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Abstract

In rural areas of sub-Saharan Africa, infrastructure and resources for treatment of crypto-

coccal meningitis (CM) are often lacking. We introduced a CM diagnosis and treatment pro-

gram (CM-DTP) at Lira Regional Referral Hospital (LRRH) in rural Uganda to determine if

implementing high-quality standard of care protocols would improve outcomes. Information

extracted from hospital charts and clinical record forms at LRRH were used to compare

diagnoses, treatments, and outcomes for all patients diagnosed with meningitis (n = 281)

over a two-year period after initiation of the CM-DTP in February of 2017 to all patients diag-

nosed with meningitis (n = 215) in the two preceding years. After implementation of the CM-

DTP, we observed increased confirmed diagnoses of CM from 22.2% (48 of 215) to 35.2%

(99 of 281), (p = 0.002) among all patients diagnosed with meningitis. Among all patients

treated for CM, the proportion who received standard of care treatment with amphotericin B

plus fluconazole increased from 63 of 127 (49.6%) to 109 of 146 (74.7%), (p <0.001) and

mortality improved from 66 of 127 (52.0%) to 57 of 146 (39.0%), (p = 0.04) after implementa-

tion of the CM-DTP. Implementation of the CM-DTP was associated with increased number

of lumbar punctures and decreased use of antibiotics in patients with CM, as well as

decreased mortality among patients with meningitis from all causes. Improved diagnosis,

treatment, and mortality were observed following implementation of the CM-DTP. Our

results demonstrate that quality treatment of CM in rural Uganda is feasible.

Introduction

Cryptococcal meningitis (CM) is a major cause of death among the 38 million people infected

with HIV [1]. This type of meningitis accounts for approximately 15% of AIDS-related deaths,

with most deaths occurring in sub-Saharan Africa [2,3]. Despite increased availability of HIV

treatment and improved CM therapies, CM kills approximately 181,000 persons per year, with

a death rate of 50–70% [4–6]. In Uganda, CM is the second most common cause of AIDS-
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related death [3]. Although effective treatments for CM are now available in urban centers in

sub-Saharan Africa [7], adequate training and resources for diagnosis and treatment of CM

are not found on much of the continent [8–11], especially in resource-limited rural areas

where most people live [12]. The burden of CM in rural areas is still poorly understood, and

recent advances in CM diagnosis and treatment have not been fully implemented in much of

sub-Saharan Africa.

In Uganda, approximately 76% of the population resides in rural areas of the country [13].

In Kampala, the capital of Uganda, health care infrastructure and resources are at a relatively

high level, contrasted to rural areas where care is often suboptimal because of lack of infra-

structure and resources. Without appropriate diagnostic testing, CM diagnosis in rural areas is

often made solely on clinical judgement, which can lead to misdiagnoses, improper treatment

and poor outcomes. Also, availability of antifungal medications, such as amphotericin B deox-

ycholate (amphotericin B), appropriate fluid and electrolyte replacement, and laboratory mon-

itoring are often lacking. Because of the challenges for diagnosing and effectively treating CM

in rural areas, treatment based on standard of care guidelines is difficult to implement.

In 2016, we assessed CM care at Lira Regional Referral Hospital (LRRH) in rural, northern

Uganda and found that diagnostic testing for CM was unavailable within the hospital due to

insufficient supplies and was only available for patients who could afford testing at private lab-

oratories outside the hospital. Further, many patients who were treated for CM received sub-

optimal therapy because the drugs used as standard of care were unavailable within the

hospital and had to be purchased from private pharmacies. Only a subset of patients could

afford diagnostic testing and standard of care treatments. Our assessment suggested that the

diagnosis and treatment of CM at LRRH could be improved, and we wanted to determine if

effective treatment of CM was feasible.

Our findings prompted the development a CM Diagnosis and Treatment Program

(CM-DTP) at LRRH, which was initiated in February, 2017 with care provided by local clini-

cians. The program provided diagnostic testing for patients with suspected CM and provided

antifungal treatment with amphotericin B and fluconazole, as well as intravenous hydration,

electrolyte supplementation, and laboratory monitoring for those diagnosed with CM. The

goal of the program was to determine if high quality CM care (currently provided in urban

areas) could be implemented by local clinicians in this rural setting to improve outcomes. We

assessed the two-year impact of the CM-DTP on diagnosis, treatment, and mortality of

patients with CM compared to a historical group of patients from the two years immediately

before the CM-DTP.

