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ABSTRACT

Objectives: The COVID-19 pandemic had a disruptive impact on tuberculosis (TB) and HIV services. We
assessed the in-hospital TB diagnostic care among people with HIV (PWH) overall and before and during
the pandemic.
Methods: In this prospective study, adult PWH admitted at three hospitals in Ghana were recruited if
they had a positive World Health Organization four-symptom screen or one or more World Health Orga-
nization danger signs or advanced HIV. We collected data on patient characteristics, TB assessment, and
clinical outcomes after 8 weeks and used descriptive statistics and survival analysis.
Results: We enrolled 248 PWH with a median clusters of differentiation 4 count of 80.5 cells/mm? (in-
terquartile range 24-193). Of those, 246 (99.2%) patients had a positive World Health Organization four-
symptom screen. Overall, 112 (45.2%) patients obtained a sputum Xpert result, 66 (46.5%) in the prepan-
demic and 46 (43.4%) in the pandemic period; P-value = 0.629. The TB prevalence of 46/246 (18.7%) was
similar in the prepandemic 28/140 (20.0%) and pandemic 18/106 (17.0%) population; P-value = 0.548. The
8-week all-cause mortality was 62/246 (25.2%), with no difference in cumulative survival when stratifying
for the pandemic period; log-rank P-value = 0.412.
Conclusion: The study highlighted a large gap in the access to TB investigation and high early mortality
among hospitalized PWH, irrespective of the COVID-19 pandemic.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

icant reduction in TB cases and TB-associated deaths among peo-
ple with HIV (PWH). However, the progress toward controlling the

Decades of worldwide scale-up of antiretroviral therapy (ART) dual epidemic is slower than envisioned, and the COVID-19 pan-
and tuberculosis (TB) control efforts have contributed to a signif- demic has had a disproportional negative impact on worldwide TB
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control [1,2]. Disruptions in health care services like interrupted
ART and delayed TB diagnosis and treatment in countries highly
burdened by HIV and TB may lead to increasing HIV and TB deaths
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over the next 5 years compared with if the COVID-19 pandemic
never occurred [3].

Similar to the HIV continuum of care, a TB care cascade was
constructed to evaluate the patient flow from symptom onset to
the end of a successful TB treatment [4]. Population-based evalua-
tions of the cascade in TB endemic areas have shown that patients
co-infected with HIV/TB were less likely to complete the TB care
cascade than people without HIV [5,6] and that the largest loss
of patients from the cascade was due to patients not accessing TB
testing [5,7].

Ghana has an estimated adult HIV prevalence of 1.7% [8], an es-
timated TB incidence rate of 143 per 100,000 population [9], and a
TB prevalence of 356 per 100,000 population [10]. Notably, in 2020,
only 26% of the estimated 8.100 HIV-associated TB cases were no-
tified in Ghana, implying a TB diagnostic gap in this population [8].

COVID-19 first appeared in Ghana on March 12, 2020 and
prompted the banning of public gatherings; school closures; and
a 3-week partial lockdown of Accra, Kasoa, and Kumasi [11].
The country’s comprehensive COVID-19 test and contact tracing
strategy soon expanded to be performed in decentralized public
and private laboratories [12], including public chest laboratories,
where the existing Cepheid Xpert MTB/RIF® assay (Xpert; Sun-
nyvale, CA, USA) machines dedicated for TB testing, were used
to diagnose COVID-19 [13]. The mild or asymptomatic course of
COVID-19 among 80-90% of persons infected and the high rate
of self-treatment [12] in Ghana should be taken into considera-
tion when interpreting the national cumulative COVID-19 case rate
that reached 118,000, including 1020 COVID-19 deaths, at the end
of August 2021 [14]. Up to then, there had been three distinct
COVID-19 waves, with peak weekly incidence rates between 15.6
and 18.6 per 100,000 population, including the B.1.1 variant on
July 29, 2020, the B.1.1.7 variant (Alpha) on January 31, 2021, and
the B.1.617.2 variant (Delta) on August 8, 2021 [14-16]. Seropreva-
lence studies suggest high COVID-19 exposure in African commu-
nities, including Ghana, with the COVID-19 seroprevalence of 3.0%
in April-June 2020 increasing to 65% in July-September 2021 [17].
Disruptions in both HIV and TB service delivery have been re-
ported from Ghana during the pandemic, with decreasing TB noti-
fications [18] and health workers confirming shortages of HIV tests
and treatment and missed ART refill appointments [19].

Previous studies from Ghana have described a high TB preva-
lence and a poor prognosis among hospitalized PWH [20,21] but
none in the context of the COVID-19 pandemic. With this prospec-
tive study, we aimed to describe the routine in-hospital TB diag-
nostic care cascade among PWH in Ghana and assess the impact
of the COVID-19 pandemic on patient characteristics and early out-
comes for TB care. The evaluation of routine in-hospital TB care
among PWH may identify gaps in the TB cascade and assist qual-
ity improvements of care.

