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Abstract

Background

Cryptococcal meningitis is a leading cause of HIV-related mortality in sub-Saharan Africa,
however, screening for cryptococcal antigenemia has not been universally implemented. As
a result, data concerning cryptococcal meningitis and antigenemia are sparse, and in
Mozambique, the prevalence of both are unknown.

Methods

We performed a retrospective analysis of routinely collected data from a point-of-care cryp-
tococcal antigen screening program at a public hospital in Maputo, Mozambique. HIV-posi-
tive patients admitted to the emergency department underwent CD4 count testing; those
with pre-defined abnormal vital signs or CD4 count < 200 cells/pL received cryptococcal
antigen testing and lumbar punctures if indicated. Patients with CM were admitted to the
hospital and treated with liposomal amphotericin B and flucytosine; their 12-week outcomes
were ascertained through review of medical records or telephone contact by program staff
made in the routine course of service delivery.

Results

Among 1,795 patients screened for cryptococcal antigenemia between March 2018—
March 2019, 134 (7.5%) were positive. Of patients with cryptococcal antigenemia, 96
(71.6%) were diagnosed with CM, representing 5.4% of all screened patients. Treatment
outcomes were available for 87 CM patients: 24 patients (27.6%) died during induction treat-
ment and 63 (72.4%) survived until discharge; of these, 38 (60.3%) remained in care, 9
(14.3%) died, and 16 (25.3%) were lost-to follow-up at 12 weeks.
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Conclusions

We found a high prevalence of cryptococcal antigenemia and meningitis among patients
screened at an emergency department in Maputo, Mozambique. High mortality during and
after induction therapy demonstrate missed opportunities for earlier detection of cryptococ-
cal antigenemia, even as point-of-care screening and rapid assessment in an emergency
room offer potential to improve outcomes.

Introduction

Cryptococcal meningitis (CM) is a leading cause of HIV-related mortality, causing approx-
imately 223,000 deaths annually and also accounting for 15% of all AIDS-related deaths
[1]. In Mozambique, where HIV prevalence among adults (12.6%) is eighth highest in the
world, approximately 54,000 people die from AIDS-related illnesses each year [2]. Further-
more, Mozambique has the third-highest global incidence of CM, with an estimated
18,300 cases annually [1]. Data supporting these estimates, however, are sparse, and there
are no published laboratory-based surveys of cryptococcal antigenemia (CrAg) in
Mozambique.

A number of factors contribute to the high mortality of CM. At a treatment level, these
include poor access to effective amphotericin-based treatment regimens, inadequate monitor-
ing of drug toxicity and difficulties in the management of elevated intracranial pressure (ICP).
In sub-Saharan Africa, laboratory capacity is frequently insufficient for the burden of disease
and is further hampered by the lack of available rapid diagnostics. At a population level,
patients often present late in the course of CM, potentially the result of difficulties in linkage
and/or retention in care [3]. Likewise, inadequate follow-up care after diagnosis and treatment
can itself contribute to mortality among patients with CM.

As serum cryptococcal antigenemia (CrAg) typically precedes the development of CM, it
has been independently associated with decreased survival among patients with advanced HIV
[4]. For this reason, the World Health Organization (WHO) recommends screening for CrAg
among all individuals with a CD4 count < 100 cells/uL [5]. These recommendations are sup-
ported by a number of single-country studies from sub-Saharan Africa, most of which found
either cost-savings or decreased mortality when CrAg screening programs were introduced
[6-13]. CrAg screening among patients with CD4 count < 200 cells/uL, combined with a
short intervention of community support, also substantially reduced mortality in a random-
ized controlled study at six sites in Zambia and Tanzania [14]. Last, a systematic review of
pooled prevalence from 60 studies concluded that using a higher threshold of 200 cells/pL is
warranted, as one-fifth of all cases were found among individuals with CD4 counts between
101-200 cells/pL [15]. Routine CrAg screening, however, has not been widely implemented
for patients in resource-limited settings, even though available point-of-care testing can facili-
tate rapid diagnosis of CM and identify cryptococcal infection before the development of men-
ingitis [16].