Methods

Ethics statement

The required permits and approvals for performing research on human subjects in Uganda

were obtained. Ethics approval was obtained from Gulu University Research Ethics Commit-

tee (GUREC) [066–19], Uganda National Council of Science and Technology (UNCST) [HS

2675], University of Washington Institutional Review Board (IRB) [STUDY00007770], and

University of Minnesota IRB [STUDY00011386]. The requirement for consent was waived

and approved by GUREC and UNCST as the data was extracted from existing paper records

and hospital files.

Study setting

This study was performed at LRRH which is located in northern Uganda and serves approxi-

mately 2.2 million people within the nine districts surrounding the hospital [14]. This conflict-
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torn area was occupied by the Lord’s Resistance Army from 1987 to 2006 [15] but has since

stabilized, although health care infrastructure and resources remain relatively poor compared

to urban areas of Uganda. Health care infrastructure in northern Uganda was negatively

impacted by civil conflict, but at the time the CM-DTP was initiated the situation at LRRH

regarding CM diagnosis and care was representative of much of rural Uganda, where resources

are often lacking.

Study design

This retrospective group study compared data from patients with meningitis who were treated

from February 2015-February 2017 before the initiation of the CM-DTP (group 1) and Febru-

ary 2017-February 2019 after initiation of the CM-DTP (group 2). Standard of care protocols

provided by the CM-DTP were based on Ugandan clinical guidelines [16] and included

amphotericin B for 7–14 days, fluconazole, IV fluids, therapeutic LPs, electrolyte supplementa-

tion, and laboratory monitoring. Patients in both groups received care by local clinicians.

However, the initiation of the CM-DTP increased the workforce for CM care by providing sal-

ary support for two part-time medical officers and one full-time nurse.

Retrospective chart reviews were conducted on all patients in the adult medical wards at

LRRH to identify all patients with any form of meningitis. We reviewed charts of all patients

with symptoms of headache in combination with one or more of the following: fever, confu-

sion, photophobia, neck pain/stiffness, seizure, or a Glasgow coma scale (GCS) <15. All

patients with CM and meningitis were included over a two-year period for both groups, thus

representing the entire population of patients during these periods. From this review, we iden-

tified 215 patients in group 1 (hospitalized between January 2015-February 12, 2017) and 281

patients in group 2 (hospitalized between February 13, 2017-February 2019) who had a diag-

nosis of meningitis (Fig 1), after excluding those who had alternative diagnoses like malaria,

hepatic encephalopathy, space occupying lesions, etc. All patients with confirmed CM were

�14 years old, except one patient in group 2 who was nine-years old.

Data was previously collected on clinical record forms at the time of their care from patients

who participated in the CM-DTP related to diagnosis, symptoms, symptom days, treatments,

medical history, physical exams, laboratory results, HIV and antiretroviral therapy (ART) sta-

tus, complications, diagnosis, treatment, and mortality outcomes. For patients in group 1, sim-

ilar data was collected directly from hospital charts. All information was entered into a

database, which was validated and double-checked by a second person.

Diagnosis of CM

Group 1 patients were considered to have confirmed CM if they had a documented positive

cryptococcal antigen (CrAg) test, cerebral spinal fluid (CSF) India ink, or CSF gram stain

showing yeast. In group 1, a variety of commercial CrAg latex agglutination (LA) tests were

performed at independent laboratories at the patient’s expense. For group 2, the CrAg lateral

flow assay (LFA) test (Immy Inc., Norman, Oklahoma), was used exclusively and performed

free of charge on blood, serum and/or CSF for CM diagnosis. In some cases, India ink and

gram stains were also performed.