Methods
Study design

We conducted a multisite, prospective cohort study of the in-
hospital routine TB care cascade among PWH admitted to the med-
ical wards at three governmental hospitals in the Greater Accra
Region of Ghana from October 14, 2019 to July 05, 2021. This
study represents a substudy to the Point-of-care strategies to im-
prove tuberculosis care among severely immunosuppressed HIV in-
fected patients (TBPOC) study, an open-label multicenter, stepped
wedge cluster randomized controlled study, with implementation
of the urine lateral flow lipoarabinomannan (LAM) TB diagnostic
test (ClinicalTrials.gov Identifier: NCT04122404). Due to a likely im-
pact of the LAM intervention on the TB diagnostic cascade, this
current study is based on data collected before the LAM interven-
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tional phase (Figure S1). As a result of the national COVID-19 mea-
sures and restrictions in conducting clinical research at the study
sites, we did not enroll patients in the study between March and
October 2020, representing the period of the first COVID-19 wave
in Ghana and the division between the prepandemic and the pan-
demic study period.

Study population

We recruited PWH consecutively when admitted to the medi-
cal wards at Tema General Hospital, Lekma Hospital, and Korle-Bu
Teaching Hospital and followed up participants for 8 weeks. The el-
igibility criteria included: age 18 years or older; able to give writ-
ten informed consent; and having either a positive World Health
Organization (WHO) four-symptom screen (W4SS; at least one of
the following: cough, weight loss, fever, or night sweats), or ad-
vanced HIV disease (defined as clusters of differentiation 4+ T-
lymphocyte count [CD4 count] of less than 200 cells/mm3 or a
WHO clinical stage 3 or 4 event at presentation for care), or a
WHO danger sign (respiratory rate >30 breaths per minute, tem-
perature >39°C, heart rate >120 beats per minute, or being unable
to walk unaided) [22]. Patients were excluded from participation
if they had received TB treatment or preventive treatment in the
preceding 60 days or had participated in the study before.

Study sites

Patients were enrolled from the medical wards at the following
sites: Tema General Hospital, a large-sized hospital providing care
for 3000 PWH; Lekma Hospital, a medium-sized district hospital
providing care for 1100 PWH; and Korle-Bu Teaching Hospital, a
large referral hospital providing care for 6700 PWH. The hospitals
offer routine HIV and TB care for an urban population and have
access to Xpert for TB diagnosis at on-site laboratories. TB treat-
ment is offered from on-site chest clinics or administrated on the
wards by public health nurses. The national TB guidelines recom-
mends screening of PWH with the WA4SS at all health facility visits
and with chest X-ray twice [23]. Sputum Xpert is the first-line TB
diagnostic test in Ghana since 2017 [23] and the next generation
Xpert MTB/RIF Ultra has gradually replaced the original cartridge
since 2019 [24]. The national policy is to provide all TB and HIV
tests and treatments free of charge for patients [23].

The three study sites were all located near several important
COVID-19 hotspots in Greater Accra region [11], and during the
pandemic period, the medical wards were restructured to accom-
modate patients with confirmed or suspected COVID-19. A COVID-
19 signs and symptoms screening tool was used at the hospital
points of entry to decide whether COVID-19 testing and isolation
should be performed.

Data collection, study variables, and TB care outcomes

Trained research assistants screened the wards daily for eligi-
ble patients and obtained written informed consent. For patients
consenting, we used a pretested paper data collection tool to col-
lect baseline information on patient demographics, medical history,
initial medical evaluation, and basic blood test results and during
admission, information on the acquisition and timing of routine
TB investigations, results from other microbiology testing, and out-
comes of admission. In addition to the current routine care, we ob-
tained baseline CD4 counts and for patients with sputum availabil-
ity, one sputum sample was collected for storage and evaluation
later in batches, including smear microscopy for acid-fast bacilli
and TB liquid culture performed at chest clinic laboratory at Korle-
Bu Teaching Hospital. The patients’ results were communicated to
the attending physician or provided in the patient’s medical folders
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as soon as the results were known to the study team. Patients un-
derwent an 8-week follow-up assessment, including a basic phys-
ical evaluation; record review, and interview for information on
HIV; and TB clinical and treatment status. In instances where it
was not possible to assess the patient physically at follow-up, we
conducted a phone interview with the patient or listed contact
person and reviewed the medical records including hospital death
records to obtain date and cause of death for deceased patients.

Our primary outcome measure for TB care was the proportion
of patients with available sputum Xpert results. The secondary out-
comes were the proportion of patients with available chest X-ray,
TB prevalence rate, proportion of patients initiating TB treatment,
and 8-week all-cause mortality. We recorded the time in days from
admission to the outcomes of interest or the end of follow-up. For
the Xpert and chest X-ray, we included results obtained from 14
days before admission to the end of follow-up.

