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Abstract

Background: Cryptococcal meningitis (CM) and tuberculosis (TB) remain leading causes of hospitalization and death
amongst people living with HIV, particularly those with advanced HIV disease. In hospitalized patients, prompt diag-
nosis of these diseases may improve patient outcomes. The advanced HIV rapid diagnostic tests such as determine TB
urine lipoarabinomannan lateral flow assay (urine LAM), urine X-pert MTB/RIF assay (urine X-pert), and serum/blood
cryptococcal antigen test (serum CrAg) are recommended but frequently not available in many resource-limited set-
tings. We describe our experience providing these tests in a routine hospital setting.

Method: From 1 August 2016 to 31 January 2017, a prospective cohort study to diagnose TB and Cryptococcal men-
ingitis using point of care tests was conducted in the medical wards at Kamuzu Central Hospital, in Lilongwe, Malawi.
The tests offered were PIMA CD4 cell count, serum CrAg, urine LAM, and urine X-pert. The testing was integrated into
an existing HIV/TB treatment room on the wards and performed close to admission time. Patients were followed until
discharge or death in the ward.

Results: We included 438 HIV-positive patients; 76% had a previously known HIV diagnosis (87% already on ART). We
measured CD4 count in 365/438 (83%), serum CrAg in 301/438 (69%), urine LAM in 363/438 (83%), and urine X-pert
in 292/438 (67%). The median CD4 count was 144 cells/ml (IQR 46-307). Serum CrAg positivity rate was 23 /301 (8%)
and CM was confirmed by CSF Crag in 13/23 (56%). The majority of CM patients 9/13 (69%) started antifungal therapy
within two days of diagnosis. Urine LAM and urine X-pert positivity rates were 81/363(22%) and (14/292 (5%) respec-
tively. The positivity rate of urine LAM was higher in patients with low CD4 cell counts (< 100 cells/ml) and low BMI

(< 18.5). Most patients with positive urine LAM started TB treatment on the same day. Despite the early diagnosis and
treatment of TB and CM, the inpatient mortality was high; 30% and 25% respectively.

Conclusion: Although advanced HIV rapid diagnostic tests are recommended, one key challenge in implementation
is the limited trained personnel administering the tests. Despite the effective use of the point of care tests in the clini-
cal care of hospitalized TB and CM patients, mortality among these patients remained unacceptably high. Henceforth
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we need to train other cadres apart from nurses, clinicians, and laboratory technicians to conduct the tests. There is an
urgent need to identify and modify other risks of death from TB and CM.

Trial registration: Malawi National Health Science Research committee: Protocol # 1144. Registered 2 July 2014 and
University Of North Carolina IRB #: UNCPM 21412, approved 13th October 2014.
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Introduction

Despite the successful roll-out of antiretroviral therapy
(ART) programs in Sub-Saharan Africa, patients still pre-
sent to hospital with advanced HIV disease (defined as a
CD4<200/mm?® or WHO stage 3 or 4) and consequently,
medical admissions and death due to HIV-related infec-
tious diseases remain unacceptably high [1-5]. Mortality
rates are high amongst people living with HIV (PLHIV)
who are newly diagnosed with HIV, have not started
ART, or have been on ART for less than a year. Most hos-
pital deaths amongst PLHIV occur within two days of
hospitalization [3, 6]. In Autopsy studies, major causes of
death of hospitalized (inpatients)PLHIV are disseminated
tuberculosis (TB) (37%) and cryptococcal meningitis
(CM) (20%) [7-9]. Similarly, the causes of early mortality
in outpatients with advanced HIV disease starting ART
are TB (47%) and CM (12%) [10]. However, TB and CM
remain undiagnosed at death in 38% and 50% of patients
[10, 11].

A death audit conducted in 2004 at Kamuzu Central
Hospital (KCH), a tertiary referral hospital in Lilongwe
Malawi, reported a mortality rate of 24% amongst hos-
pitalized PLHIV. A similar audit conducted eight years
later at KCH reported the same mortality rate despite the
marked expansion of ART nationally [3, 6]. In Blantyre
(southern Malawi), despite a reduction in population-
based HIV mortality and hospitalization, inpatient mor-
tality for PLHIV remained constant from 2012 to 2019
at the tertiary referral hospital (Queen Elizabeth Central
Hospital) [12].