For group 1, the CrAg LFA test was not available, and diagnostic testing was often not per-

formed because patients were unable to afford testing. During this time period, the diagnosis

of CM was often made based on clinical judgement. Patients were considered to have pre-

sumed CM if they had a clinical CM diagnosis (non-laboratory confirmed) recorded in their

chart and received antifungal medications for treatment of CM.
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Analyses

We compared groups 1 and 2 among those with laboratory-confirmed CM, those who were

treated with antifungal therapy for CM (presumed plus confirmed CM) and those with menin-

gitis of all causes. Descriptive statistics were used to calculate means and proportions on demo-

graphic information, admission and discharge diagnoses, baseline neurologic status,

symptoms, complications and treatments. To determine significant relationships between the

two groups, Chi-square test or Fisher’s Exact test was performed for categorical variables,

while Student’s t-test was used for continuous variables. Logistic regression was used to com-

pare mortality with continuous and categorical covariates. Hypothesis testing was two-sided

with a significance level of 0.05. All analyses were performed using R version 3.6.0. [17].

Results

Patient characteristics

We identified 215 and 281 patients with meningitis in groups 1 and 2, respectively (Fig 1). The

primary data used for this manuscript regarding patients with confirmed plus presumed CM

are shown in S1 Table, and the primary data regarding patients with non-CM meningitis are

shown in S2 Table. Demographic information for all patients with meningitis showed slightly

younger patients, fewer males, and fewer patients with previously documented HIV in group 1

Fig 1.

https://doi.org/10.1371/journal.pgph.0000254.g001
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versus group 2 (Table 1). In the confirmed plus presumed CM groups, groups 1 and 2 had sim-

ilar mean age and HIV status, but group 1 had fewer males. Those with HIV had lower mean

CD4 counts in group 1 compared to group 2, but similar history of ART experience.

Patients were considered to have confirmed CM if they had laboratory diagnosis of CM as

described in the methods. The diagnosis of confirmed CM in group 1 was often suboptimal

because diagnostic testing was usually only performed for patients who could afford testing at

independent laboratories and the available tests had lower sensitivity and specificity compared

to the CrAg LFA. For group 2, CM testing by CrAg LFA was provided free of charge to all

patients with meningitis, and therefore, more patients were tested. Demographics of patients

with confirmed CM were similar between groups with respect to age, gender, and HIV status.

At the time of hospitalization, more people in group 1 were currently taking ART, whereas

group 2 had more people with a history of ART but some were not currently taking it. Those

in group 1 had more episodes of vomiting and confusion compared to group 2 (Table 2).

Other clinical characteristics of patients, including fever, headache, GCS, nuchal rigidity, Ker-

nig’s sign, history of CM, history of TB and days of symptoms did not differ significantly

between groups.

Improved diagnosis of CM after implementation of the CM-DTP

The type of diagnostic tests used to confirm CM for both groups are shown in Table 3. For

group 2, 91% of the confirmed CM cases were diagnosed with the CrAg LFA test test (Immy,

Norman, Oklahoma) on CSF. The CrAg LFA assay is a rapid and inexpensive diagnostic test

for CM that can be performed at the bedside. For group 1, 69% of confirmed CM cases were

diagnosed with a CrAg LA test test (Immy, Norman, Oklahoma), while other diagnostic tests

were used less frequently.

Table 1. Demographics of groups 1 & 2.

Group Group 1

2015–2017

Group 2

2017–2019

All Meningitis N = 215 N = 281

Age (mean, IQR) 33.6 (26.0–34.2) 35.6 (27.0–44.0)

Gender (Male) (N, %) 93 (43.3%) 139 (49.5%)

Documented HIV Positive (N, %) 129 (60.0%) 234 (83.3%)

Confirmed and Presumed CM N = 127 N = 146

Age (mean, IQR) 36.7 (30.0–45.0) 36.2 (28.0–43.8)

Gender (Male) (N, %) 49 (38.6%) 62 (42.5%)

Documented HIV Positive (N, %) 127 (100%) 145 (99.3%)

CD4 Count (mean, IQR) 69.9 (10.0–96.0) 170.4 (31.5–267.5)

History of ART (N, %) 95 (74.8%) 113 (77.4%)

Currently on ART (N, %) 92 (72.4%) 103 (70.5%)