Beginning in March, 2018, Médecins Sans Frontiéres (MSF) and the Mozambican Ministry
of Health (MoH) incorporated cryptococcal antigen screening into the emergency department
of Jose Macamo General Hospital, a public hospital in Maputo, Mozambique. Here, we report
the prevalence and associated characteristics of CrAg and CM among patients who underwent
CrAg screening between March, 2018 and March, 2019, along with in-hospital and 12-week
outcomes for patients diagnosed with CM.
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Methods
Program setting and population

Point-of-care screening was incorporated into the routine clinical evaluations of patients in
the emergency department (ED) at Jose Macamo General Hospital (JMGH). Patients arriving
at JMCH were received in a triage area and admitted to the emergency department if they had
a medical complaint requiring urgent evaluation; upon admission, they also received rapid
HIV testing if their status was unknown. On weekdays between 8:00 am- 4:00 pm, nurses
reviewed medical data and performed phlebotomy for HIV-positive patients who were present
in the emergency department. Patients arriving overnight were generally held in the ED until
the morning, and typically they were able to receive point-of-care screening prior to receiving
their disposition.

As part of our initial assessment bundle, all HIV-positive patients were screened to deter-
mine CD4 count (Pima™ Analyser, Abbott, Inc.; San Diego, CA, USA); if CD4 count was less
than 200 cells/uL, patients received further point-of-care screening for cryptococcal antigene-
mia and tuberculosis, using the Cryptococcal Antigen (CrAg) Lateral Flow Assay (IMMY;
Norman, OK, USA) and Determine TB-LAM™ test (Abbott Inc.; San Diego, CA, USA), respec-
tively. Patients also received serum CrAg and TB-LAM testing, irrespective of CD4 count, if
they had any of the following abnormal vital signs: heart rate > 120 beats per minute, respira-
tory rate > 30, oxygen saturation < 90%, systolic blood pressure < 90 mmHg or altered men-
tal status. All laboratory testing was performed on-site, and results were available to clinicians
to assist with medical management.

Diagnosis and treatment

Patients with cryptococcal antigenemia received a lumbar puncture, and cerebrospinal fluid
(CSF) was tested for the presence of CrAg using the same assay. Individuals who were serum
CrAg+ and CSF CrAg- received pre-emptive antifungal therapy in accordance with WHO
guidelines [5]. Patients who were diagnosed with CM received WHO-recommended regi-
men of liposomal Amphotericin B (3-5 mg/kg/day) and oral Flucytosine (100 mg/kg/day,
divided into four doses per day) for seven days, followed by an additional seven days of
either IV or orally-administered Fluconazole (1200 mg/day). For patients with pre-existing
kidney disease, the alternate WHO regimen of Fluconazole (1200 mg/day administered IV)
and oral Flucytosine (100 mg/kg/day) was provided during the first fourteen days of treat-
ment [5]. Patients receiving liposomal Amphotericin B received pre-hydration including
normal saline (0.9% 1000 mL), potassium chloride (26.8 mEq) and magnesium sulfate (2
grams) with each dose. Serum creatinine and potassium levels were monitored for patients
receiving liposomal Amphotericin B on Days 1, 4 and 7; therapeutic lumbar punctures were
performed to relieve symptoms at the discretion of treating physicians. Patients were dis-
charged once clinically stable, with hospital stays typically lasting between 7-14 days during
treatment induction.

At the time of discharge, patients completing induction treatment were referred to Centro
Referencia de Alto Mae (CRAM), a specialized outpatient health center managing patients
with advanced HIV infection. CRAM is located approximately four kilometers away from
JMGH and is an MoH-sponsored referral center, established in 2010 in collaboration with
MSEF. At CRAM, referred patients continued to receive antifungal therapy (Fluconazole 800
mg/day for 10 weeks, followed by Fluconazole 200 mg/day) and ongoing monitoring and man-
agement of ICP. Antiretroviral therapy (or switch to second-line regimen) was initiated a min-
imum of four weeks after CM diagnosis in accordance with WHO guidelines [5].
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Data collection and analysis