The unwavering inpatient mortality trend in PLHIV can
be addressed by identifying key health system failures [4].
One key health system failure is a delayed diagnosis of
opportunistic infections in those with advanced HIV. The
delayed diagnosis often leads to delays in offering right-
ful treatment. To improve the diagnosis of opportunistic
infections and reduce inpatient mortality, KCH devel-
oped the following strategies: (1) restructuring wards to
include a medical “short stay” unit where patients are
stabilized and admitted and get routine opt-out HIV
testing, using routine order sets for specified conditions
[13], and (2) starting treatment for identified opportun-
istic infections and ART soon after diagnosis. Although
these strategies are already in place, most hospital deaths
in PLHIV still occur within two days of admission and

usually before a diagnosis of HIV and opportunistic
infection [2]. Therefore, there is still an urgent need for
improved, rapid diagnostic testing on admission to the
medical wards.

In areas with a high prevalence of TB and HIV, the
addition of advanced HIV rapid diagnostic tests (ADHIV
RDTs) for the diagnosis of TB and CM increases the yield
of TB and CM. ADHIV RDTs also reduce mortality in
some subgroups including those with CD4<100 cells/
mm?, anemia, and those with suspected TB at admission
[14]. Although urine LAM has the highest yield in those
with a CD4 count below 100 cells/mm?3, WHO guidance
stipulates that urine LAM should be performed for all
hospitalized patients regardless of CD4 count [15]. In
outpatient clinics, CM screening using serum CrAg and
preemptive treatment with antifungal drugs reduces
mortality, is feasible, and can be cost effective [16, 17].
However, there is still a gap in the implementation and
yield of routine screening for CM using serum CrAg in
hospitalized HIV-positive patients.

While following the WHO recommendations for the
management of advanced HIV infection, we adopted
and assessed the impact of ADHIV RDTs in the medical
wards at KCH for diagnosing TB and CM. We assessed
an organizational model where we incorporated rapid
diagnostic testing using urine LAM, urine X-pert, and
serum CrAg into the general medical inpatient care setup
at KCH, a tertiary level hospital in Malawi.

Methods
Study design and patients
KCH is a tertiary level hospital in the central region of
Malawi and is a referral hospital for five other district
hospitals. The hospital admits 8000 patients per year in
the medical wards. Standard of care services at the time
of the study included opt-out HIV testing and inpatient
ART initiation, TB diagnosis through clinical and radio-
logical criteria, microbiological fluid analysis (cell count,
gram stain), sputum ZN and sputum X-pert MTB/RIFE.
There was no routine screening for CM. For suspected
cases of CM, the diagnosis was made based on a sug-
gestive history followed by confirmation by CSF analysis
using Indian Ink stain.

We conducted a prospective cohort study where the
ADHIV RDTS (PIMA CD4 cell count, urine LAM, urine
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X-pert, and serum CrAg) were introduced in the admis-
sion and inpatient medical care setup for 6 months—
between 1 August 2016 and 31 January 2017. The TB/
HIV treatment room in the ward was modified to incor-
porate the required point of care test kits and testing
algorithms.

All HIV-positive patients in the ward were eligible to
have the ADHIV RDTs. However, because of limita-
tions in the availability of test kits and no personnel to
perform the tests on weekends and during the night,
not all HIV-positive patients had the ADHIV RDTs.
The ADHIV RDTs supplemented the routine care that
patients received. The PIMA CD4 cell count and urine
LAM were done in the ward while urine x-pert, serum,
and CSF CrAg were done at the laboratory. All Patients
with positive serum CrAg had a confirmatory lumbar
puncture (LP) for CM. Patients already on TB treatment
did not have a urine LAM or urine x-pert test but were
screened for CM.

We obtained ethical approval from the Malawi
National Health Research Committee and University of
North Carolina at Chapel Hill (UNC) IRB. Written con-
sent was required because these tests were not part of
routine care.

Protocol training

Immediately before the start of the study, we conducted
training for the study clinician and nurses. The study
principal investigator and microbiology department
technician at the UNC project led the training. The study
training included a theory segment and a practical seg-
ment on collecting samples and performing the urine
LAM, serum CrAg, and PIMA CD4 cell test. Urine x-pert
test was done at UNC project Laboratory and was not
part of the training sessions. Using the trainer of trainers’
model, the training propagated to all medical admissions
and inpatient care teams including nurses and clinicians.
The study nurse and clinician continued to supervise all
staff during the period.

