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Implementation of a specialized inpatient HIV care model and
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Summary

Background Advanced HIV disease (AHD) remains a major cause of hospitalization and mortality among people
living with HIV (PLHIV). We evaluated the association between implementation of a structured specialist-led
inpatient HIV care model and clinical outcomes among hospitalized PLHIV in southern Brazil.

Methods We conducted an observational before-after study at a tertiary public hospital in Porto Alegre, Brazil,
comparing a pre-intervention period (January 2023-April 2024) with a post-intervention period (May
2024—August 2025). The intervention included a dedicated infectious diseases team, standardized protocols for
AHD and opportunistic infections, and rapid antiretroviral therapy (ART) initiation during hospitalization. Adults
admitted with AHD were included. Adjusted risk ratios (aRR) for mortality, ICU admission, and a composite
adverse outcome were estimated using modified Poisson regression.

Findings A total of 963 hospitalizations among 899 unique patients were included (406 pre-intervention; 557 post-
intervention). Baseline characteristics were similar between periods. In-hospital mortality declined from 24% to 17%
(p = 0.014). In adjusted analyses, the post-intervention period was associated with lower risks of in-hospital mortality
(aRR 0.74, 95% CI 0.57-0.96), ICU admission (0.70, 0.57-0.86), and composite adverse outcomes (0.78, 0.67-0.92).
Opportunistic infection screening increased, lumbar puncture was performed more frequently, and ART was
initiated earlier.

Interpretation Implementation of a structured inpatient HIV care model was associated with improved clinical
outcomes among PLHIV with AHD. Structured multidisciplinary inpatient HIV care may represent a promising
approach to strengthen delivery of WHO-recommended AHD care in hospital settings and warrants further
evaluation in controlled studies.
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Research in context

Evidence before this study

Advanced HIV disease (AHD) remains a major cause of HIV-
related morbidity and mortality globally, particularly among
people diagnosed late or re-engaging in care after treatment
interruption. WHO recommends a package of care for AHD
that includes systematic screening, diagnosis and treatment
of opportunistic infections (Ols), prophylaxis, and timely
antiretroviral therapy (ART) initiation. However,
implementation of these interventions remains inconsistent
in routine hospital settings. We searched PubMed, Embase
and regional databases from January 1, 2000, to June 30,
2025, for studies evaluating inpatient HIV care, AHD, Ols, and
mortality among people living with HIV (PLHIV). Existing
evidence supports the use of point-of-care diagnostic
strategies for tuberculosis, cryptococcosis, and
histoplasmosis among people with AHD, as well as timely
lumbar puncture when central nervous system infection is
suspected. However, most studies have evaluated individual
diagnostic or treatment components, often in outpatient or
program settings. Only a limited number of studies have
evaluated integrated inpatient AHD care models, and few
have examined the impact of broader hospital-level services
reorganization on mortality and other clinical outcomes.
Evidence on whether reorganizing inpatient HIV care at the
hospital level improves clinical outcomes remains limited,
particularly in Latin America and other high-burden settings.

Added value of this study

This study provides real-world evidence from a high burden
setting in southern Brazil on the implementation of a
multicomponent inpatient HIV care model. The intervention

Introduction

Human immunodeficiency virus (HIV) remains a ma-
jor global public health challenge despite substantial
advances in early diagnosis and antiretroviral therapy
(ART). Although expanded access to ART has signifi-
cantly reduced AIDS-related morbidity and mortality,
important disparities persist, particularly in settings
affected by social and structural vulnerabilities.! Late
diagnosis and disengagement from care continue to
drive morbidity and mortality among people living with
HIV (PLHIV).”