Confirmed CM N = 48 N = 99

Age (mean, IQR) 36.5 (29.0–45.3) 35.3 (27.0–43.0)

Gender (Male) (N, %) 31 (64.6%) 62 (62.6%)

Documented HIV Positive (N, %) 48 (100%) 99 (100%)

CD4 Count (mean, IQR) 89.8 (23.5–23.5) 129.5 (16.5–161.0)

History of ART (N, %) 37 (77.1%) 79 (79.8%)

Currently on ART (N, %) 37 (77.1%) 70 (70.7%)

https://doi.org/10.1371/journal.pgph.0000254.t001
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For patients in group 2, free CrAg LFA testing was available for all patients with meningitis,

and most patients in the group who met criteria, received this test. The implementation of this

testing led to an increased number of confirmed cases of CM. The number of patients with

confirmed CM was 48 out of 215 meningitis patients (22.2%) in group 1 and 99 out of 281

meningitis patients (35.2%) for group 2 (Table 4). Among all cases of meningitis, patients in

group 2 had 1.89 times the odds of having a confirmed CM diagnosis compared to those in

group 1 (p = 0.002, CI: 1.24–2.90). These finding indicate that implementation of free CrAg

LFA testing through the CM-DTP led to increased confirmed diagnoses of CM.

Improved treatment of CM after implementation of the CM-DTP

Ugandan clinical guidelines for the treatment of CM at the time of this study recommended

the use of combination therapy with amphotericin B and fluconazole. Although fluconazole

was generally available at LRRH, amphotericin B was not widely available due to hospital stock

shortages. For patients in group 1, amphotericin B was usually only available to those patients

who could afford to purchase it from private pharmacies. For patients in group 2, the

CM-DTP provided amphotericin B for 7–14 days, fluconazole, IV fluids, therapeutic LPs, elec-

trolyte supplementation and laboratory monitoring. The CM-DTP provided supplemental

supplies and treatments when the hospital was out of stock.

Table 2. Baseline symptoms at admission among CM confirmed.

Characteristics Group 1 (N = 48)

N (%)

Group 2 (N = 99)

N (%)

P-value

Headache 41/43 (95.3%) 92/98 (93.9%) 1.00

Fever 24/29 (82.8%) 84/97 (86.6%) 0.56

Vomiting 15/20 (75.0%) 44/92 (47.8%) 0.05

Confusion� 18/23 (78.3%) 25/88 (28.4%) <0.001

GCS <15� 10/27 (37.0%) 45/91 (49.5%) 0.28

Nuchal Rigidity 20/30 (66.7%) 77/97 (79.4%) 0.22

Kernig’s Sign 16/23 (69.6%) 64/92 (69.6%) 1.00

CM History 5/48 (10.4%) 11/90 (12.2%) 1.00

TB History 8/46 (17.4%) 24/95 (25.3%) 0.39

Symptom Days 16.4

IQR: 4.3–21.8)

22.3

(IQR: 9.0–28.0)

0.10

�Denominators are not equal in each category due to missing/undocumented data in patient charts. For example, in some charts, confusion only, GCS only, or both

confusion and GCS were documented.

https://doi.org/10.1371/journal.pgph.0000254.t002

Table 3. CM diagnostic tests among CM confirmed patients.

Diagnostic Tests Group 1

N (%)

Group 2

N (%)

CSF CrAg Test 33C (68.8%) 90� (90.9%)

Blood CrAg 15C (31.2%) 9� (9.1%)

India Ink Test 13 (27.1%) 51 (51.5%)

Gram Stain Yeast + 20 (41.7%) 47 (47.5%)

�Lateral flow Assay.