Procedures

The study nurse identified all recently admitted PLHIV in
the ward during working hours and as close to the admis-
sion time as possible. Once identified, eligible patients
or their guardians provided informed consent for study
participation.

After enrollment, a urine specimen was collected in a
sterile container and tested in the ward for urine LAM
and transferred to UNC Project laboratory for urine
X-pert testing. Urine LAM was defined as positive using
the grade 1 cutoff on the manufacturer’s post-2014 refer-
ence card. CD4 cell counts were done by Alere PIMA®
CD4 machine. The study nurse, study clinician, or the
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hospital clinicians/nurses performed these tests. The
urine LAM test result and CD4 were available to the
patient within an hour of sample collection. The UNC-
Project laboratory also performed serum and CSF CrAg.
The goal was to have all results within 24 h of sample col-
lection. All tests were performed according to the manu-
facturer’s instructions. As part of routine clinical care
procedures at the hospital, all TB suspects who could
submit sputum received immediate sputum X-pert MTB/
RIF tests per the proposed Malawi algorithm. Other rou-
tine care procedures i.e. microbiological fluid analysis,
sputum Ziehl-Neelsen stain, X-rays, sonography, were
requested by the attending clinicians as needed.

We documented all results in the patient’s files for
review by the attending clinician in the ward. The clinical
management and provision of TB and or CM treatment
were at the discretion of the attending clinician by local
practice and national guidelines. TB diagnosis was either
confirmed (positive urine LAM/x-pert, Sputum AAFB/x-
pert MTB/RIF) or presumptive (based on clinical pres-
entation and imaging only). Using a standardized case
report form, the study team collected information from
the admission forms, ADHIV RDTs logs, and clinical
notes on demographics, final diagnosis, and treatment
outcomes for patients treated for TB and CM.

Statistical analysis
The data collected was double entered into a password-
protected customized Microsoft access 2013 Database.
Stata version 14.2 was used for all statistical analyses.
Categorical variables were summarized as counts and
percentages. Continuous variables were summarized
using medians and their corresponding interquartile
ranges (IQRs). We assessed the association between base-
line characteristics and HIV diagnosis status at admission
using fisher’s exact test (categorical variables) and Wil-
coxon rank-sum test (continuous variables). The Fisher’s
exact test was also used to assess the association between
CD4 count and positivity of each of the following: Urine
LAM, urine X-pert, and serum CRAG. We also used
the Fisher exact test to compare Urine LAM positivity
across different BMI levels. We calculated the sensitiv-
ity and specificity of urine LAM with urine X-pert as the
gold standard. Kappa statistic was used to compare the
agreement of test results between urine LAM and urine
X-pert.

Results

The ADHIV RDTs —PIMA CD4 cell count, urine LAM,
urine x-pert, serum CrAg were successfully incorporated
into the medical admissions and inpatient care. During
the intervention period, 3069 patients were admitted to
the medical wards. We could only ascertain HIV status
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in 2165 (70%) of the admissions. The HIV-positivity rate
of this group was 980/2165 (45%). 87% (849/980) were
known as HIV positive and were already on ART at this
hospital admission.

Of the 2165 PLHIV ascertained, only 438 PLHIV were
enrolled in the study. Among the enrolled patients,
335/438 (76%) were already known as HIV-positive at
admission, 73/438 (17%) were newly diagnosed with
HIV infection during admission and the time of HIV
diagnosis could not be ascertained in 30/438 (7%). The
baseline characteristics of the enrolled patients were sim-
ilar among participants with known, new, and unknown
diagnoses except for gender (p=0.01) and CD4 cell
count (p=0.02) (Table 1).

We measured CD4 cell count in 365/438 (83%), serum
CrAg in 301/438(69%), urine x-pert in 292/438 (67%) and
urine LAM in 363/438 (83%) of PLHIV. The median CD4
count was 144 (IQR: 46—-307). The overall positivity rate
for serum CrAg was 7.6% (23/301). Serum CrAg posi-
tive test was higher in patients with CD4 <100 cells/ml
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(11.5%) compared to patients with CD4 101-200 cells/
ml (5%) and CD4>200 cells/ml (4%), p=0.04 (Table 2).
Of the 23 patients who tested positive for serum CrAg,13
(56%) were confirmed CM by CSF CrAg; 9/13 (69%) of
CM started antifungal therapy within two days of LP
while 4/13(31%) died shortly after admission before treat-
ment could be administered.

