.	 Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of health promotion interventions: the RE-AIM framework. Am J Public 
Health. 1999;89(9):1322–7. https://doi.org/10.2105/ajph.89.9.1322 PMID: 10474547

	22.	 Jilcott S, Ammerman A, Sommers J, Glasgow RE. Applying the RE-AIM framework to assess the public health impact of policy change. Ann Behav 
Med. 2007;34(2):105–14. https://doi.org/10.1007/BF02872666 PMID: 17927550

	23.	 Hemming K, Taljaard M, Marshall T, Goldstein CE, Weijer C. Stepped-wedge trials should be classified as research for the purpose of ethical 
review. Clin Trials. 2019;16(6):580–8. https://doi.org/10.1177/1740774519873322 PMID: 31818147

	24.	 Hemming K, Haines TP, Chilton PJ, Girling AJ, Lilford RJ. The stepped wedge cluster randomised trial: rationale, design, analysis, and reporting. 
BMJ. 2015;350:h391. https://doi.org/10.1136/bmj.h391 PMID: 25662947

	25.	 Tugwell P, Knottnerus JA. Stepped wedge designs are coming of age in clinical epidemiology. J Clin Epidemiol. 2019;107:vi–viii. https://doi.
org/10.1016/j.jclinepi.2019.02.013 PMID: 30857617

	26.	 Guest G, Bunce A, Johnson L. How many interviews are enough?: an experiment with data saturation and variability. Field Methods. 
2006;18(1):59–82. https://doi.org/10.1177/1525822x05279903

	27.	 McNeish D, Stapleton LM. Modeling clustered data with very few clusters. Multivariate Behav Res. 2016;51(4):495–518. https://doi.org/10.1080/00
273171.2016.1167008 PMID: 27269278

	28.	 Thompson JA, Fielding KL, Davey C, Aiken AM, Hargreaves JR, Hayes RJ. Bias and inference from misspecified mixed-effect models in stepped 
wedge trial analysis. Stat Med. 2017;36(23):3670–82. https://doi.org/10.1002/sim.7348 PMID: 28556355

	29.	 Hargreaves JR, Copas AJ, Beard E, Osrin D, Lewis JJ, Davey C, et al. Five questions to consider before conducting a stepped wedge trial. Trials. 
2015;16:350. https://doi.org/10.1186/s13063-015-0841-8 PMID: 26279013

	30.	 Wang F, Wang Y, He J, Cheng Z, Wu S, Wang M, et al. Clinical characteristics and risk factors for mortality in cryptococcal meningitis: evidence 
from a cohort study. Front Neurol. 2022;13:779435. https://doi.org/10.3389/fneur.2022.779435 PMID: 35572932

https://doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/pubmed/23295957
https://doi.org/10.1186/1748-5908-7-32
http://www.ncbi.nlm.nih.gov/pubmed/22512914
https://doi.org/10.1177/2633489520986214
http://www.ncbi.nlm.nih.gov/pubmed/35224500
https://doi.org/10.2105/ajph.89.9.1322
http://www.ncbi.nlm.nih.gov/pubmed/10474547
https://doi.org/10.1007/BF02872666
http://www.ncbi.nlm.nih.gov/pubmed/17927550
https://doi.org/10.1177/1740774519873322
http://www.ncbi.nlm.nih.gov/pubmed/31818147
https://doi.org/10.1136/bmj.h391
http://www.ncbi.nlm.nih.gov/pubmed/25662947
https://doi.org/10.1016/j.jclinepi.2019.02.013
https://doi.org/10.1016/j.jclinepi.2019.02.013
http://www.ncbi.nlm.nih.gov/pubmed/30857617
https://doi.org/10.1177/1525822x05279903
https://doi.org/10.1080/00273171.2016.1167008
https://doi.org/10.1080/00273171.2016.1167008
http://www.ncbi.nlm.nih.gov/pubmed/27269278
https://doi.org/10.1002/sim.7348
http://www.ncbi.nlm.nih.gov/pubmed/28556355
https://doi.org/10.1186/s13063-015-0841-8
http://www.ncbi.nlm.nih.gov/pubmed/26279013
https://doi.org/10.3389/fneur.2022.779435
http://www.ncbi.nlm.nih.gov/pubmed/35572932