The outcomes selected were considered clinically important and
key steps in the in-hospital TB care cascade, as described in previ-
ous literature and WHO recommendations [25-28].

For data management, we used REDCap (Research electronic
Data Capture) [29].

Definitions and statistical analysis

We used the following TB case definition within follow-up:
“confirmed TB” if Mycobacterium tuberculosis was detected in res-
piratory or extrapulmonary samples by Xpert or liquid culture;
“probable TB” if not “confirmed TB” but one of the following: spu-
tum smear microscopy positive, a high clinical suspicion of TB and
referred for TB treatment initiation, or recorded dead with or from
TB per medical records; and “unlikely TB” if not meeting the crite-
ria for “confirmed” or “probable” TB.

Descriptive analysis was used to characterize the study popu-
lation. We compared clinical characteristics and study outcomes
for the prepandemic and the COVID-19 pandemic population using
chi-square or Fisher’s exact test for categorical data and unpaired
two-sample t-test or Mann-Whitney U test for continuous data.

An adjusted log-binominal generalized linear model was fitted
to identify co-variates associated with having an Xpert test per-
formed. We treated age >40 years, male sex, CD4 count <100
cells/mm?3, self-reported cough, being unable to walk unaided, and
admission during the COVID-19 pandemic as clinically relevant co-
variates of having an Xpert performed. A cluster variance estimator
was used to adjust the model standard error for the hospital.

The cumulative probability of 8-week survival was estimated by
means of the Kaplan-Meier method stratified by pandemic period
and compared with the log-rank test. To assess the impact of ad-
mission during the COVID-19 pandemic on all-cause 8-week mor-
tality, we used Cox proportional hazard regression. We treated age
>40 years, male sex, and CD4 count <100 cells/mm?3 as co-variates
of early mortality and included them in the multivariate model. A
cluster variance estimator was used to adjust the model standard
error for the hospital. Using a global test value based on Schoen-
feld residuals, >0.05, we considered the model proportional haz-
ard assumption as fulfilled. In the survival analysis, patients alive
and followed up after day 56 were censored to follow-up on day
56. Statistical significance was defined as a two-sided P-value of
<0.05. All analyses were performed using STATA/BE 17.0 software.

Results
Patient characteristics
Between October 2019 and July 2021, 248 patients met the in-

clusion criteria, with 142 (57.3%) patients enrolled in the prepan-
demic period and 106 (42.7%) patients in the COVID-19 pandemic
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period (Figure 1). Patients were characterized by female sex, 178
(71.8%), a median age of 41.5 (interquartile range [IQR] 34-48)
years and a median CD4 count of 80.5 (IQR 24-193) cells/mm3
(Table 1). Males had a lower median CD4 count of 52 (17-132)
cellsy/mm? than females with a median CD4 count of 92 (28-224)
cellsymm?; P-value = 0.010. Upon enrollment, 122 (49.2%) patients
were newly diagnosed with HIV. Of the 126 (50.8%) patients with
known HIV, 79 (62.7%) were taking ART. Of the patients, 243
(98.0%) had a WHO HIV clinical stage IIl or IV event and 246
(99.2%) had a positive W4SS. Patients enrolled during the COVID-19
pandemic had higher median CD4 count (94.5 [IQR 31-235] vs 62.5
[IQR 22-173], P-value = 0.029), lower prevalence of self-reported
cough (63/106 [59.4%] vs 115/142 [81.0%], P-value <0.001), and
lower prevalence of abnormalities on chest X-ray (30/48 [62.5%] vs
48/58 [82.8%], P-value = 0.019) than the prepandemic population
(Table 1). Among patients enrolled in the pandemic period, 13/106
(12.3%) obtained a SARS-COV-2 polymerase chain reaction test. Of
those, one of 13 (7.7%) had confirmed COVID-19.

Routine TB care outcomes

Among all PWH on admission, 154/248 (62.1%) patients had a
sputum Xpert request. Of those, 112/154 (72.7%) had an Xpert per-
formed (Figure 2) after a median of 4 (IQR 2-6.5) days upon ad-
mission (Table S1). The proportion having an Xpert (Table 2), the
time to Xpert testing (Table S1), and the Xpert positivity (M. tuber-
culosis complex detected) rate (Table S2) were similar over the two
periods. In a multivariate model, being admitted during the COVID-
19 pandemic did not alter the chance of having an Xpert test per-
formed (risk ratio [RR] 1.10, 95% confidence interval [CI] 0.96-1.24,
P = 0.158), whereas patients were more likely to have Xpert per-
formed if CD4 count <100 cells/mm? (RR 1.31, 95% CI 1.22-1.41, P
<0.001) or reporting cough (RR 2.37, 95% CI 1.80-3.13, P <0.001;
Table 3.). Overall, 99/248 (39.9%) patients did not obtain an Xpert
result nor a chest X-ray within the follow-up.

