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ABSTRACT
Introduction Cryptococcal meningitis is a common 
fungal opportunistic infection and a leading cause of death 
among people with advanced HIV disease in sub- Saharan 
Africa. The WHO recommends cryptococcal antigen (CrAg) 
screening followed by pre- emptive therapy to prevent 
cryptococcal meningitis and death in this population. In 
2016, South Africa was the first country to implement 
reflexive laboratory CrAg screening nationally. The 
Cryptococcal Antigen Screen- and- Treat National Evaluation 
Team (CAST- NET) aims to evaluate the effectiveness of 
this national screening programme to optimise health 
outcomes.
Methods and analysis The CAST- NET study consists of 
two integrated parts: a retrospective cohort study and a 
cluster- randomised trial (CRT). The retrospective cohort 
study will determine 6- month cryptococcal meningitis- 
free survival among CrAg- positive patients. Secondary 
outcomes include the proportion of CrAg- positive results 
noted for action in the CrAg- positive patient chart, the 
proportion of CrAg- positive patients offered and accept/
decline a lumbar puncture, the proportion of CrAg- positive 
patients prescribed antifungal therapy and the proportion 
of CrAg- positive patients who have antiretroviral therapy 
initiated or reinitiated at an appropriate time according 
to South African national guidelines. Cohort data will be 
analysed by the type of facility (ie, hospital vs primary 
health clinic) at which the patient was diagnosed with 
antigenaemia. The CRT will determine if the appointment 
and mentoring of a healthcare worker, or ‘crypto 
champion’, at intervention facilities is associated with a 
higher proportion of CrAg- positive persons initiating pre- 
emptive fluconazole therapy. Secondary outcomes will 
include 6- month cryptococcal meningitis- free survival 
and the proportion prescribed fluconazole maintenance 
treatment.
Ethics and dissemination Ethics approvals were 
received from the University of the Witwatersrand Human 
Research Ethics Committee (Medical), the University of 
KwaZulu- Natal Biomedical Research Ethics Committee 
and the University of Pretoria Faculty of Health Sciences 

Research Ethics Committee. Study results will be 
disseminated to the South African Department of Health 
and participating facilities through peer- reviewed 
publications and reports.

INTRODUCTION
Cryptococcal meningitis (CM) is a common 
fungal opportunistic infection and is, after 
tuberculosis (TB), a leading cause of death 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The study will evaluate South Africa’s national 
cryptococcal antigen (CrAg) screening programme 
in two interlocking parts: (1) a retrospective cohort 
study which will identify programmatic gaps in the 
clinical management of CrAg- positive patients, and 
(2) a cluster- randomised trial (CRT) which will eval-
uate the effect of a facility- level intervention to ad-
dress identified programmatic gaps on initiation of 
antifungal treatment among CrAg- positive patients.

 ⇒ The overall design of this evaluation study is ef-
ficient because we will use the same methods to 
determine the outcomes in both the retrospective 
cohort and CRT.

 ⇒ Data quality and completeness is quality checked 
prior to abstraction by trained medical staff; identi-
fied gaps and missing data can be queried through 
targeted investigations during repeat rounds of data 
collection.

 ⇒ Patient outcome data from charts will be supple-
mented with routine data from alternative sources 
(eg, national death registers).

 ⇒ Retrospective chart review has the potential for 
selection and information biases as not all patient 
charts will be found, found charts may be incom-
plete and abstraction of patient charts by medical 
professionals is subject to information bias due to 
heterogeneity in interpretation.
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among people living with advanced HIV disease in 
sub- Saharan Africa. Cryptococcus neoformans is the most 
common cause of meningitis among adults in South 
Africa, more common than bacterial meningitis.1 2 The 
annual global burden of CM was estimated to be 223 100 
cases in 2014, with an estimated 181 100 (81%) deaths 
(95% CI 119 400 to 234 300), of which approximately 
75% occurred in sub- Saharan Africa.3

Despite now- universal access to antiretroviral therapy 
(ART) in South Africa, with approximately 4.65 million 
people living with HIV on ART in 2019, the incidence 
of cryptococcal disease has only minimally decreased 
based on national surveillance.4 From 2018 to 2019, the 
incidence of laboratory- confirmed cryptococcal disease 
remained stable at 88 cases per 100 000 HIV- infected 
persons. In the Eastern Cape, Northern Cape and North 
West provinces, the incidence risk of cryptococcal disease 
increased from 2018 to 2019.5 Thus, cryptococcal disease 
is still a public health problem in South Africa.