Brazil has been recognized for its comprehensive
HIV response, including universal access to ART
through the Unified Health System (Sistema Unico de
Satde, SUS), robust surveillance system, and sustained
public health interventions.** Nevertheless, 39,216 new
HIV diagnoses were reported nationally in 2024 (18.4
cases per 100,000 inhabitants), highlighting the
ongoing burden of HIV in Brazil. Since the beginning
of the epidemic, more than 1.6 million HIV or AIDS
cases have been recorded in the country.’ Despite these
achievements, a substantial proportion of PLHIV in

integrated centralized inpatient HIV care, multidisciplinary
specialist support, standardized diagnostic and treatment
protocols for AHD and Ols, and timely ART initiation during
hospitalization. Compared with previous studies focusing on
single interventions, this study evaluates a multicomponent,
health systems-level reorganization of inpatient HIV care
implemented under routine care conditions in a high HIV
burden urban setting in southern Brazil. The post-
intervention period was associated with substantial increases
in Ol screening, including TB-LAM, cryptococcal antigen, and
Histoplasma antigen testing, greater use of lumbar puncture;
a higher proportion of microbiologically confirmed TB
diagnoses; and earlier and more frequent ART initiation
during hospitalization. Importantly, the post-intervention
period was also associated with lower in-hospital mortality,
ICU admission, and composite adverse outcomes, even after
adjustment for baseline characteristics.

Implications of all the available evidence

Together with existing evidence on AHD care, these findings
suggest that strengthening hospital level organization of HIV
care may represent an important strategy to reduce
preventable mortality among PLHIV with AHD. Even in
settings with universal ART access, fragmented inpatient
care, delayed diagnosis of Ols and barriers to timely ART
initiation may contribute to poor outcomes. These findings
support further evaluation of the implementation of WHO-
recommended AHD care packages within hospital settings
suggest a potential role for strengthening inpatient service
delivery models.

Brazil remain outside continuous care, limiting viral
suppression and contributing to ongoing transmission
and inequalities in health outcomes.®

HIV burden and outcomes are unevenly distributed
across Brazil. The southern region, including the states
of Paranj, Santa Catarina, and Rio Grande do Sul (RS),
accounts for approximately 19% of cumulative national
cases and has consistently reported among the highest
AIDS-related mortality rates nationwide. In RS, more
than 4300 new HIV cases were reported annually in
2023 and 2024. Porto Alegre, the state capital, has
persistently ranked among the Brazilian capitals with
the highest HIV incidence and has reported the highest
HIV-related mortality among Brazilian state capitals. In
2024, it recorded the highest AIDS-related mortality
rate among Brazilian capitals (12.0 deaths per 100,000
inhabitants), more than three times the national
average (3.4 deaths per 100,000 inhabitants).”*

Despite overall declines in mortality, advanced HIV
disease (AHD), defined by severe immunosuppression
(CD4<200 cells/mm?®) or World Health Organization
(WHO) clinical stage 3 or 4, remains a major driver of
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HIV-related deaths. Individuals presenting with AHD
at diagnosis or re-engaging in care after prolonged
interruption face a markedly increased risk of hospi-
talization and mortality.” These outcomes are largely
driven by severe opportunistic infections (Ols)
including tuberculosis (TB), disseminated fungal in-
fections, and other co-infections.” The WHO recom-
mends a comprehensive package of care for AHD,
including rapid diagnosis and treatment of Ols, prompt
ART initiation, and intensified clinical management;
however, implementation of these approaches in
routine hospital settings remains inconsistent, partic-
ularly in high-burden urban contexts in Latin America.’

Although WHO-recommended interventions for
AHD are well established, implementation in routine
inpatient settings remains challenging. Fragmented
care pathways, delayed diagnosis of Ols, inconsistent
application of standardized protocols, and barriers to
timely ART initiation may contribute to preventable
morbidity and mortality among hospitalized PLHIV
with AHD. Hospital-level re-organization of care may
therefore facilitate coordinated multidisciplinary man-
agement and more timely delivery of evidence-based
interventions.

In this context, hospital-level organization of care
may play a critical role in improving outcomes. In May
2024, a structured inpatient HIV care model was
implemented in a tertiary public hospital in Porto Alegre
to reorganize inpatient HIV care. The intervention
aimed to strengthen specialist-led management, stan-
dardize diagnostic and therapeutic algorithms, and
facilitate rapid ART initiation among hospitalized
PLHIV, particularly those with AHD. Operational details
of the institutional inpatient AHD diagnostic and treat-
ment protocol implemented during the intervention
period are provided in Supplementary Appendix S1.
However, evidence on the effectiveness of such service
reorganization in reducing mortality in real-world set-
tings in Latin America remains limited. This study
aimed to evaluate the association between this care
reorganization and in-hospital mortality among PLHIV
in a high-burden urban setting in southern Brazil.