Urine LAM positivity rate was 22% overall (81/363)
and significantly higher in patients with CD4 <100 cells/
ml (31.8%) compared to patients with CD4 101-200
cells/ml  (19.1%) and CD4>200 cells/ml (13.9%),
p=0.001 (Table 2). Positive Urine LAM was also signif-
icantly higher in patients with a low BMI than normal/
overweight (25/80 (32%) and 35/207 (17%) respectively
(p<0.005) and WHO stage 3 and 4 (p <0.001).

Among 334 patients who had both urine LAM and
urine X-pert testing, the number of TB cases detected
using urine LAM [76 (22.8%)] was higher compared to
the number of TB cases detected using urine X-pert [16
(4.8%)], proportion difference =0.18; 95% CI: 0.13— 0.23

Table 1 Characteristics of PLHIV who were screened for tuberculosis and cryptococcal meningitis while they were admitted to the

medical wards at KCH, Lilongwe, Malawi, 2016-2017

Characteristic Total HIV diagnosis on admission P-value*
0
N (%) Old diagnosis New diagnosis Unknown®
N (%) N (%) N (%)
Gender
Female 205 (47.8) 2) 24 (329) 17 (58.6) 0.01
Male 224 (52.2) 63 8) 49 (67.1) 12(414)
Age (years)
14-20 15 (3.8) 11(3.6) 4(5.7) 0(0.0)
21-30 87 (21.7) 65 (21.1) 16 (22.9) 6(27.3)
31-40 163 (40.8) 124 (40.3) 29(414) 10 (454) 0.92
41-50 85(21.2) 67 (21.7) 13(18.6) 5(227)
50+ 50(12.5) 41(13.3) 8(11.4) 1(4.6)
BMI
<185 80 (27.7) 64 (28.2) 13(27.1) 3(214)
18.5-24.9 185 (64.0) 141 (62.1) 33(68.7) 11(78.6) 0.79
25.0-299 18 (6.2) 17 (7.5) 1(2.1) 0(0.0)
30+ 3(2.1) 52) 120 0(0.0)
CD4 count
<100 cells/mm? 152 (41.5) 119 (41.9) 20(323) 12(63.2)
101-200 cells/mm? 69 (18.9) 46 (16.2) 20(323) 3(15.8) 0.02
> 200 cells/mm? 145 (39.6) 119(41.9) 22(354) 4(21.0)
WHO clinical stage
Stage 1 42(12.5) 30(11.4) 11 (19.6) 1(6.7)
Stage 2 11(33) 10 (3.8) 1(1.8) 00 0.08
Stage 3 215 (64.0) 164 (62.1) 40(71.4) 10 (66.7)
Stage 4 68(20.2) 60 (22.7) 4(7.2) 4(26.6)

9 missing gender, 38 missing age, 149 missing BMI, 9 missing gender, 73 missing CD4 cell count, and 103 missing WHO clinical stage

*Fisher's exact test
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Table 2 Results of rapid diagnostic tests for PLHIV admitted in the medical wards and screened for TB and CM stratified by the CD4

cell count at KCH, Lilongwe, Malawi, 2016-2017

Characteristic Total CDA4 cell count P-value”
N (%) <100 cells/mm?3 101-200 cells/mm? >200 cells/mm?
N (%) N (%) N (%)

Serum CrAg

Negative 278 (92.4) 108 (88.5) 52(91.2) 118(96.7)

Positive 23 (7.6) 14 (11.5) 5(8.8) 4(3.3) 0.04
Urine LAM

Negative 282(77.7) 103 (68.2) 55(80.9) 124 (86.1)

Positive 81(22.3) 48 (31.8) 13(19.1) 20(13.9) 0.001
Urine X-pert

Negative 278(95.2) 104 (88.9) 57 (98.3) 117 (100)

Positive 14 (4.8) 13(11.1) 1(1.7) 0(0) <0.001

Among those with CD4 cell count results, 64 did not have CrAg or CrAg results were missing; 2 did not have urine LAM results, and 73 did not have urine X-pert test or

urine X-pert results were missing

" Fisher's exact test

Table 3 Performance of urine x-pert and Urine LAM for PLHIV
admitted in the medical wards and screened for TB at KCH,
Lilongwe, Malawi, 2016-2017 N=334

Urine X-pert

Positive Negative Total

N (%) N (%) N (%)