CM substantially contributes to mortality among patients 
starting ART with advanced HIV disease. Between 8% and 
26% of patients starting ART with advanced HIV disease 
die during the first year of treatment, with most deaths 
occurring during the first few months of ART.6–8 ART 
initiation can also be dangerous for ART- naïve patients 
with advanced HIV disease and CM. A randomised clin-
ical trial demonstrated a twofold higher risk of mortality 
when ART was initiated before the completion of CM 
induction therapy versus deferring ART initiation until 
4–6 weeks after CM diagnosis.9

In 2011, the WHO recommended screening asymptom-
atic HIV- seropositive persons with a CD4 count of <100 
cells x 106/L for cryptococcal antigenaemia and then 
pre- emptively treating those with a positive cryptococcal 
antigen (CrAg) test with fluconazole. In 2018, the WHO 
conditionally recommended CrAg screening and pre- 
emptive treatment for all patients with a CD4 count of 
<200 cells x 106/L .10 A randomised clinical trial primarily 

informed this WHO recommendation.11 In the trial, 
CrAg screening and 4 weeks of ART adherence support 
resulted in a 28% relative reduction in 12- month mortality 
among persons with a CD4 count of <200 cells x 106/L.11 
Within South Africa, reflexive laboratory CrAg screening 
is preferred to provider- initiated CrAg screening due to 
its expedited result delivery to combat loss to follow- up 
and proven cost- effectiveness.12

In 2016, with the support of the South African National 
Department of Health (NDOH), the National Health 
Laboratory Service (NHLS) implemented national 
reflexive laboratory CrAg screening of all persons with a 
CD4 count of <100 cells x 106/L. To ensure the success 
of the CrAg screening and treatment programme, the 
following steps in the cascade of care should be optimised. 
CrAg screening among eligible people with advanced 
HIV disease must be maximised. All CrAg results must 
be returned to medical charts and acted on by clinicians. 
A lumbar puncture (LP) must be performed to exclude 
CM. CrAg- positive persons must be prescribed and 
complete fluconazole therapy and initiate or reinitiate 
ART if interrupted.

METHODS AND ANALYSIS
Study design
The Cryptococcal Antigen Screen- and- Treat National 
Evaluation Team (CAST- NET) study consists of two 
integrated parts: a retrospective cohort study and a 
cluster- randomised trial (CRT). Data will be collected by 
retrospective chart imaging/abstraction and other routine 
data sources to measure and analyse outcomes of interest 
among CrAg- positive patients meeting study inclusion 
criteria. These analyses will be used to identify program-
matic gaps and develop an intervention for the CRT. The 
CRT draws from the same random sample of subdistricts, 
and all healthcare facilities within these subdistricts, as 
the retrospective cohort study (figure 1). Staff training 

Figure 1 Integration of the retrospective cohort study and cluster- randomised trial within the Cryptococcal Antigen Screen- 
and- Treat National Evaluation Team (CAST- NET) study. CrAg, cryptococcal antigen.
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and processes established during data collection for the 
retrospective cohort study will be reused within the CRT 
expediting data collection. Through these integrated 
parts, the CAST- NET study will aim to evaluate the effec-
tiveness of this national screening programme. Inclusion 
criteria will be the same for both the retrospective cohort 
study and the CRT. Study participants must be HIV sero-
positive with a CD4 count of <100 cells x 106/L, aged >18 
years, have no history of cryptococcal disease, have a posi-
tive cryptococcal blood antigen test and seeking care at 
a public healthcare facility within one of the randomly 
selected subdistricts included in the study. The retrospec-
tive cohort will include all CrAg- positive reflex results 
between 1 February 2017 and 28 February 2019. The CRT 
has a 12- month study enrolment period starting from 1 
March 2021 through 1 March 2022.

Part 1: retrospective cohort study
Sample
The theoretical sampling population will consist of all 
patients accessing healthcare through the South African 
public health service. Subdistricts will be the primary 
sampling unit as they are the lowest level of govern-
mental public health management and represent a 
small geographical grouping of healthcare facilities and 
attending patients. Subdistricts will be ranked by socio-
economic tertiles derived from the South African census 
poverty head count.13 A random sample of 27 of South 

Africa’s 246 subdistricts, 9 subdistricts from each of the 
3 socioeconomic tertiles, and 468 enclosed facilities, 
excluding correctional, mental health, mobile, armed 
service and elderly care, will be chosen for the effective-
ness evaluation (figure 2).13 All attending patients with 
blood samples submitted to an NHLS CD4 laboratory and 
who meet the inclusion criteria will be enrolled in the 
study.