Methods

Study design and setting

We conducted an observational before-after study to
evaluate changes in in-hospital mortality following the
implementation of the specialized ID team established
in May 2024. The analysis compared two consecutive
16-month periods: a pre-intervention period (January
2023-April 2024) and a post-intervention period (May
2024—August 2025). The study was conducted at a ter-
tiary public hospital in Porto Alegre, Rio Grande do Sul
(RS), Brazil, a high HIV-burden urban setting within
the Unified Health System. The hospital serves as a
referral center for the management of AHD and asso-
ciated Ols.
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HIV/AIDS cases were identified using multiple data
sources within the hospital’s Epidemiological Surveil-
lance Service. At our institution, HIV serological testing
is routinely performed as part of standard care, irre-
spective of clinical presentation. Case identification was
based on at least one of the following: documented
positive HIV serology, detectable HIV viral load, or
HIV/AIDS-related ICD-10 diagnostic codes recorded
during hospitalization. This combined approach was
used to enhance case ascertainment and reduce
misclassification.

HIV infection was confirmed through reactive rapid
testing followed by confirmatory assays, including
enzyme-linked immunosorbent assay (ELISA) for anti-
HIV antibodies and/or immunoblot testing for HIV-1
(p24, gp41, gpl120, gpl160) and HIV-2 (gp36) antigens.
HIV viral load was measured at a certified reference
laboratory using a real-time polymerase chain reaction
(RT-PCR) assay (cobas 5800 system, Roche Diagnostics)
and expressed as HIV RNA copies per milliliter.

Clinical and laboratory data, including CD4+ T-cell
counts and viral load measurements, were extracted
from electronic medical records and cross-checked with
the Brazilian Laboratory Test Control System (SISCEL),
a national database that compiles laboratory data for all
PLHIV receiving care in the Brazilian public health
system, and the Logistic Control System for Medica-
tions (SICLOM), which records ART dispensing infor-
mation.'""* Deterministic record linkage was performed
using each patient’s unique SUS identification number.
Personal identifiers were used solely for linkage pur-
poses and were removed prior to statistical analysis.

Completeness of key study variables was high due to
linkage between institutional electronic medical records
and national HIV information systems (SISCEL and
SICLOM). Missing data were minimal (<1% across
variables), and complete -case analyses were therefore
performed without imputation.

Participants were classified as having AHD at
admission if they had a CD4+ T-cell count <200 cells/pL
and/or a documented WHO stage 3 or 4 condition,
consistent with WHO definitions. Classification was
based exclusively on clinical and laboratory information
recorded in medical records at the time of admission.
The list of WHO stage 3 and 4 conditions is provided in
the Supplementary Table S1.

All adult patients aged >18 years with confirmed
AHD requiring hospital admission during the study
periods were eligible for inclusion. To minimize over-
representation of individuals with multiple hospitaliza-
tions, patients with more than one admission within the
same period were included only once. Patients admitted
in both pre- and post-intervention periods were included
once in each period and treated as independent obser-
vations, reflecting exposure to different models of care.

As an observational before-after study without a
concurrent control group, the design cannot fully
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exclude the influence of secular trends, unmeasured
confounding, or other institutional changes occurring
during the study period.

Description of the intervention

The intervention comprised three components: (1)
implementation of a dedicated inpatient infectious
diseases team for the management of PLHIV; (2)
introduction of standardized diagnostic and treatment
protocols for AHD and Ols; and (3) establishment of a
structured process to enable timely initiation of ART
during hospitalization.

Before implementation, PLHIV were admitted across
multiple general medical wards without a dedicated ID
team or fixed nursing staff. Clinical management relied
primarily on an informal consultation-based model, in
which ID specialists were consulted on demand while
primary responsibility remained with non-specialized
teams.

Following the creation of a dedicated ID ward, pa-
tient care was centralized and delivered by a multidis-
ciplinary team including ID physicians, nurses,
pharmacists, physiotherapists, nutritionists, psycholo-
gists, and social workers trained in the management of
complex infectious diseases. In addition to managing
patients within the ward, the ID team also provided
consultation and co-management for PLHIV admitted
to other specialized units, including the intensive care
unit, psychiatric wards, and the prison healthcare unit.