We collected demographic, history, clinical and laboratory data for all patients who were
screened for cryptococcal antigenemia. At the time of initial clinical and laboratory evaluation,
patients were assigned a unique identifier, and this identifier was used to record clinical data,
laboratory results and treatment outcomes. Data was collected prospectively as part of routine
clinical care; subsequent analyses were performed retrospectively on this data. Clinical staff
abstracted data from emergency department medical records (paper), and counsellors were
responsible for recording outcomes, including hospital admission, discharge, death and fol-
low-up care. As part of routine service delivery, counsellors also conducted telephone outreach
for patients diagnosed with CM to ensure proper linkage to care, and these outcomes were
updated using each patient’s unique identifier. Patient-level data was coded, anonymised and
entered into a standardized database (Microsoft Excel 2010). All records were stored in a
locked cabinet in an office outside of any clinical activity.

For this report, we analysed data collected between March 15, 2018 -March 14, 2019. Par-
ticipant characteristics were summarised using frequencies, median and interquartile range
[IQR], while prevalence estimates were calculated as the number of patients with CrAg and
CM divided by the total number of patients who underwent CrAg screening. Chi-square and
Mann-Whitney tests were used to compare several HIV-related characteristics from individu-
als who were serum CrAg-, serum CrAg+, serum CrAg+/CSF CrAg+ and serum CrAg+/CSF
CrAg-. All analyses were performed using SPSS 26.0 (IBM).

As an a posteriori, secondary analysis of routinely collected clinical data from a de-identi-
fied dataset of an existing program, this study was deemed exempt from MSF ERB and
Mozambican Ethics Review Board (ERB) review. All data were collected for purposes of
patient’s follow-up and program monitoring. Confidentiality was respected and only de-iden-
tified data were used for the analysis. As such, the study did not require review by Mozambican
ERB and it fulfilled the exemption criteria set by the MSF Ethics Review Board.

Results

During the reporting period, a total of 2,210 HIV-positive patients in the emergency depart-
ment received clinical and laboratory assessments, of whom 1,795 (81.2%) met criteria for
CrAg screening. The prevalence of CrAg was 7.5% (n = 134); among patients who received an
LP (n = 126), 96 (76.2%) were diagnosed with CM, yielding a prevalence of 5.3% among all
screened patients. Data is presented for 1,600 patients, for whom clinical data (beyond labora-
tory testing) was recorded.

Selected characteristics and comparisons between serum CrAg+ and serum CrAg- individ-
uals are highlighted in Table 1. The median age of both groups was 38 [Interquartile Range
(IQR) 32-46]; neither men nor women were statistically overrepresented. Most patients were
ART treatment-experienced (73.4%); approximately half reported current ART use. Median
CD4 count (cells/uL) was significantly lower (p<0.001) among serum CrAg+ (34 [IQR (17,
82)] than serum CrAg- patients (84 [IQR (33, 198)]; the two groups did not significantly differ
in terms of exposure to ART (73.5% vs 72.4%, p = 0.849) or years receiving therapy (2.8 [IQR
0.5,5.8] vs 24 IQR [0.2, 5.5]; p = 0.571). We did not observe significant differences between
CSF CrAg+ and CrAg- patients, though the numbers available for comparison were small.
ART history was not available for 86 (5.4%) of patients, and CD4 count was not recorded for
27 (1.7%) of patients. Overall, 53 CM patients received TB-LAM screening, and 5 positive
cases were identified.

By CD4 count, 11.5% and 8.5% of patients with CD4 < 100 cells/uL had CrAg and CM,
respectively; among patients with CD4 count between 101-200 cells/uL, the prevalence of
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Table 1. Baseline characteristics and demographics of patients with cryptococcal antigenemia and meningitis.