Sample size calculation
The sample size will be dependent on the number of 
persons who are screened for CrAg nationally during the 
study period. There is no intervention assigned within 
the retrospective cohort study. The goal is to establish 
baseline figures for the South African national screening 
programme. We know that in four districts in Gauteng 
and Free State provinces, 50 000 persons had a CD4 
count of <100 cells x 106/L of whom 3% tested positive 
for cryptococcal antigenaemia between September 2012 
and September 2015.14 Expert opinion estimates there 
will be between 14 000 and 17 000 asymptomatic CrAg- 
positive cases and between 6000 and 8000 symptomatic 
cases of CM nationally each year.

Outcomes measured
The primary outcome measured is 6- month CM- free 
survival among enrolled CrAg- positive patients. Secondary 
outcomes include the proportion of CrAg- positive patient 

Figure 2 Subdistricts and facilities by type included in the Cryptococcal Antigen Screen- and- Treat National Evaluation Team 
(CAST- NET) retrospective cohort study.
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results that are noted for action in the patient chart, the 
proportion of CrAg- positive patients offered and accept/
decline an LP, the proportion of CrAg- positive patients 
prescribed antifungal therapy and the proportion of 
CrAg- positive patients initiating or reinitiating ART 
at an appropriate time as per South African national 
guidelines.4

Data analysis plan
The analysis plan for data will consist of a descrip-
tive cohort analysis comparing primary and secondary 
outcomes at provincial and national levels as well as by 
important exposures such as facility type (hospital vs 
primary health clinic). Baseline patient demographics will 
also be summarised. Patient demographics will include 
age, gender, CD4 count at time of reflex CrAg testing and 
ART status (naïve vs experienced).

Part 2: cluster-randomised trial
Sample
For the CRT, we will take a simple random sample of eight 
subdistricts, containing at least 10 facilities, included in 

the retrospective cohort study (figure 3). Of these eight 
subdistricts, all facilities with at least one CrAg- positive 
patient expected over a 6- month time interval will be 
randomly assigned a number. Using a random number 
generator, facilities will be assigned to either the control 
or intervention arm and placed in consecutive order. Five 
facilities will be randomised to the control arm. Facilities 
will be assigned to the intervention arm and invited to 
participate in the study until the five facilities per subdis-
trict quota is met. All study staff except for the biostat-
istician, project manager, principal investigator and 
administrators contacting the facilities will be blinded to 
the randomisation until the final intervention facilities 
are confirmed.

Sample size calculation
For the CRT, the power and sample size depend on the 
average number of patients per cluster, in this case, the 
facility, and the assumed intracorrelation coefficient 
(ICC). Early interim screening data showed that 56% of 
patients were appropriately prescribed fluconazole and 

Figure 3 Subdistricts and facilities included in the Cryptococcal Antigen Screen- and- Treat National Evaluation Team (CAST- 
NET) cluster- randomised trial.
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that an average of 8.1 (95% CI 7.0 to 9.24) patients with 
a CD4 count of <100 cells x 106/L and a positive CrAg 
test presented per facility over the enrolment period, 1 
February 2017 to 28 February 2019. The ICC is estimated 
at 0.03 based on expert opinion.15 An estimated average 
of six patients with a CD4 count of <100 cells x 106/L and 
a positive CrAg test will present per facility over the 1- year 
study enrolment period. Each study arm will have 40 facil-
ities, leading to a total of 80 facilities and 480 patients. 
This sample size provides 85% power to detect a 14% 
improvement in the proportion prescribed fluconazole 
in the intervention arm with a two- sided alpha of 0.05.

Intervention measured
The CRT will aim to determine if a facility- level inter-
vention is associated with a higher proportion of CrAg- 
positive persons initiated on pre- emptive fluconazole 
therapy. The control will be the standard of care as stated 
by the national guidelines.4 16 The intervention will be 
the informal appointment and mentoring of a healthcare 
worker dubbed a ‘crypto champion’ to take ownership of 
the CrAg screen and treat programme within their facility. 
We hypothesise that the crypto champions will increase 
the proportion of CrAg- positive persons initiated on pre- 
emptive fluconazole therapy through the identification, 
investigation and resolution of gaps within the cascade 
of care.