The intervention did not involve construction of a
new hospital ward, but rather the reorganization and
centralization of inpatient HIV care within an existing
clinical unit. New staffing consisted primarily of five ID
physicians and one anthropologist focused on
communication and support for socially vulnerable
populations. Most multidisciplinary professionals were
already employed by the hospital and were reassigned
to the inpatient HIV unit, where they received targeted
training in AHD management, protocol-based care,
OlIs, and people-centered communication approaches.
The reorganized care model integrated dedicated
nurses, fixed nursing technician teams, physiothera-
pists, psychologists, social workers, nutrition support,
and speech therapists integrated into routine multidis-
ciplinary reassessment according to clinical complexity.

Standardized diagnostic protocols were imple-
mented at hospital admission, including systematic
screening for Ols such as TB (using urine lipar-
abinomann [LAM] antigen testing and Xpert MTB/
RIF), cryptococcosis (using cryptococcal antigen [CrAg]
testing), and histoplasmosis (using antigen detection
assays [ELISA or LFA], in accordance with national
guidelines and locally available diagnostics. Lumbar
puncture was performed when clinically indicated in
patients with suspected central nervous system (CNS)
infection or positive CrAg results.

Rapid ART initiation was integrated into inpatient
care to enable timely treatment initiation during hospi-
talization. Management of OIs followed protocol-based
treatment regimens, with attention to drug-drug in-
teractions, immune reconstitution inflammatory syn-
drome, and treatment-related toxicities.>*"* The
intervention also included coordination with public
health authorities to ensure uninterrupted ART supply
through the Brazilian federal HIV program.

Fig. 1 illustrates the transition from a fragmented
model of inpatient HIV care to a structured multidis-
ciplinary HIV unit, including the principal components
of the intervention and associated changes in diagnostic
and treatment practices.

Because the intervention was implemented as an
integrated hospital-level reorganization of inpatient
HIV care, analyses assessed the association between the
overall care model and clinical outcomes rather than
the independent effects of individual intervention
components.

Data sources and variables

We collected demographic, clinical, and HIV
care-related variables, including age at admission, sex,
race, and comorbidity burden assessed using the
Charlson Comorbidity Index (CCI). The CCI was sys-
tematically recorded for all patients at hospital admis-
sion as part of institutional protocol and was used
without modification.

HIV-related variables included ART status at
admission, categorized as: (1) ART-naive, defined as
individuals with no prior history of ART; (2) re-engaged
after ART discontinuation, defined as PLHIV who had
interrupted ART and were not receiving treatment at
the time of admission; and (3) ART at admission,
defined as PLHIV receiving ART at the time of
admission.

Additional HIV-related variables included plasma
HIV viral load (log-transformed; undetectable values
were assigned 50 copies/mL prior to transformation;
maximum observed value: 10,000,000 copies/mL
[logl0 = 7]), CD4 cell count at presentation (<50,
50-199, and >200 cells/mm?®), and ART use during
hospitalization (not prescribed, continued, or initiated).
Time to ART initiation was defined as the number of
days from hospital admission to ART prescription
among those who initiated therapy during hospitaliza-
tion. Diagnostic and management variables included
performance of inpatient lumbar puncture and results
of OIs screening tests (CrAg, histoplasma antigen, and
TB-LAM), categorized as positive, negative, or not per-
formed. TB co-infection was classified as confirmed
(microbiologically) or empirically diagnosed. Detailed
diagnostic and treatment algorithms used during the
intervention period are summarized in Supplementary
Appendix S1.
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Fig. 1: Components of the Specialized Inpatient HIV Care Model Implemented at Hospital Vila Nova, Porto Alegre, Brazil. The figure
summarizes the reorganization of inpatient care for PLHIV, from a fragmented pre-intervention model to a centralized model led by a
dedicated ID team. The intervention included dedicated inpatient HIV care, multidisciplinary support with fixed nursing staff, standardized
diagnostic and therapeutic protocols for AHD, systematic screening for Ols, specialist consultation and co-management across hospital
sectors, and rapid ART initiation when clinically appropriate. The intervention was implemented pragmatically as part of routine service
reorganization; components were introduced simultaneously and were not prospectively designed for isolated effect evaluation.
AHD = advanced HIV disease; ART = antiretroviral therapy; CNS = central nervous system; CrAg = cryptococcal antigen; DDIs = drug-drug
interactions; ELISA = enzyme-linked immunosorbent assay; HIV = human immunodeficiency virus; ICU = intensive care unit;
ID = infectious diseases; IRIS = immune reconstitution inflammatory syndrome; LFA = lateral flow assay; LP = lumbar puncture;
TB = tuberculosis; TB-LAM = tuberculosis lipoarabinomannan.