The overall TB prevalence of 46 of 246 (18.7%; 95% Cl 14.0-
24.1) remained stable over the two periods (Table 2), including
15 patients with confirmed TB (6.1%; 95% CI 3.5-9.9) and 31 pa-
tients with probable TB (12.6%; 95% CI 8.7-17.4). Among patients
with confirmed TB or probable TB, 17 (36.9%) were males and 29
(63.0%) were females. Patients with TB were severely immunosup-
pressed, with a prepandemic median CD4 count of 55 (IQR 17-
126) cellsf/mm3 and a pandemic median CD4 count of 57.5 (IQR
9-101) cells/mm?3; P-value = 0.845. Of patients diagnosed with TB,
38/46 (82.6%) were referred for TB treatment initiation (Figure 3).
Of those 33/38 (86.8%) initiated TB treatment (Table 2) after a me-
dian 6 (IQR 4-8) days (Table S1). Patients with confirmed TB were
initiated on TB treatment at a higher rate (14 of 15 [93.3%]) than
patients with probable TB (19/31 [61.3%], P-value = 0.024).

Among patients not on ART at enrollment, 122 of 154 (79.2%)
initiated ART during follow-up after a median 12 (IQR 6-20) days
in the prepandemic period and after a median 6.5 (IQR 3-18) days
in the pandemic period; P-value = 0.031 (Table S1).

Mortality

The 8-week all-cause mortality rate was 62/246 (25.2%; 95% CI
20.0-31.1) (Table 2). The median days from admission to death was
17.5 days (IQR 10-33; Table S1). There was no difference in the 8-
week cumulative survival when stratifying for the pandemic period
(log-rank P-value = 0.412; Figure 4), and the admission during the
pandemic period was not a predictor of 8-week all-cause mortal-
ity in a multivariate model (hazard ratio 0.94, 95% CI 0.48-1.83,
P = 0.861; Table 4).

In the subgroup analyses for patients with TB, the mortality rate
was 19/46 (41.3%; 95% CI 27.0-56.8); 2/15 (13.3%; 95% CI 1.7-40.5)
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5.542 new medical admissions

Tema General Hospital: 3.514
Lekma Hospital: 477
Korle Bu Teaching Hospital: 1.551
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5.047 not approached

Reason:

119 died

420 discharged

14 already enrolled

4.493 HIV status negative or unknown

495 patients approached for
eligibility screening

J

Reason:
2

10

150

4

15

9

36

\s

ﬂm excluded after eligibility screening

~

HIV status negative or unknown
<18 years

Not able to give consent®

Not eligible for urine LAM defined by WHO"
Current TB treatment

Participated in the same study before
Eligible but not consented

Other reason®

J

[251 patients enrolled in TBPOC study]

Reason:
3

3 excluded

Recruited twice

248 patients included in analysis

Tema General Hospital:
Lekma Hospital:
Korle Bu Teaching Hospital:

142 vs 106 in the pre-pandemic vs COVID-19 pandemic period

148 (65 vs 83)
33 (33 vs0)
67 (44 vs 23)

Figure 1. Eligibility screening.

Abbreviations: LAM, lateral flow lipoarabinomannan; TB, tuberculosis; WHO, World Health Organization.
a. Not able to give informed consent due to critical illness including cerebral impairment.
b. Not having advanced HIV disease (WHO HIV stage III or IV or clusters of differentiation 4-cell count <200 cells/ymm?3) and not being seriously ill (defined by WHO danger

signs) and not having a positive WHO TB symptom screening.

c. HIV status not disclosed to the patient and other reasons that hindered an informed consent.

for confirmed TB cases and 17/31 (54.8%; 95% CI 36.0-72.7) for
probable TB cases (P-value = 0.010), and there was no difference
in the mortality rate over the prepandemic (13/28, 46.4%) and the
pandemic (6/18, 33.3%) period (P-value = 0.379).

Discussion

This study prospectively describes the in-hospital TB diagnos-
tic care and early clinical outcomes among severely ill PWH before
and during the COVID-19 pandemic in Ghana. We identified a ma-
jor gap in reaching all patients eligible for TB investigation with
sputum Xpert and chest X-ray, which remained similarly large over
the two periods. The TB prevalence and 8-week all-cause mortality
were comparably high before and during the COVID-19 pandemic.

Less than half of patients hospitalized at sites with available
tests accessed a sputum Xpert, despite being eligible for TB investi-
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gation, according to the national [23] and international guidelines
[28]. This is in line with findings from population-based evalua-
tions [5,7] and a systematic review of facility based TB care [30] in
TB-burdened countries, concluding that the largest gap in the cas-
cade was due to patients not accessing TB testing. Although Xpert
may be available and offered free of charge, several barriers per-
sist, such as difficulties to produce sputum, lack of trained staff to
collect extrapulmonary specimens for testing, reliance on patients
or relatives to pick up Xpert results from the laboratory, and dis-
rupted availability of Xpert cartridges, as has been reported from
Ghana [31].