The crypto champion will be a permanent employee 
based at the facility willing to take on this informal volun-
tary role in addition to their usual duties with no formal 
remuneration. They will have a fairly senior rank in the 
clinic (eg, professional nurse/pharmacist), have the 
support of managers to take on this role, be a present 
and reliable clinic employee (eg, history of good work 
and attendance) and be able to prescribe fluconazole. 
The primary function of the crypto champion will be 
to take ownership of CrAg screening and pre- emptive 
treatment in the clinic improving fluconazole initiation 
among CrAg- positive persons. Their responsibility will 
be to ensure CD4 testing of HIV- infected persons re/
entering care, placement of positive CrAg laboratory 
results in patient charts, communication of follow- up 
dates for CrAg- positive patients, hospital referral for an 
LP and prescription of fluconazole.

To ensure fidelity across intervention facilities, the 
crypto champions will be given in- service training on 
treatment of persons with advanced HIV disease and 
cryptococcal disease, real- time access to a clinician with 
experience treating patients with cryptococcal disease 
and linkage to community and patient HIV care advocate 
groups. Crypto champions will use a checklist to track 
patient movement through the crypto cascade ensuring 
full adherence to national/provincial guidelines while 
decreasing loss to follow- up (figure 4). Crypto champions 
will report key indicators set by the study team on a weekly 
basis. Assistance will be provided to crypto champions not 
meeting indicator targets. Non- monetary incentives will 

be provided, such as sponsored attendance of a confer-
ence or additional training courses.

Outcomes measured
The primary outcome measured is the proportion of CrAg- 
positive patients initiated on pre- emptive fluconazole 
therapy across both study arms. Secondary outcomes 
include the proportion of patients with 6- month CM- free 
survival and the proportion of patients prescribed fluco-
nazole maintenance treatment across both study arms.

Data analysis plan
Analysis of data from the CRT will summarise the number 
and characteristics of each clinic by treatment group. Base-
line clinic characteristics will include subdistrict, location 
(urban or rural) and clinic type. Baseline demographics 
will also be summarised for patients within each treatment 
group. Individual- level logistic regression appropriate for 
CRTs (hierarchical models) will be used to compare the 
two randomised groups for the primary and secondary 
outcomes. Odds ratios (intervention compared with stan-
dard of care) and 95% CIs will be cited. The intraclinic 
correlation coefficient will be reported for the primary 
outcome.

Data sources
The retrospective cohort study and the CRT draw from 
the same data sources. All reflex CrAg- positive test results 
performed on remnant bloods from CD4 laboratories will 
be accessed from the National Institute for Communicable 
Diseases (NICD) surveillance data warehouse (SDW) and 
deduplicated to patient level creating a primary patient 
list. Patients meeting inclusion criteria will be included in 
the study. Prior crypto will be assessed in two ways; first, we 
will pull all laboratory test results based on SDW’s unique 
patient ID for the prospective participant and ensure no 
prior CM or antigenaemia- positive results. We will then 
look up the patient in GERMS- SA, an active NICD surveil-
lance system, with reporting from approximately 200 clin-
ical microbiology laboratories across public and private 
sectors, that captures patients with CM, cryptococcaemia 
(positive cryptococcal blood cultures) and culture- positive 
disease at other sites, but excludes cases of cryptococcal 
antigenaemia.5 17 Additional data sets will be accessed 
to support chart finding at facilities such as Tier.Net, a 
non- networked electronic register capturing patient- 
level HIV data at facility level. Since 2010, Tier.Net has 
been the primary monitoring platform for South Africa’s 
national ART programme. TIER.Net has incrementally 
expanded capturing patient- level HIV, ART, pre- ART and 
TB data. Its integration with the District Health Informa-
tion System enables reporting from subdistrict to national 
levels.17 TIER.Net will be used to track treatment, facility 
attendance, and to bolster patient chart finding. We will 
also merge in data from a Department of Home Affairs 
death register, consisting of patient deceased status and 
deceased date, to ascertain and validate the outcome of 
6- month survival post- CrAg specimen taken date.
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Data management
For both the retrospective cohort and CRT, the collection 
and abstraction of primary source data will be managed 
through an electronic data capture system, REDCap. 
REDCap will host instruments capturing the progression 

of data collection across multiple rounds and data abstrac-
tion. A standard clinical case report form (CRF) designed 
by study staff will be created in REDCap to capture key 
information on patient outcomes. Automated reports 
will be run from REDCap enabling the tracking of data 