The primary outcome was in-hospital mortality, (ICU admission and/or in-hospital death). The com-
defined as death occurring during the index hospitali-  posite adverse outcome was intended to capture severe
zation. Secondary outcomes included intensive care  clinical deterioration during hospitalization, recog-
unit (ICU) admission and a composite adverse outcome  nizing that ICU admission and in-hospital death
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Characteristic Before After p-value®
(n = 406) (n = 557)
Age
Median (IQR) 44 (36-51) 43 (34-52) 034
Sex
Male 242 (60%) 319 (57%) 0.46
Female 164 (40%) 238 (43%)
Race
White 221 (54%) 331 (59%) 0.09
Black 124 (31%) 134 (24%)
Mixed 61 (15%) 92 (17%)
Charlson Comorbidity score
Median (IQR) 7 (6-8) 7 (6-8) 0.48
Antiretroviral therapy adherence
ART naive 115 (28%) 132 (24%) 0.24
Previously diagnosed, reengaged after ART 264 (65%) 382 (69%)
discontinuation
Previously diagnosed, on ART 26 (6%) 43 (8%)
Viral Load (Log)
Median (IQR) 52 (43-58) 51(3.9-5.8) 0.23
CD4 count at presentation
<50 119 (29%) 162 (29%) 0.51
50-199 192 (47%) 281 (51%)
>200 95 (23%) 114 (21%)
Tuberculosis co-infection
Confirmed 105 (26%) 228 (41%) <0.001
Empiric diagnosis 85 (21%) 54 (10%)
“P-values were calculated using the Wilcoxon rank-sum test for continuous variables and joint Wald tests of all
category coefficients for categorical variables.
Table 1: Sociodemographic and clinical characteristics of hospitalizations among PLHIV before
and after implementation of the structured inpatient HIV care model in South Brazil.

represent related but distinct markers of adverse
prognosis. The CCI is a validated clinical tool used to
quantify an individual’s burden of chronic disease by
assigning weighted scores to predefined conditions
associated with mortality risk. The total score reflects
overall comorbidity severity and has been widely used to
predict survival. The full list of included conditions is
presented in Supplementary Table S2."*

Statistical analysis

Continuous variables were summarized as medians
with interquartile ranges (IQR), and categorical vari-
ables as counts and percentages. Viral load values were
summarized using medians and IQR and compared
between pre- and post-intervention periods using the
Wilcoxon rank-sum test. Most patients contributed a
single hospitalization, with a minority (7.1%) contrib-
uting two observations (mean 1.1 per patient), resulting
in minimal within-patient clustering.

Modified Poisson regression with robust standard
errors was used to estimate relative risks (RR) for out-
comes. This approach provides consistent estimates
under mild violations of independence, including
limited within-patient clustering.'”'® Accordingly, all

models were fitted using cluster-robust standard errors
at the patient level. P-values for Table 1 and Table 2
were derived using joint Wald tests of all category
coefficients (testparm) for categorical variables. To
examine outcomes of interest and independent associ-
ations, multivariable models were constructed a priori
based on clinical relevance and potential confounding.
Covariates included age, sex, CCI, CD4 count, ART
status at admission, TB co-infection, and timing of
intervention. Variables representing in-hospital pro-
cesses of care were excluded from primary models to
avoid adjustment for potential mediators. All tests were
two-sided, and a p-value <0.05 was considered statisti-
cally significant. Analyses were conducted using Stata
(version 14; StataCorp, College Station, TX).

As a complementary analysis, interrupted time-
series analyses were conducted for in-hospital mortal-
ity and ICU admission using the pre-intervention
trends to estimate counterfactual trajectories and
compare them with observed post-intervention out-
comes. To evaluate whether associations were sustained
over time, follow-up for these outcomes was extended
through April 2026. Extended follow-up was restricted
to mortality and ICU admission because routinely
collected aggregated data were available only for these
endpoints.