Urine LAM  Positive 13(81.3) 63(19.8) 76 (22.7)
Negative 3(187)  255(80.2) 258(77.3)
Estimate (95% Cl)

Sensitivity 81.3% (54.4, 96.0)
Specificity 80.2% (75.4, 84.4)

(
17.1% (9.4, 27.5)
98.8% (96.6, 99.8)
80.2% (75.6,83.4)
0.22(0.11,0.33)

Positive predictive value
Negative predictive value
Agreement

Kappa statistic

(p<0.001) Of the 16 patients who tested positive using
urine X-pert, 13 tested positive using urine LAM (LAM
sensitivity =81.3%; 95% CI: 54.4, 96.0%). The agreement
in test results between Urine X-pert and Urine LAM was
80.2% and kappa statistic for agreement was 0.22, 95% CI:
0.11- 0.33. (Table 3).

Overall, 97 patients were diagnosed with confirmed TB
(84%) or presumed TB (16%).

Because of the poor inpatient record-keeping system,
only 241 (55%) patients had a known outcome after hos-
pitalization. Of these, 46 /241 died (mortality rate=19.1;
95% CI: 14.6-24.6). Among all the patients diagnosed
with TB (97), 61 had known hospitalization outcomes.
Of the 61 TB patients with known hospitalization out-
comes, 18 patients died (mortality rate=29.5%; 95% CI:

19.2-42.4) despite the prompt initiation of TB therapy
within 24 h of diagnosis.

Only 16 files of the 23 files for patients who had serum
CrAg positive were available to ascertain hospitaliza-
tion outcomes. Of these 16 patients, 4 died (mortality
rate=25.0%; 95% CI: 8.6—54.3), had confirmed CM and
died before treatment.

Discussion

The model of integrating HIV and TB treatment has been
successful in outpatient clinics treating HIV patients
co-infected with TB [18, 19]. We now demonstrate the
successful use of ADHIV RDTs in hospital services at a
tertiary level hospital in Malawi as a preface to scale up
in the country. The program was successful because of
didactic training, practical demonstrations of use, the
ease of testing using a preset algorithm, and continu-
ous supervision of the new intervention. In addition, the
ADHIV RDTs were incorporated into the existing sys-
tem already providing ART and TB drugs in the medical
wards. This helped in reducing the time between diagno-
sis and treatment of HIV, TB, and CM.

Not surprisingly, CrAg positivity was higher in the
hospital setting than in previously documented outpa-
tient settings in Malawi.The prevalence of CrAg positiv-
ity among outpatients with CD4 < 100 cells/ml and WHO
stage IV was 3.5% (95% CI: 0-8.4%) and 5.0% (95% CI:
0-15%), respectively [17]. A meta-analysis shows in con-
cordance to our setting that the prevalence of cryptoc-
caemia is higher in hospitalized patients (9.8% [95% CI,
4.0-15.5%]) compared with outpatients (6.3% [95% CI,
5.3-7.4%]) [20]. In our study, a higher inpatient CrAg
positivity rate may have been a result of screening all
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PLHIV hospitalized regardless of CD4 count or WHO
stage. Our finding that more than half of the serum CrAg
positive patients had confirmed CM supports the need
for CrAg screening and preemptive antifungal treat-
ment at the time of HIV diagnosis for all patients with
advanced HIV disease [8, 15].

The urine X-pert test did not significantly add to the
detection of disseminated TB beyond urine LAM. This is
also well supported in a clinical trial which showed that
urine LAM had major incremental diagnostic benefit
with urine X-pert contributing few additional diagno-
ses [14]. The Urine LAM is also easier to use in our set-
ting as it was conducted on the ward whereas the urine
X-pert required transportation and testing in the labora-
tory. The lower cost, easier use, and higher performance
of the Urine LAM make it a logical test for investment
and incorporation to increase TB diagnosis. Urine X-pert
has no significant addition to urine LAM as a rapid diag-
nostic test for TB and therefore can be eliminated from
advanced HIV care algorithms for resource-limited
settings.