Screened patients Serum CrAg- Serum CrAg+ P-value' CSF CrAg+ CSF CrAg- P-value'

N = 1,600 N = 1,466 N=134 N =96 N =30’
Median years of age [IQR] 38 32, 46] 38 [32, 46] 38 [34, 44] 0.835 38 [33, 44] 38 30, 42] 0.496
—-Missing 69 (4.3%) 62 (4.2% 7 (5.2%) 4 (4.2%) 2(2.1%)
Sex
-Male 732 (45.8%) 663 (45.2) 69 (51.5%) 0.163 50 (54.3%) 12 (40%) 0.161
-Female 868 (54.2%) 803 (54.8%) 65 (48.5%) 46 (45.7%) 18 (60%)
-Missing 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Median CD4 count (cells/uL) 79 [31, 193] 84 33, 198] 34 (17, 82] <0.001 32 (16, 70] 45 [16, 138] 0.220
-Missing 27 (1.7%) 22 (1.5%) 5 (3.7%) 4 (4.2%) 2 (2.1%)
Ever received ART
—Yes 1,174 (73.4%) 1,077 (73.5) 97 (72.4%) 0.849 65 (67.7%) 24 (80%) 0.268
-No 340 (21.3%) 313 (21.4%) 27 (20.1%) 26 (27.1%) 4 (13.3%)
~Missing 86 (5.4%) 76 (5.2%) 10 (7.5%) 5 (5.2%) 2(6.7%)
Currently receiving ART
-Yes 859 (53.7%) 786 (53.6%) 73 (54.5%) 0.713 50 (52.1%) 18 (60.0%) 0.294
-No 655 (40.9%) 604 (41.2%) 51 (38.1%) 41 (42.7%) 10 (33.3%)
—Missing 86 (5.4%) 76 (5.2%) 10 (7.5%) 5(5.2%) 2 (6.7%)
Median years on ART 2.8[0.5,5.8] 2.8 [0.5, 5.8] 1.4 [0.2, 5.5] 0.571 0.9 [0.1, 5.0] 2.4(0.4,5.9) 0.275
-Missing 873 (54.6%) 807 (55.0%) 66 (49.3%) 46 (47.9%) 12 (40.0%)
TB-LAM positive
—Yes 170 (10.6%) 163 (11.1%) 7 (5.2%) 0.023 5 (5.2%) 2 (6.7%) 0.661
-No 698 (43.6%) 633 (43.2%) 65 (48.5%) 48 (50.0%) 13 (43.3%)
-Missing 732 (45.8%) 670 (45.7%) 62 (46.3%) 43 (44.8%) 15 (50.0%)

'P-Values reflect comparison between values in the preceding two columns; values < 0.050 were considered statistically significant.

*Eight patients who were CrAg+ did not receive a lumbar puncture.

Abbreviations: CrAg (cryptococcal antigen); CSF (cerebrospinal fluid); ART (antiretroviral therapy).

https://doi.org/10.1371/journal.pone.0250195.t001

CrAg and CM were 4.5% and 2.6% (Table 2). The most common symptoms/signs among
patients with CM were headache (67%), altered mental status (62%), weakness (45%), vomit-
ing (35%) and fever (27%).
Complete outcome data was available for 87 of 96 patients with cryptococcal meningitis
(Fig 1). Among these patients, 24 (27.6%) died during their initial hospitalization, and of the
remaining 63 patients, 12-week outcomes were as follows: 38 (60.3%) remained in care, 9
(14.5%) died following hospital discharge, and 16 (25.3%) were lost to follow-up. In total, 33
patients were known to have died within 12 weeks following diagnosis, constituting overall

mortality of at least 37.9%.

Table 2. Prevalence of cryptococcal antigenemia and cryptococcal meningitis stratified by CD4 count’.

CD4 count CD4 count CD4 count
1-100 cells/uL 101-200 cells/uL > 201 cells/uL
N =897 (%) N =309 (%) N =367 (%)
Cryptococcal antigenemia 103 (11.5) 14 (4.5) 11 (3.0)
Cryptococcal meningitis 76 (8.5) 8 (2.6) 7 (1.9)

"Total N (1,573) does not include 27 patients for whom CD4 values were not available, including six patients with cryptococcal antigenemia and five patients with
cryptococcal meningitis.

https://doi.org/10.1371/journal.pone.0250195.t002
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Hospital Care Ambulatory Care - 12 weeks

Patients Screened

N=1795 Alive
N= 38 (60.3%)

Positive Serum CrAg Discharged after 27d 12-week death

N=134 (7.5%) Oftfﬁitfgffég .6%) 1] N=9 (14.5%)