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki. The study protocol was
approved by the institutional Research Ethics Com-
mittee of Hospital Ernesto Dornelles under CAAE
number 89594725.5.0000.5304. As a retrospective
observational study based on anonymized secondary
data, the requirement for individual informed consent
was waived.

Role of funding source

The funders had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the
report.

Results

A total of 963 hospitalizations were recorded across the
pre- and post-intervention periods (406 pre-intervention;
557 post-intervention), corresponding to 899 unique
patients; no additional exclusion criteria were applied.
Among these, 64 (7%) contributed hospitalizations in
both periods. Patients had a median age of 43-44 years,
with a predominance of males (~58%), median CCI
index of 7, and severe immunosuppression, with nearly
one-third presenting with CD4 counts <50 cells/mm®.
Most patients were either ART-naive or reengaged after
ART discontinuation, and baseline characteristics were
comparable between periods. Sociodemographic and
clinical characteristics are summarized in Table 1.
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Diagnostic practices, inpatient care processes, and
clinical outcomes before and after implementation of
the intervention are summarized in Table 2 and Fig. 2.
Use of point-of-care diagnostics increased substantially,
including TB-LAM 154/406 (38%) vs 490/557 (88%),
CrAg testing 163/406 (40%) vs 464/557 (83%), and
Histoplasma antigen testing 171/406 (42%) vs 347/557
(62%) (all p < 0.001) (Fig. 2). Positivity rates among
performed diagnostic tests were also evaluated. While
CrAg positivity remained stable between periods, posi-
tivity rates for urine TB-LAM and Histoplasma antigen
testing increased despite broader post-intervention test
utilization (see Supplementary Table S3). This coin-
cided with a higher proportion of microbiologically
confirmed TB diagnoses [228/557 (41%) vs 105/406
(26%)] and fewer empiric TB diagnoses [54/557 (10%)
vs 85/406 (21%); p < 0.001]. The proportion of patients
undergoing lumbar puncture nearly doubled [198/557
(36%) vs 79/406 (20%); p < 0.001]. Inpatient ART
initiation increased from 97/406 (24%) to 400/557
(72%) (p < 0.001), while median time to ART initiation
decreased from 10 to 6 days (p < 0.001) (Fig. 2). Median
length of stay did not differ significantly between
periods (11 [IQR 7-21] vs 12 days [IQR 7-21]; p = 0.19).
Following implementation of the intervention, ICU
admissions (114/557 (21%) vs 125/406 (31%);
p < 0.001), in-hospital mortality [93/557 (17%) vs 96/
406 (24%); p = 0.014] and the composite adverse
outcome [183/557 (33%) vs 178/406 (44%); p < 0.001]
were significantly lower (see Figs. 3 and 4).

Intensive care unit (ICU) admission

In unadjusted analyses, hospitalization during the post-
intervention period was associated with a lower risk of
ICU admission (IRR 0.66, 95% CI 0.54-0.81, p < 0.001).
Positive CrAg results (IRR 1.64, 95% CI 1.08-2.48),
empiric TB diagnosis (IRR 1.44, 95% CI 1.08-1.94), and
higher CCI scores (IRR 1.11 per point, 95% CI
1.05-1.16) were associated with a higher risk of ICU
admission, whereas receipt of ART during hospitaliza-
tion was associated with a lower risk (IRR 0.61 95% CI
0.48-0.76). Detailed unadjusted analyses are presented
in Supplementary Table S4.

In adjusted analyses, the association between the
post-intervention period and a lower risk of ICU
admission remained significant (aIRR 0.70, 95% CI
0.57-0.86; p = 0.001) (Fig. 3). Higher CCI scores and
lower CD4 cell counts remained independently associ-
ated with ICU admission (IRR 1.11, 95% CI 1.05-1.18
and IRR 0.75, 95% CI 0.59-0.95, respectively). Empiric
tuberculosis treatment was also independently associ-
ated with an increased risk of ICU admission (aIRR
1.38, 95% CI 1.02-1.86).