We found that patients with cough had an increased chance of
having an Xpert performed, which may indicate a gap in TB test-
ing among patients not presenting with cough. We further found
that only 112/246 (45.5%) produced a sputum sample for Xpert
testing as part of routine care. Of all cases with TB, only 15/46
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248 admitted PWH and
246/248 (99.2%) with a
positive W4SS

154 (62.1 %) had 94 (37.9 %) without
an Xpert request an Xpert request
94/94 (100.0%)

with no Xpert
result available

112/154 (72.7 %) 42/154 (27.3 %)
had an Xpert with no Xpert
performed? result available \
k k 1 patient
was lost to
98/112 (87.5 %) follow up
had a negative
Xpert (MTB not
detected) Xpert requested for but no No request for
Xpert result available, n=42 Xpert, n=93
> 6 (14.3 %) referred for TB > 1 (1.1 %) referred
14/112 (12.5 %) \ 1 pafient treatment and 4 (9.5%) for and started TB
had a positive kwgs lost to started TB treatment treatment
Xpert (MTB follow up » 19 (45.2 %) died 23 (24.7 %) died
detected) \ /
Positive Xpert, n=14 Negative Xpert, n=97 No Xpert result, n=135
>14 (100.0 %) referred > 17 (17.5 %) referred > 7 (5.2 %) referred for
for and started TB for and 14 (14.4 %) and 5 (3.7 %) started TB
treatment started TB treatment treatment
> 1 (7.1 %) died > 19 (19.6 %) died » 42 (31.1 %) died

Figure 2. TB treatment initiation and 8 weeks all-cause mortality among admitted patients with HIV and high prevalence of WHO TB symptoms in Ghana, stratified by
access to Xpert.

Abbreviations: MTB, Mycobacterium tuberculosis; PWH, people with HIV; TB, Tuberculosis; WHO, World Health Organization; W4SS, WHO four-symptom screening; Xpert,
sputum Xpert MTB/RIF.
a. Xpert results from 14 days before the admission and until maximum 70 days post-enrollment were included in analysis.
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Table 1
Patient characteristics at enrollment stratified by period before and during the COVID-19 pandemic.
Prepandemic Pandemic
Overall population population population P-value®
(n = 248) (n = 142) (n = 106)

Age (years) 41.5 (34-48) 42 (34-48) 40 (35-49) 0.916
Female sex 178 (71.8) 100 (70.4) 78 (73.6) 0.584
Newly diagnosed with HIV (diagnosed <3 months prior current 122 (49.2) 64 (45.1) 58 (54.7) 0.133
admission)
Antiretroviral therapy coverage among patients with known 79/126 (62.7) 53/78 (68.0) 26/48 (54.2) 0.120
HIV (diagnosed with HIV >3 months prior current admission)
Co-trimoxazole prophylaxis coverage among patients with 62/123 (50.4) 36/75 (48.0) 26/48 (54.2) 0.505
known HIV
Available HIV RNA result among patients with known HIV 22/126 (17.5) 17/78 (21.8) 5/48 (10.4) 0.147
CD4 count (cells/mm?) 80.5 (24-193) 62.5 (22-173) 94.5 (31-235) 0.029
WHO clinical stage III or IV HIV disease 243 (98.0) 139 (97.9) 104 (98.1) 1.000
Previously treated for TB 19 (7.8) 13 (94) 6 (5.7) 0.277
Any WHO TB symptom 246 (99.2) 142 (100.0) 104 (98.1) 0.182
WHO TB symptom distribution Cough 178 (71.8) 115 (81.0) 63 (59.4) <0.001

Fever 160 (64.5) 98 (69.0) 62 (58.5) 0.087

Night sweat 117 (47.6) 66 (47.1) 51 (48.1) 0.880

Weight loss 228 (92.7) 132 (94.3) 96 (90.6) 0.267
Any WHO danger sign” 137 (55.2) 76 (53.5) 61 (57.6) 0.528
Oxygen saturation on pulse oximeter (%) 97 (95-98) 97 (94-98) 97 (95-98) 0.189
BMI (kg/m?) 19.3 (16.4-22.2) 19.5 (16.4-21.5) 18.9 (16.6-23.3) 0.754
Hemoglobin (g/dl) 8.9 (2.9) 8.8 (2.9) 9.0 (3.1) 0.4667
Any abnormality on chest X-ray 78/106 (73.6) 48/58 (82.8) 30/48 (62.5) 0.019

Abbreviations: BMI, body mass index; CD, clusters of differentiation; TB, tuberculosis; WHO, World Health Organization.

Data are median (IQR), mean (SD) or n (%).