C Latex Agglutination.

https://doi.org/10.1371/journal.pgph.0000254.t003
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We evaluated treatments given to patients in groups 1 and 2 to determine how well Ugan-

dan clinical guidelines were followed with respect to CM treatment using combination therapy

with amphotericin B plus fluconazole (Table 5). Among patients with presumed plus con-

firmed CM who were treated with antifungal therapy, 49.6% received combination amphoteri-

cin B and fluconazole in group 1 and 74.7% received combination therapy in group 2 (p

<0.001). Most patients who were treated for CM, but did not receive combination therapy,

were treated with fluconazole monotherapy, which has been shown to have worse outcomes

compared to combination therapy [9,18,19]. These results suggest that for patients who

received antifungal therapy to treat presumed or confirmed CM, the CM-DTP led to more

appropriate use of combination antifungal therapy in accordance with Ugandan clinical guide-

lines. Patients with confirmed CM in group 1 and group 2 received similar treatments, with

most receiving combination antifungal therapy, consistent with Ugandan guidelines [16]. It is

likely that patients who were able to pay for diagnostic testing were also able to pay for

Table 4. Impact of the CM-DTP on diagnosis.

Confirmed CM Group 1 2015–2017 Group 2 2017–2019

Diagnosis N % N % P-value OR, CI

Confirmed CM diagnoses 48 22.3 99 35.2 0.002 1.89, 1.24-2.90

All cases of meningitis 215 281

https://doi.org/10.1371/journal.pgph.0000254.t004

Table 5. Impact of the CM-DTP on treatment.

Group 1

2015-2017

Group 2

2017-2019

CM Treatment N % N % P-value

Amphotericin B and Fluconazole 40 83.3 89 89.9 0.38

Confirmed CM Cases 48 99

Amphotericin B and Fluconazole 63 49.6 109 74.7 <0.001

Confirmed plus Presumed CM Cases 127 146

Monotherapy with Fluconazole 6 12.5 5 5.05 0.18

Confirmed CM Cases 48 99

Monotherapy with Fluconazole 37 29.1 7 4.79 <0.001

Confirmed plus Presumed CM Cases 127 146

Treatment with Antibiotics 44 91.7 78 78.8 0.06

Confirmed CM Cases 48 99

Treatment with LP 34 70.8 96 96.9 <0.001

Confirmed CM Cases 48 99

N Mean� N Mean� P-value

Number of LPs 41 1.21

(SD 0.48)

251 2.61

(SD 1.14)

<0.001

All cases with LPs 34 96

Number of Antibiotics Group 1

N = 44

Group 2

N = 81 P-value

Group 1 Died Group 2 Died

P-value

� 2 16 (36.4%) 68 (84%) <0.001 6 (37.5%) 27 (39.7%) >0.99

> 2 28 (63.6%) 13 (16.1%) <0.001 17 (60.7%) 7 (53.8%) >0.99

�Mean number of LPs in cases where LP was performed.

https://doi.org/10.1371/journal.pgph.0000254.t005
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combination antifungal therapy. In contrast, those who were treated for CM but did not

receive diagnostic testing to confirm CM were more likely to receive suboptimal therapy with

fluconazole only or sporadic treatment as noted in some patient charts.

Improved mortality after CM-DTP implementation

We performed analyses to determine if implementation of the CM-DTP was associated with

improved mortality outcomes. Because the diagnosis of CM was suboptimal in group 1, due to

the lack of laboratory testing, we performed analyses to determine the effect of the CM-DTP

on mortality for 1) those with confirmed plus presumed CM who were treated with antifungal

therapy, 2) those with laboratory confirmed CM, and 3) those with all causes of meningitis

(Table 6). After implementation of the CM-DTP, mortality decreased for those with confirmed

plus presumed CM (all those treated for CM with antifungal therapy) from 52% to 39%,

(p = 0.04). Improved diagnosis and access to appropriate treatment may have improved mor-

tality outcomes among those in group 2. Among patients with confirmed CM, there was a

12.9% decrease in mortality from group 1 to group 2, but this difference was not significant.

However, all patients with confirmed CM in both groups received similar combination anti-

fungal therapy according to Ugandan guidelines. We found the mortality for all causes of men-

ingitis was lower in group 2, when compared with group 1 (29.9% vs. 42.8%, respectively,

p = 0.04). Since the CM-DTP focused only on CM care, it is possible that the decrease in over-

all meningitis mortality may be attributed to improved diagnosis and treatment of CM because

the majority of meningitis cases were presumed or confirmed CM.