Positive CSF CrAg * In-hospital death Lost to follow-up
N=96 (71.6%) N= 24 (25%) N= 16 (25.3%)

*Prevalence of CM among all Data unavailable
screened patients = 5.3% N=9 (9.3%)

= J

Fig 1. Flow diagram for patients screened and diagnosed with cryptococcal meningitis, in-hospital and 12-week outcomes.

https://doi.org/10.1371/journal.pone.0250195.g001

Discussion

In the first description of its kind, we found a high prevalence of CrAg and CM among patients
presenting for emergency care in Maputo, Mozambique. In-hospital and 12-week mortality
were high among patients with CM. The majority of patients diagnosed with CM was already
receiving ART, indicating missed opportunities for screening at the primary health level. Over-
all, incorporating CrAg screening into routine emergency care for patients with advanced HIV
provided a feasible means for rapid diagnosis of CrAg and CM, and point-of-care testing at
this hospital continues through the present.

While data on the incidence and prevalence of cryptococcal disease in sub-Saharan Africa
are sparse, [17] our estimates are consistent with one of the few systematic reviews of CM in
Africa, where the average prevalence across 17 countries was 3.4% [18]. In a systematic review
of the prevalence of CA, Ford et al report a combined prevalence of 6.5% and 2.0% of crypto-
coccal antigenemia among individuals with CD4 < 200 cells/pL and between 101-200 cells/
uL, respectively [15]. Our own estimates of CrAg are markedly higher, providing further sup-
port for the WHO’s conditional recommendation for screening at the higher CD4 count level,
particularly among patients who are acutely ill.

A number of studies have further demonstrated the cost-effectiveness of CrAg screening,
especially at lower CD4 counts [8, 10, 19, 20]. The benefit of broad CrAg screening is largely in
preventing cases of CM, yet even when adding lumbar puncture and treatment of individuals
newly diagnosed with CM, CrAg screening is still cost-effective [8]. Moreover, these costs are
not prohibitive: Rajasingham et al developed a model, based on the incidence of CM and
found that the cost of screening individuals with CD4 < 100 cells/uL in most high-burden
countries would be less than $1 million, or less than 0.3% of HIV budgets [1]. Even still, CrAg
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screening has not been a priority for international donor organizations, nor has it been widely
implemented in sub-Saharan Africa, [21] as public hospitals rely most commonly on culture
and India ink for diagnosis of CM.

One factor hindering CrAg screening may concern limited access to therapy once CrAg or
CM are diagnosed. However, oral fluconazole is becoming increasingly available worldwide,
and new treatment strategies have demonstrated promise and relevance to African contexts.
The cornerstone of CM treatment remains amphotericin B, and in the recent ACTA (Antifun-
gal Combinations for Treatment of Cryptococcal Meningitis in Africa) trial, mortality was
equivalent between one-week and two-week regimens of Amphotericin B [22]. A recent Phase
II clinical trial has further demonstrated the effectiveness of single, high-dose Liposomal
Amphotericin B [23]. Shorter treatment courses are clearly advantageous in resource-limited
settings, where in-hospital care may be limited and frequent laboratory monitoring for drug
toxicity is logistically difficult. With single-dose regimens, it is conceivable that management
of CM can be provided in select ambulatory or quasi-ambulatory settings, offering further
rationale for CrAg and CM screening.

Even with optimal screening and adherence to treatment protocols, CM can nevertheless be
severe and often fatal. Inpatient mortality (28.7%) in our sample was high and was comparable
to other recent studies in sub-Saharan Africa, including the ACTA trial (2-week mortality of
21.9%) and a recent analysis of 102 cases from five South African hospitals where CrAg screen-
ing was routinely conducted [22, 24]. In this study, inpatient mortality was 30%, and the
authors note that the overwhelming majority of patients were symptomatic at the time of
arrival [24]. In our sample, nearly two-thirds of patients with CM presented with altered men-
tal status, indicating significantly delayed care-seeking behaviour. In addition, 9% of patients
who received TB-LAM screening were also found to have tuberculosis, which itself confers
high mortality. Fang et al reported 12% mortality among PLWH who had TB/cryptococcal co-
infection (disease loci not identified), [25] while a recent case series from Uganda reported
60% mortality among five patients with CM and TB meningitis [26]. Given the tendency of
patients to delay care until their illness is advanced, increased CrAg screening at primary
health centers is warranted to either prevent CM or diagnose it earlier.