2 Two-sided P-value for comparison between participants enrolled before the COVID-19 pandemic and participants enrolled during the COVID-19 pandemic
b WHO danger signs are one or more of the following: heart rate >120 beats per minute, respiratory rate >30 breaths per minute, temperature >39°C, or being
unable to walk unaided.Number of participants with missing values per variable excluded from analysis: On co-trimoxazole prophylaxis (3); CD4 count (2); Treated

for TB before (4); Night sweat (2); Weight loss (2); BMI (26); Hemoglobin (14)

100

55 % gap 57 % gap
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§ sputum Xpert chest x-ray
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Figure 3. The routine in-hospital TB diagnostic care cascade among 248 people with HIV at three hospitals in Ghana.
Abbreviations: TB, Tuberculosis; WHO, World Health Organization; W4SS, WHO four-symptom screening; Xpert, sputum GeneXpert MTB/RIF.

Percentages are rounded to zero decimal places.

a.Two patients were lost to follow-up after discharge but were included in the denominator as "Unlikely TB”.

(32.6%) were confirmed by a positive Xpert result. This is similar
to findings from other studies in sub-Saharan Africa (SSA), where a
high proportion of inpatients were unable to produce sputum [32-
34]|. Sputum scarcity may be particularly high in a population like
our study population characterized by low CD4 count, high rate of
WHO danger signs, weight loss, and anemia, suggesting progressed
HIV and late presentation to health care. The same population may
further experience high rates of extrapulmonary and disseminated
TB [35,36] unidentified by sputum Xpert.

To improve TB case detection, increased efforts should be made
to offer all medical PWH inpatients Xpert for TB screening, as rec-
ommended by WHO [28]. Furthermore, to cover extrapulmonary
TB, disseminated TB, and sputum-scarce pulmonary TB, methods
such as Xpert on extrapulmonary specimens and urine LAM test-
ing should be considered [28,37].

In addition, we found a gap in the chest X-ray performed. This
may partly be explained by a low request rate for chest X-ray, dif-
ficulties to move unstable patients to the radiology department
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because more than half of patients in our study had at least one
WHO danger sign, and “out-of-pocket” payment for a chest X-ray
[38]. Free-of-charge digital chest X-ray offered through the national
TB program in Ghana is currently being rolled out but was not
standard of care at the research sites at the time of this study.

During the COVID-19 pandemic, WHO and others reported re-
duced overall TB case finding services [1,25,27]. In Ghana, a 30%
drop in TB case detection was observed in routine data during
the first year of the pandemic compared with a 15-month prepan-
demic period [18]. Factors contributing to delayed or interrupted
TB diagnosis during the pandemic may include an overlap in TB
and COVID-19 symptoms [39], limited concomitant TB and COVID-
19 testing using Xpert machines [40], overworked laboratories, and
delayed TB test performance [41]. In our study of severely ill PWH,
the observed gaps in the in-hospital TB diagnostic cascade did not
alter between the prepandemic and the pandemic period.

The TB prevalence of 18.7% was expectedly high, comparable to
a previous study among PWH from Ghana [20], and remained con-
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Table 2
TB care outcomes among people with HIV at 8 weeks follow-up stratified by period before and during the COVID-19 pandemic.
Overall Prepandemic Pandemic
population population population
(n = 246) (n = 140) (n = 106) P-value®
TB assessment
Xpert performed, n = 248" 112 (45.2) 66 (46.5) 46 (43.4) 0.629
Xpert performed among those with an Xpert 112/154 (72.7) 66/85 (77.7) 46/69 (66.7) 0.128
request, n = 154°
Chest X-ray
Chest X-ray performed, n = 248" 106 (42.7) 58 (40.9) 48 (45.3) 0.485
Chest X-ray performed among those with a 106/158 (67.1) 58/89 (65.2) 48/69 (69.6) 0.560
chest X-ray request, n = 158"
TB prevalence
Confirmed TB 15 (6.1) 9 (6.4) 6 (5.7) 0.803
Probable TB 31 (12.6) 19 (13.6) 12 (11.3) 0.598
All TB cases 46 (18.7) 28 (20.0) 18 (17.0) 0.548
TB treatment
Referred for TB treatment among probable 38/46 (82.6) 24/28 (85.7) 14/18 (77.8) 0.693
and confirmed TB, n = 46
Initiated TB treatment among those referred, 33/38 (86.8) 22/24 (91.7) 11/14 (78.6) 0.337
n =38
Mortality rate
Eight weeks all-cause mortality 62 (25.2) 38 (27.1) 24 (22.6) 0.421

Abbreviations: TB, tuberculosis; Xpert, sputum Xpert MTB/RIF.
Data are presented as n (%).

2 Two-sided P-value for comparison between participants enrolled before the COVID-19 pandemic and participants enrolled dur-

ing the COVID-19 pandemic

b Two patients were lost to follow-up after discharge. During admission, one of them had a normal chest X-ray and no Xpert and
the other patient had an abnormal chest X-ray and a negative Xpert. Both patients were included in the analyses of access to Xpert
and chest X-ray. They were excluded from the other outcome analyses due to missing information after discharge.