Lower CD4 count (<200 cells/mm?®) was the most
important predictor of a positive Urine LAM and serum
CrAg test. Hence, CD4 count remains an important
marker of the performance of the ADHIV RDTs. How-
ever, considering the time and cost of the CD4 cell count
test, we need to evaluate the cost-effectiveness of add-
ing a CD4 cell count test in the hospitalized patient as
a benchmark for performing ADHIV RDTs. Certainly,
the outpatient models show the cost-effectiveness of
preemptive screening for cryptococcal disease regard-
less of CD4 [14, 19]. In our study, half of the patients
had CD4 counts below 200 cells/mm? but positive cases
of LAM and CrAg were also found among patients with
CD4>200 cells/mm?® emphasizing the need to follow
advanced HIV disease full package model for all hospital-
ized patients [15].

Despite the substantial coverage of ART in Malawi
(86%) [22], hospitalization for HIV related complications
remains high (45%). In this study, inpatient mortality was
30% for those with TB and 21% within two weeks of CM
diagnosis, similar to r previously reported clinical tri-
als [23]. There is some evidence of long-term impact on
mortality using ADHI RDTs for TB but not for CM [14,
21, 24]. Our study was not able to conduct routine HIV
RNA to determine the rate of treatment failure among
these inpatients with ART experience or fully evaluate
their adherence. However, the treatment failures iden-
tified in hospital admissions represent failures in the
outpatient systems of the HIV program. These system
problems may include inadequate pre-ART screening
for opportunistic infections, missed treatment failure
evaluations, weak retention strategies for defaulters, late
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diagnosis of HIV infection, and late presentation for
acute illnesses. The short time from admission to death
for our cases highlights that real-time inpatient diagno-
sis may be too late to significantly alter mortality for our
inpatient population. Strengthening outpatient programs
is needed to reduce mortality.

We could not assess all inpatients due to high volumes
and limited resources. However, we believe the patients
in this study reflect a true picture of the situation in the
medical department. We were also unable to ascertain
all inpatient outcomes that may have affected our over-
all inpatient mortality estimate. The study staff looked
through all discharge/death folders and notes available
in the wards but some files were missed because of inad-
equate record keeping. The hospital record-keeping is
poor because the hospital uses paper-based unstandard-
ized documentation. Most missing files would presum-
ably be of patients who died as death files are taken away
from the wards expeditiously to perform death audits.
However, TB and CM diagnoses and mortality estimates
in this study align with previous work in Malawi [3, 6, 12,
23].

Key challenges in the implementation of ADHIV RDTs
noted were inability to assess all admissions with existing
staff, high turnover of staftf requiring continuous men-
torship, renovation of space to include adequate lighting
for visualization of ADHIV RDTs results, and the time
required to perform a test that required dedicated staff.
These thematic areas need further exploration as the
scale-up ADHIV RDTs for management of opportunistic
infections continues.

Conclusion

ADHIVRDTs for TB and CM in hospitalized HIV-posi-
tive patients can lead to improvements in the timely diag-
nosis and treatment of TB and CM. The urine LAM test
remains easy to perform assay and has the best yield for
disseminated TB. One implementation challenge is lim-
ited trained personnel to administer the tests. Therefore,
it is necessary to train other cadres apart from nurses,
clinicians, and laboratory technicians to conduct these
tests. Despite the rapid diagnosis and initiation of treat-
ment, mortality remains high for TB and CM, suggest-
ing the need for earlier diagnosis in an outpatient setting.
Research is imperative to define risks for high mortal-
ity in patients with advanced HIV disease to improve
outcomes.

Abbreviations

ART: Antiretroviral therapy; CM: Cryptococcal meningitis; Crag: Cryptococcal
antigen; HIV: Human immunodeficiency virus; KCH: Kamuzu Central Hospital;
LAM: Lipoarabinomannan; ADHIV RDTS: Advanced HIV Rapid diagnostic tests;
TB: Tuberculosis; PLHIV: People living with HIV; LP: Lumbar puncture; UNC:
University of North Carolina.



Kanyama et al. BMC Infectious Diseases (2022) 22:224

Acknowledgements

We would like to thank Lighthouse Trust medical team, KCH for the provision
of space and assisting with RDTS, Tom Heller for mentorship, and the study
ward clerks for their support with data acquisition.

Authors’ contributions

CK, MC, WK, and MCH—conception, design, analysis, and interpretation of
data, drafting and revision of the drafts; EK, IS, BA, and CC—conception and
acquisition of data; JN—acquisition of data and supervision of medical staff.
All authors read and approved the final manuscript.

Funding

This project was funded by CFAR Developmental Award GRANT NUMBER:
P30A150410. The writing of the manuscript was supported by Malawi
HIV Implementation Research Scientist Training (MHIRST) program.
(5D43TW010060, Fogarty International Centre).