Prevention of AIDS-related deaths also relies on early and proper identification of individu-
als with advanced HIV, whether it is the result of late presentation or treatment failure. Owing
to earlier ART initiation and increased HIV testing, the number of late presentations in Africa
has been decreasing; [27-29] in Mozambique, the proportion of patients with advanced HIV
at the time of ART initiation decreased from 74 to 37% between 2004-2014 [30]. In contrast to
these dramatic improvements, advanced HIV associated with treatment failure remains a sig-
nificant problem [31]. Most patients in our sample reported experience with ART, and among
patients with CM, one-fourth reported receiving ART for over five years. While some patients
on ART were likely experiencing an unmasking illness relating to immune reconstitution,
high prevalence of treatment experience among patients with CM is widely reported [32].
Clearly, earlier recognition of virologic or immunologic failure would prevent many AIDS-
associated illnesses before patients arrive for hospital care, just as timely identification and
rapid in-hospital assessment can improve overall outcomes.

Upon recognition of advanced HIV and provision of immediate care, an equally important
element in the HIV care cascade involves linkage to and retention in care, which is challenging
in many low-resource settings. Most studies on linkage to care are conducted in the context of
treatment initiation following an initial diagnosis; barriers including distance, cost of travel,
and weak ties between testing programs and treatment centres are commonly cited as difficul-
ties for securing proper follow-up after HIV diagnosis [33]. Of the few studies examining link-
age following a diagnosis of CM, failure to receive long-term fluconazole after discharge is the
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most common factor leading to either death or recurrent infection [24, 34]. Counselling
patients on the need for long-term antifungal treatment is also critical, as inadequate explana-
tion by healthcare workers was also cited as a reason for recurrent infection in the study by
Quan et al. [24].

Here, an important element of the MSF/MOH collaboration is the presence of a specialized
referral center (Centro Referencia de Alto Mae, abbreviated as CRAM), where counsellors and
physicians are specifically trained in the care of patients with advanced HIV and recently diag-
nosed CM. At CRAM, patients recently discharged from inpatient facilities continue receiving
fluconazole, along with ongoing management of elevated intracranial pressure and/or treat-
ment re-induction where necessary. Counselors at the Jose Macamo General Hospital and
CRAM maintain regular contact in order to ensure patient arrival and follow-up. In our
review, even with post-discharge care, 12-week mortality following hospital discharge (14.5%)
remained high, as did the number of patients lost to follow-up (17.2%). These data highlight
the significant mortality risk of CM in spite of optimal management, along with the impor-
tance of a closely monitored continuum of care from hospitalization to long-term care.

Several limitations in our project should be noted. HIV testing and point-of-care screening
were not performed on all eligible patients, for example those who were attended and dis-
charged on evenings or weekend days. Thus, our prevalence estimates reflect a more ill popula-
tion than would be the case if all HIV-positive patients were tested. Similarly, not all patients
in the sample received TB-LAM screening for disseminated tuberculosis, and therefore, co-
infection may be under-estimated among severely ill patients. Self-reported ART histories
were subject to recall bias, and these data should be interpreted cautiously. Many patients were
lost to follow-up, and thus true 12-week mortality is likely under-estimated. Last, many clinical
records were incomplete, reflecting the difficulties of data collection in real-world settings.

In conclusion, we found a high prevalence of cryptococcal meningitis among patients with
advanced HIV who were screened in an emergency department of a public hospital in Maputo,
Mozambique. Moreover, our implementation strategy was feasible in the context of routine
clinical activities of an emergency department. CrAg screening was useful in identifying
patients with CrAg and CM and provided rapid initiation of treatment, though mortality
remained high among patients with CM. Further scale-up of CrAg screening, and expansion
to additional hospitals along with primary health facilities, is urgently needed to further
improve the care of patients with CM and advanced HIV.
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