Table 3

Adjusted log-binominal generalized linear model fitted to identify co-variates associated with
having an Xpert test performed during 8 weeks follow-up among patients with HIV on med-

ical admission in Ghana.

Multivariate model?

Variable Adjusted risk ratio  95% confidence interval ~ P-value
Age >40 years 1.31 0.88-1.95 0.190
Male sex 1.02 0.85-1.22 0.866
CD4 count <100 cells/mm3 1.31 1.22-1.41 <0.001
Self-reported cough 2.37 1.80-3.13 <0.001
Unable to walk unaided 0.78 0.65-0.94 0.010
COVID-19 pandemic period 1.10 0.96-1.24 0.158

Abbreviations: CD, clusters of differentiation; Xpert, sputum Xpert MTB/RIF.

2 In the multivariate model a cluster variance estimator was used to adjust the standard
error for three clusters (hospitals). The multivariate model included all clinically relevant co-
variates (age >40 years, male sex, CD4 count <100 cells/mm?3, self-reported cough, being
unable to walk unaided, and being admitted during the COVID-19 pandemic).

Table 4

Cox regression analysis with unadjusted and adjusted predictors of 8 weeks all-cause mortality among patients with

HIV on medical admission in Ghana.

Univariate analysis

Multivariate analysis®

Variable Unadjusted HR ~ 95% CI P-value  Adjusted HR  95% CI P-value
Age >40 years 1.06 0.64-1.74  0.825 1.10 0.91-1.33  0.337
Male sex 2.14 1.29-3.55  0.004 1.93 1.17-3.18  0.010
CD4 count <100 cellsj/mm?®  2.00 1.14-3.51  0.012 1.81 1.02-3.20  0.041
COVID-19 pandemic period  0.81 0.48-1.35  0.410 0.94 0.48-1.83  0.861

Abbreviations: CI, confidence interval; HR, hazard ratio; Xpert, sputum Xpert MTB/RIF.

2 In the multivariate model, a cluster variance estimator was used to adjust the standard error for the three hospi-
tals. The multivariate model included all proposed co-variates (age >40 years, male sex, CD4 count <100 cells/mm?)
and the proposed risk factor (COVID-19 pandemic period) from univariate analysis.

stant over the two periods. We had expected that the pandemic
population would be characterized by markers of more progressed
HIV and TB disease than the prepandemic population but found
the opposite, such as higher CD4 count, lower rate of cough, and
fewer abnormalities on chest X-ray. This may be explained by al-
terations in the wards open for medical admission of PWH during
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the pandemic. The pretest probability of having TB may as such
have been lower among patients admitted during the pandemic
period. However, we do speculate that a subpopulation of very ill
patients with HIV may have stayed or died at home without reach-
ing hospital admission during the pandemic, thus underestimating
the difference in TB prevalence and mortality rate between prepan-
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Figure 4. Kaplan-Meier cumulative probability of 8 weeks survival among people with HIV stratified by admission to hospital in the prepandemic and the COVID-19 pan-

demic period.

demic period and the COVID-19 pandemic period. The reasons
for not coming on admission despite severe illness may include
the patients’ fear of contracting COVID-19 or increased transporta-
tion costs during the pandemic [42], among other things. Under-
reporting of cough and changed health-seeking behavior may be
an important issue to address, especially during the pandemic with
the risk of stigmatization due to both TB and COVID-19 [1]. Fur-
thermore, due to a forced halt in clinical research activities, pa-
tients admitted during the first half year of the pandemic were not
included in our study and may have had a different presentation
and TB prevalence.

The next gap in the TB care cascade concerns those who are
successfully diagnosed but not registered in treatment [4]. Al-
though all patients with a positive Xpert initiated TB treatment, a
noteworthy gap of 13/46 (28.3%) of TB cases overall never initiated
TB treatment. The gap in TB treatment initiation can be partly ex-
plained by the high early mortality rate among probable TB cases
because the cases with TB at death were included in the TB case
definition, limiting the chances of successful early HIV/TB manage-
ment in this population. Others have explained this gap with the
health care systems’ failure to link patients to TB clinics, experi-
enced stigma around the diagnosis [43], patient transfer/dropout,
and deteriorating clinical condition [44].

Reduced access to TB treatment during the pandemic has been
described [1,25]. In our study, we found that 91.7% of the referred
patients initiated TB treatment in the prepandemic period com-
pared with 78.6% in the pandemic period, which is a nonsignifi-
cant difference; although, the numbers are small. The median time
to TB treatment initiation was 6 days, which was within the WHO
recommended 14 days [28], and comparable to findings from other
SSA studies [44,45].
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Considering the symptom overlap between TB and COVID-19,
the COVID-19 test rate in our pandemic population was surpris-
ingly low, with only 12.3% patients having a COVID-19 polymerase
chain reaction test result. The low COVID-19 test rates may be ex-
plained by periodic shortages in the equipment needed for sample
collection, such as cotton swabs, or for COVID-19 testing (data not
collected), high workload with missed opportunities for COVID-
19 testing, which was performed by dedicated COVID-19 teams,
including mobile laboratory technicians (data not collected), and
challenges linking the laboratories with the care institution [12],
leading to an underestimation of COVID-19 test rate and COVID-19
prevalence in this study.