Availability of data and materials

The full data set supporting the conclusions of this article is held by the cor-
responding author and can be made available on request. Email: ckanyma@
med.unc.edu.

Declarations

Ethics approval and consent to participate

Ethics approval was obtained from the Malawi National Health Science
Research Committee and the University of North Carolina Medical School
institutional review board. Written informed consent was obtained from all
participants of the guardian if the patient was incapacitated. This study and all
methods were performed by the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'The University of North Carolina Project-Malawi, Tidziwe Centre, Private Bag
A-104, Lilongwe, Malawi. >Kamuzu Central Hospital, Ministry of Health, PO
Box 149, Lilongwe, Malawi. *Partners In Hope, PO Box 302, Lilongwe, Malawi.
“Lighthouse Trust, Kamuzu Central Hospital, PO Box 106, Lilongwe, Malawi.

Received: 30 September 2021 Accepted: 28 February 2022
Published online: 05 March 2022

References

1. Reniers G, Slaymaker E, Nakiyingi-Miiro J, Nyamukapa C, Crampin AC,
Herbst K, et al. Mortality trends in the era of antiretroviral therapy: evi-
dence from the Network for Analysing Longitudinal Population based
HIV/AIDS data on Africa (ALPHA). AIDS. 2014;28(Suppl 4):5533-542.

2. Palella FJ, Baker RK, Moorman AC, Chmiel JS, Wood KC, Brooks JT, et al.
Mortality in the highly active antiretroviral therapy era: changing
causes of death and disease in the HIV outpatient study. J Acquir
Immune Defic Syndr. 2006;43(1):27-34.

3. Matoga MM, Rosenberg NE, Stanley CC, LaCourse S, Munthali CK,
Nsona DP, et al. Inpatient mortality rates during an era of increased
access to HIV testing and ART: a prospective observational study in
Lilongwe, Malawi. PLoS ONE. 2018;13(2): €0191944.

4. Wajanga BM, Webster LE, Peck RN, Downs JA, Mate K, Smart LR, et al.
Inpatient mortality of HIV-infected adults in sub-Saharan Africa and
possible interventions: a mixed methods review. BMC Health Serv Res.
2014;3(14):627.

5. Carmona S, Bor J, Nattey C, Maughan-Brown B, Maskew M, Fox MP,
et al. Persistent high burden of advanced HIV disease among patients
seeking care in South Africa’s National HIV Program: data from a

nationwide laboratory cohort. Clin Infect Dis. 2018;66(suppl_2):5111-7.

20.

21.

22.

23.

Page 7 of 8

Akinkuotu A, Roemer E, Richardson A, Namarika DC, Munthali C, Bahl-
ing A, et al. In-hospital mortality rates and HIV: a medical ward review,
Lilongwe, Malawi. Int J STD AIDS. 2011;22(8):465-70.

Cox JA, Lukande RL, Nelson AM, Mayanja-Kizza H, Colebunders R,

Van Marck E, et al. An autopsy study describing causes of death and
comparing clinico-pathological findings among hospitalized patients
in Kampala, Uganda. PLoS ONE. 2012;7(3): e33685.

Martinson NA, Karstaedt A, Venter WDF, Omar T, King P, Mbengo T, et al.
Causes of death in hospitalized adults with a premortem diagnosis of
tuberculosis: an autopsy study. AIDS. 2007;21(15):2043-50.

Wong EB, Omar T, Setlhako GJ, Osih R, Feldman C, Murdoch DM, et al.
Causes of death on antiretroviral therapy: a post-mortem study from
South Africa. PLoS ONE. 2012;7(10): e47542.

Karat AS, Omar T, von Gottberg A, Tlali M, Chihota VN, Churchyard

GJ, et al. Autopsy prevalence of tuberculosis and other potentially
treatable infections among adults with advanced HIV enrolled in out-
patient care in South Africa. PLoS ONE. 2016;11(11): e0166158.

. Gupta RK, Lucas SB, Fielding KL, Lawn SD. Prevalence of tuberculo-

sis in post-mortem studies of HIV-infected adults and children in
resource-limited settings: a systematic review and meta-analysis. AIDS.
2015;29(15):1987-2002.