Predictors and associations related to CM mortality

We performed analyses of our data to identify risk factors associated with mortality. Among

the CM confirmed patients from group 2, we found that a GCS <15 was a significant predictor

of death. Those who had a GCS <15 had increased odds of death compared to those who had

a normal GCS (OR: 4.28, CI: 1.63–11.9, p = 0.001, Table 7). We also found that an increased

number of LPs performed was associated with decreased mortality.

Among patients with confirmed CM, the average number of LPs performed increased from

1.21 in group 1 to 2.61 in group 2 (p<0.001, Table 5). Fewer patients died who received an LP

in group 2 (42.4%), compared to group 1 (58.3%, p = 0.08). Among those in group 2, multivar-

iate logistic regression was conducted, which found the number of LPs was not significantly

different between those who lived and died. However, our data showed that those who had

more LPs had lower odds of death compared to those who had fewer LPs, but this was not sta-

tistically significant after adjusting for confounders of GCS<14 and length of hospitalization.

(OR: 0.80, CI: 0.49–1.30, p = 0.36).

The number of different antibiotics ordered for patients with confirmed CM was assessed

to determine if this was associated with mortality. The overall number of antibiotics ordered

decreased in group 2 compared to group 1 as fewer patients in group 2 had more than 2

Table 6. Impact of the CM-DTP on mortality.

Mortality Group 1

2015-2017

Group 2

2017-2019

Group Patients Deaths

N (%)

Patients Deaths

N (%)

OR CI P-value

All Meningitis 215 92 (42.8%) 281 84 (29.9%) 0.57 0.39-0.83 0.003

Confirmed & Presumed CM 127 66 (52.0%) 146 57 (39.0%) 0.59 0.36-0.99 0.04

Confirmed CM 48 26 (54.2%) 99 41 (41.4%) 0.60 0.28-1.27 0.16

https://doi.org/10.1371/journal.pgph.0000254.t006
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antibiotics prescribed compared to group 1 (p<0.001; Table 5). In group 2, those who had

more than 2 antibiotics prescribed had an increased odds of death (OR: 3.82, CI:0.86–16.96)

after controlling for confounders of GCS <14 and hospitalization days, but this was not statis-

tically significant (p = 0.08).

Discussion

The CM-DTP was developed to meet the challenges of implementing quality CM care in rural

Uganda based on Ugandan guidelines. Our study found that this program, in which care was

provided by local clinicians, improved the diagnosis and treatment of CM, and led to

improved mortality outcomes among patients with meningitis. These results suggest that high

quality treatment of CM in rural settings is feasible.

The CM-DTP led to improved diagnosis of CM, primarily by making the CrAg LFA test

widely available at LRRH. The CrAg LFA test is inexpensive ($2–4 USD per test) [20,21] and

can be easily performed at the bedside to make a rapid diagnosis of CM. In contrast, the LA

test is more expensive and requires samples be sent to an outside laboratory. The LFA test has

a 99.3% sensitivity and 99.1% specificity [6,22] while the LA test has a sensitivity of 97–97.8%

and specificity of 85.9–100% [23]. Thus, the LFA test is a practical choice for making CM diag-

noses in rural settings with its high degree of feasibility and reliability. Providing free LFA test-

ing was a key factor for improving the number of tests conducted and improved the quality of

testing. Our results suggest that the use of the rapid and accurate CrAg LFA test led to

increased delivery of appropriate treatment based on Ugandan guidelines. Our results also

suggest that obtaining a confirmed diagnosis of CM led to decreased use of antibiotics in these

patients. This decrease in the use of unnecessary antibiotics in patients with CM not only low-

ers the chances of creating antibiotic-resistant pathogens but reduces costs for the hospital and

patient.

Table 7. Factors associated with mortality among patients with confirmed CM in group 2.