Our study population was characterized by a majority of female
sex (71.8%). It has been proposed that the reported HIV prevalence
is higher among females in Ghana due to earlier sexual debut than
males [46] and that more females are tested for HIV because of
HIV screening services being part of reproductive health programs
[47].

The 8-week all-cause mortality at 25.2% in our cohort remained
high over the two periods. However, studies from Ghana have in
previous years observed even higher mortality rates among PWH
with an in-hospital mortality rate of 40.6% [21] and a 6-month
mortality rate of 48.6% [48]. In line with previous literature, we
found that low CD4 count [49,50] and male sex [49,51] were pre-
dictors of all-cause mortality. A meta-analysis of PWH initiating
ART in Africa confirms that fewer males reached health care and
that males had higher risk of mortality than females [51]. The
poorer prognosis among males may in our study further be ex-
plained by significantly lower CD4 count than females. A meta-
analysis of PWH in SSA evidenced that males had lower ART cov-
erage, poorer viral suppression, and suboptimal disease knowledge
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than females, highlighting that, in particular, men are missed out
in the HIV care cascade [52].

We did not find that admission during the pandemic was asso-
ciated with a higher risk of mortality. This may be due to the lim-
ited number of cases included in the analysis but may also reflect
that we studied a severely ill population with a priori high risk of
mortality, regardless of COVID-19. Moreover, although we reported
the outcomes for a population that has reached hospital admis-
sion, WHO more broadly reported that TB-related deaths among
PWH overall has increased for the first time in 13 years during
the first year of the COVID-19 pandemic [53]. The mortality rates
in our study increased to 41.3% among patients co-infected with
HIV/TB, with probable TB cases having a four-fold higher mortality
rate than confirmed TB cases. These high mortality rates are alarm-
ing and confirm the findings from prepandemic studies among pa-
tients co-infected with HIV/TB in Ghana [20,21,54]. The majority of
deaths occurred after the first 10 days on hospital admission, high-
lighting a potential time window for point-of-care interventions to
guide early management.

Our study complement previously described gaps in the HIV-
associated TB care cascade in Ghana, such as suboptimal TB screen-
ing [55] and TB treatment outcomes [56]. Such evaluations may
guide the continuous work toward improved HIV and TB care in
Ghana and in similar settings.

This study provides a rare opportunity to prospectively describe
clinical characteristics and the in-hospital routine care among a
hard-to-reach study population of severely ill PWH at three large
government hospitals in Ghana before and during a pandemic. We
had a very low loss to follow-up rate that minimized bias. Our
study had several limitations. Because access to routine TB test-
ing was suboptimal already before the COVID-19 pandemic, fur-
ther disruption during the pandemic may be difficult to demon-
strate when the sample size is small. The pandemic led to struc-
tural changes at the study sites, including alterations in the wards
open for medical admission of PWH because some wards were
transformed to COVID-19 units. This may have caused a variation
in study population characteristics and subsequently confounded
the comparison of study outcomes. We sought to overcome this
limitation by standardized screening of all medical wards admit-
ting PWH, ensuring inclusion of our target population, regardless
of the in-hospital location. The national and hospital restrictions
in conducting clinical research during the first 6 months of the
pandemic prevented us to include data from the most critical pan-
demic phase, including the first COVID-19 wave, with possible se-
rious disruptions in health care services. In fact, the disruptions
of the TB care cascade may have been considerable during this pe-
riod and we may have underestimated gaps in the routine TB diag-
nostic cascade during the pandemic. After the approval of a study
amendment, including COVID-19 measures, at the relevant ethical
boards, we restarted the study enrollment. To avoid any impact
of the by hospital stepwise rollout of the LAM intervention when
describing the routine TB diagnostic cascade, the Lekma Hospital
contributed only with prepandemic data and the Korle-Bu Teach-
ing Hospital contributed partly with pandemic data. We included
a cluster variance estimator to adjust the standard error for hos-
pitals in the adjusted log-binominal generalized linear model and
in the multivariate Cox regression model. Furthermore, we cannot
exclude a calendar effect given that the two pandemic periods are
not matched by season. Finally, generalizability to other hospitals
in West Africa may be limited.

Conclusion
In this cohort of hospitalized PWH who are severely immuno-

suppressed, we describe a high TB prevalence and poor prognosis.
We detail the HIV-associated TB diagnostic care cascade and quan-
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tify a significant gap with less than half of patients accessing rou-
tine TB investigations, regardless of being admitted before or dur-
ing the COVID-19 pandemic. Missed or delayed TB diagnosis may
be critical in this population, with 25% of the patients dying within
8 weeks from hospital admission.
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