Figure 4 Crypto champion checklist for new cryptococcal antigen (CrAg)- positive test results. ART, antiretroviral therapy; LP, 
lumbar puncture.
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collection progress, chart finding proportions by facility, 
management and reimaging of blurred images and ratio-
nale for charts not found/qualification of missing data. 
To ensure patient confidentiality, a participant ID will 
be assigned to each patient. All patient identifiers within 
their medical records will be redacted, or covered, by data 
collection staff prior to chart imaging. Imaged patient 
charts displaying patient- identifying information will be 
flagged within REDCap and digitally redacted by the data 
manager. Quality control procedures validating data set 
merges, clarity of chart imaging and measurement of key 
indicators such as number of tests and patients included 
in the study will be carefully assessed by the NICD as the 
study progresses. All data will be hosted on a secure cloud- 
based storage system with data ownership solely retained 
by NICD and the University of Minnesota. Manual 
backups onto a secure password- protected external hard 
drive will be performed regularly throughout data collec-
tion. Imaged patient charts will be renamed to simply 
convey a patient identification number, where the chart 
was located, and when data were collected. The CRF will 
be completed for each patient within REDCap leading 
to the creation of a data set that will be cleaned, quality 
checked and exported for analysis. Imaged patient charts 
and all other data produced by the study will be retained 
for a period of 5 years before deletion in line with ethics 
and best practice guidelines.

Data collection
The method of data collection for both the retrospective 
cohort and CRT is chart imaging and abstraction. Patient 
charts will be accessed and imaged by trained data collec-
tion teams and abstraction will be carried out by clinicians. 
The benefit of this data collection methodology is that 
data can be collected at numerous facilities simultane-
ously, key outcomes of treatment initiation and 6- month 
survival can be captured simultaneously and missing data 
can be queried through repeated rounds of facility visits. 
Data collection for the retrospective cohort will be more 
resource intensive than the CRT as 468 facilities from 27 
subdistricts will be enrolled compared with 80 facilities 
from eight subdistricts in the CRT. Facility and healthcare 
worker surveys will be administered at each facility during 
the retrospective cohort study to identify facility- level 
gaps in CrAg screening, to highlight differences between 
facilities nationwide and to qualify missing data.

Data collection for retrospective chart review is 
expected to be complex and laborious because of the 
paper- based medical record system used in South Afri-
ca’s public sector. Retrospective chart review requires 
locating charts, the redaction of personal information 
and imaging. Each facility has different organisational 
protocols and resource limitations leading to difficulty 
locating charts. The aim of the data collection team’s 
primary facility visit will be to introduce the study and 
gain support from the management, identify and estab-
lish rapport with key facility staff and image easy- to- locate 
patient charts. To mitigate selection bias, additional 

rounds of data collection will be required for facilities 
with chart- finding percentages below 80%.

During repeat data collection visits, a facility- specific 
report on CrAg screening and CAST- NET chart finding 
will be provided to facility managers. Further engage-
ment and support from facility managers into locations 
of unfound patient charts will be required to increase 
chart finding. If necessary, patient lists will be revised to 
match the facility- specific organisational systems. Patient 
death and ART treatment registers will be used in the 
retrieval of records for patients who are deceased or have 
defaulted on ART. Alternative locations highlighted by 
facility staff and management, such as wards and clinics 
within hospitals, will be examined. Throughout the study, 
data collection teams will be repeatedly trained on best 
practice methodologies to increase patient chart finding.

Patient charts will be imaged by data collection teams at 
the facility in which they are found. All patient identifiers 
will be covered prior to imaging, except a study- specific 
patient identifier. A batch imaging programme will be 
used to combine all imaged pages within a patient record 
into one electronic document. Hard copy patient charts 
will be returned to facility staff and refiled once imaging 
is complete. Hard copy patient charts will never leave the 
facility. The electronic copy of the patient chart will be 
uploaded to a secure cloud- based storage system. Quality 
checks will be performed to reorient pages, redact missed 
patient identifiers and save batched images as PDF files. 
Quality- checked patient charts will be copied to a final 
images folder to be accessed for abstraction. Data collec-
tion progress will be captured electronically in real time 
using REDCap data collection instruments.

Patient and public involvement
There is no patient involvement.

ETHICS AND DISSEMINATION
The study protocol is approved by the University of the 
Witwatersrand Human Research Ethics Committee 
(Medical), the University of KwaZulu- Natal Biomedical 
Research Ethics Committee and the University of Pretoria 
Faculty of Health Sciences Research Ethics Committee. 
There is no interface with patients and data are collected 
retrospectively; therefore, individual informed consent 
is not required. All patient- identifying information such 
as patient name, national ID, date of birth, contact 
information and all information pertaining to contacts 
will be redacted prior to abstraction of patient informa-
tion. Targeted reports will be generated for Department 
of Health as well as for each facility included in the 
CAST- NET study. Results will be disseminated through 
peer- reviewed papers as well as conferences.
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