Patients with Confirmed CM N (%) Death

N (%)

OR Adjusted OR P-value CI

GCS <15 45/91 (49.5%) 26/45 (28.6%) 4.28 0.001 1.63-11.90

GCS =15 46/91 (50.5%) 11/46 (23.9%) 1

Any Antifungal 93/96 (96.9%) 38/93 (40.9%) 0 0.07 0-1.77

No Antifungal 3/96 (3.1%) 3/3 (100%) 1

Antibiotics > 2 13/81 (16.0%) 7/13 (53.8%) 1.77 0.35 0.54-5.85

2.46C 0.19C 0.63-9.56C

3.82‡ 0.08‡ 0.86-16.96‡

Antibiotics � 2 68/81 (84.0%) 27/68 (39.7%) 1

Patients with LPs 96/99 (97.0%) 39/96 (40.6%) 0.37 0.58 0.006-7.38

Patients without LPs 3/95 (3.0%) 2/3 (66.6%) 1

Number of LPs per Patient (Mean 2.24; SD 1.14) 0.64 0.02 0.44-0.92

0.62C 0.03C 0.39- 0.96C

0.80‡ 0.36‡ 0.49- 1.30‡

�Denominators are not equal in each category due to missing/undocumented data.

C OR Adjusted for GCS.

‡ OR Adjusted for GCS and days of hospitalization.

https://doi.org/10.1371/journal.pgph.0000254.t007
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The CM-DTP led to improved mortality outcomes which was even evident among the set

of all patients with meningitis when comparing groups 1 and 2. This improved mortality is

likely due to the high prevalence of CM among all patients with meningitis and the increased

diagnosis and appropriate treatment of CM in group 2. Also, the use of the CrAg LFA helped

to exclude CM in patients with other forms of meningitis which may have led to a more

focused treatment for other treatable causes, such as bacterial meningitis. The in-hospital mor-

tality for those with confirmed CM in group 2 was 41.4%. This mortality is similar to other

CM treatment studies conducted in sub-Saharan Africa which reported short-term mortality

ranging from 21.4–55.9% [8,19,24,25]. This study also supports past research which found that

altered mental status was associated with increased mortality [26,27]. Our results are also con-

sistent with previous reports that increased number of LPs (diagnostic and therapeutic) was

associated with improved mortality [26,28], although our results were not statistically

significant.

Limitations

Our study was limited by the small sample size for patients with confirmed CM in group 1,

which limited the analyses to determine differences in risk factors associated with mortality

between the groups. Additionally, missing or incomplete hospital records limited our ability to

conduct analyses of morbidity between the groups and to confirm whether patients actually

received ordered treatments, specifically in group 1. For group 2, there were brief periods, last-

ing from a few days to a few weeks, when stockouts of antifungal medications or electrolyte

replacement therapies occurred. In those instances, all efforts were made to get supplies

quickly from alternative sources from within or outside of Uganda. Also, because this study

compared historical groups of patients, there may be unrecognized confounders contributing

to improved outcomes in group 2, beyond the improved diagnostic testing and treatment that

we attribute to the implementation of the CM-DTP.

Conclusion

Overall, our study demonstrated that high quality and effective treatment of CM by local clini-

cians in rural areas, is feasible and should serve as a catalyst for implementation of similar pro-

grams in other rural regions of sub-Saharan Africa, where efforts to provide the resources and

infrastructure for quality CM care should be prioritized.

Supporting information

S1 Table. Primary data for patients with confirmed or presumed CM. The patients listed in

this Supplement were diagnosed with confirmed or presumed CM as defined in the Methods.

Patients included in this Supplement from cohort 1 were admitted to the hospital from Febru-

ary 2015 to February 2017, except two patients who were admitted in late January 2015.

Patients in cohort 2 were admitted from February 2017 to February 2019. The other diagnoses

listed are the confirmed or suspected diagnoses during their hospitalization, based on their

hospital charts.

(XLSX)

S2 Table. Primary data for patients with non-CM meningitis. The patients listed in this Sup-

plement were hospitalized for meningitis, but did not have confirmed or presumed CM.

Patients included in this Supplement from cohort 1 were admitted to the hospital with non-

CM meningitis from February 2015 to February 2017, except one patient who was admitted in

January 2015. Patients with non-CM meningitis in cohort 2 were admitted from February
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2017 to February 2019. The diagnoses listed are the confirmed or suspected diagnoses during

their hospitalization, based on their hospital charts.

(XLSX)
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