Burke R, Henrion M, Mallewa J, Masamba L, Kalua T, Khundi M, et al.
Incidence of HIV-related hospital admission and inpatient mortality in
Malawi (2012-2019): a population cohort study. SSRN Electron J. 2020.
https://doi.org/10.2139/55rn.3751320.

LaCourse SM, Chester FM, Matoga M, Munthali C, Nsona D, Haac B,

et al. Implementation and operational research: implementation of
routine counselor-initiated opt-out HIV testing on the adult Medical
Ward at Kamuzu Central Hospital, Lilongwe, Malawi. J Acquir Immune
Defic Syndr. 2015;69(1):e31-35.

Gupta-Wright A, Corbett EL, van Oosterhout JJ, Wilson D, Grint D,
Alufandika-Moyo M, et al. Rapid urine-based screening for tubercu-
losis in HIV-positive patients admitted to hospital in Africa (STAMP):

a pragmatic, multicentre, parallel-group, double-blind, randomised
controlled trial. Lancet. 2018;392(10144):292-301.

Guidelines for managing advanced HIV disease and rapid initiation of
antiretroviral therapy. Geneva: World Health Organization; 2017. (WHO
Guidelines Approved by the Guidelines Review Committee). http://
www.ncbi.nim.nih.gov/books/NBK475977/. Accessed 6 Aug 2020.
Jarvis JN, Harrison TS, Lawn SD, Meintjes G, Wood R, Cleary S. Cost
effectiveness of cryptococcal antigen screening as a strategy to pre-
vent HIV-associated cryptococcal meningitis in South Africa. PLoS ONE.
2013;8(7): €69288.

Chipungu C, Veltman JA, Jansen P, Chiliko P, Lossa C, Namarika D, et al.
Feasibility and acceptability of cryptococcal antigen screening and
prevalence of cryptocococcemia in patients attending a resource-
limited HIV/AIDS Clinic in Malawi. J Int Assoc Provid AIDS Care.
2015;14(5):387-90.

Pathmanathan |, Pasipamire M, Pals S, Dokubo EK, Preko P, Ao T, et al.
High uptake of antiretroviral therapy among HIV-positive TB patients
receiving co-located services in Swaziland. PLoS ONE. 2018;13(5):
e0196831.

Herce ME, Morse J, Luhanga D, Harris J, Smith HJ, Besa S, et al. Integrat-
ing HIV care and treatment into tuberculosis clinics in Lusaka, Zambia:
results from a before-after quasi-experimental study. BMC Infect Dis.
2018;18(1):536.

Ford N, Shubber Z, Jarvis JN, Chiller T, Greene G, Migone C, et al. CD4
cell count threshold for cryptococcal antigen screening of HIV-infected
individuals: a systematic review and meta-analysis. Clin Infect Dis.
2018;66(suppl_2):5152-9.

Wake RM, Govender NP, Omar T, Nel C, Mazanderani AH, Karat AS, et al.
Cryptococcal-related mortality despite fluconazole preemptive treat-
ment in a cryptococcal antigen screen-and-treat program. Clin Infect
Dis. 2020;70(8):1683-90.

HIV and AIDS in Malawi. Avert. 2015. https://www.avert.org/profession
als/hiv-around-world/sub-saharan-africa/malawi. Accessed 7 May
2021.

Molloy SF, Kanyama C, Heyderman RS, Loyse A, Kouanfack C, Chanda D,
et al. Antifungal combinations for treatment of cryptococcal meningi-
tis in Africa. N Engl J Med. 2018;378(11):1004-17.


https://doi.org/10.2139/ssrn.3751320
http://www.ncbi.nlm.nih.gov/books/NBK475977/
http://www.ncbi.nlm.nih.gov/books/NBK475977/
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/malawi
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/malawi

Kanyama et al. BMC Infectious Diseases (2022) 22:224

24. Peter JG, Zijenah LS, Chanda D, Clowes P, Lesosky M, Gina P, et al. Effect
on mortality of point-of-care, urine-based lipoarabinomannan testing
to guide tuberculosis treatment initiation in HIV-positive hospital
inpatients: a pragmatic, parallel-group, multicountry, open-label,
randomised controlled trial. Lancet. 2016;387(10024):1187-97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Implementation of tuberculosis and cryptococcal meningitis rapid diagnostic tests amongst patients with advanced HIV at Kamuzu Central Hospital, Malawi, 2016–2017
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design and patients
	Protocol training
	Procedures
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