In-hospital mortality

In unadjusted analyses, hospitalization during the post-
intervention period was associated with a lower risk of

www.thelancet.com Vol 62 October, 2026

Variable Before After p-value®
(n = 406) (n = 557)
Length of stay, days 11 (7-21) 12 (7-21) 0.19
Median (IQR)
ART provided during hospitalization
Not prescribed 265 (65%) 91 (16%) <0.001
Previously on ART 44 (11%) 66 (12%)
Initiated inpatient 97 (24%) 400 (72%)
Days elapsed until ART provided during 10 (5-19) 6 (3-8) <0.001
hospitalization”
Median (IQR)
Inpatient lumbar puncture
Performed 79 (20%) 198 (36%) <0.001
Cryptococcal Antigen
Negative 149 (37%) 431 (78%) <0.001
Positive 14 (4%) 33 (6%)
Not performed 243 (60%) 92 (17%)
Histoplasma Antigen
Negative 159 (39%) 288 (52%) <0.001
Positive 12 (3%) 59 (11%)
Not performed 235 (58%) 209 (38%)
TB Lipoarabinomannan screen
Negative 118 (29%) 313 (56%) <0.001
Positive 36 (9%) 177 (32%)
Not performed 252 (62%) 67 (12%)
Tuberculosis diagnostic modalities*
Rapid Molecular Test 71 (18%) 90 (16%) 0.38
Culture 13 (3%) 4 (1%) 0.003
TB Lipoarabinomannan screen 36 (9%) 177 (32%) <0.001
Intensive Care Unit
Yes 125 (31%) 114 (21%) <0.001
In-hospital mortality
Yes 96 (24%) 93 (17%) 0.014
Composite adverse outcome®
Yes 178 (44%) 183 (33%) <0.001
?P-values for continuous variables were calculated using the Wilcoxon rank-sum test. For categorical variables
with more than two categories, p-values were derived using joint Wald tests of all category coefficients.
PAmong those who were initiated on ART during hospitalization. “Microbiologically confirmed tuberculosis
included cases with positive Xpert MTB/RIF, mycobacterial culture, smear microscopy, TB-LAM,
histopathology, or other microbiological confirmation documented in the medical record. Diagnostic
modalities presented in Table 1 were not mutually exclusive and do not encompass all confirmatory methods.
dComposite adverse outcome was defined as experiencing ICU and/or mortality during hospitalization.
Table 2: Changes in diagnostic practices, inpatient HIV care processes, and clinical outcomes
following implementation of the structured inpatient HIV care model.

in-hospital mortality (IRR 0.71, 95% CI 0.55-0.91,
p = 0.008) (Fig. 3). Higher CD4 cell counts were asso-
ciated with lower mortality, whereas increasing age,
higher CCI scores, and higher viral load were associated
with increased mortality. Detailed unadjusted analyses
are presented in Supplementary Table S4. Compared
with ART-naive individuals, those re-engaged in care
after ART discontinuation and those with a previous
HIV diagnosis receiving ART had lower mortality (see
Supplementary Table S5).

In adjusted analyses, the association between the
post-intervention period and reduced in-hospital
mortality remained significant (aIRR 0.74, 95% CI
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ICU = intensive care unit.

0.57-0.96; p = 0.02). Higher CCI scores and lower CD4
cell counts also remained independently associated
with mortality (aIRR 1.11, 95% CI 1.05-1.18 and aIRR
0.71, 95% CI 0.55-0.92, respectively).

Composite adverse outcome

In unadjusted analyses, hospitalization during the post-
intervention period was associated with a lower risk of
the composite adverse outcome (IRR 0.75, 95% CI
0.64-0.88, p < 0.001). Higher CD4 cell counts were
associated with lower risk (CD4 50-199 vs <50: IRR
0.80, 95% CI 0.68-0.96; CD4 >200 vs <50: IRR 0.66,
95% CI 0.51-0.84), whereas increasing age (IRR 1.01
per year, 95% CI 1.01-1.02) and higher CCI scores (IRR
1.15 per point, 95% CI 1.11-1.18) were associated with
increased risk. ART Initiation during hospitalization
was also associated with a lower risk of the composite
outcome (IRR 0.74, 95% CI 0.62-0.88) (see
Supplementary Table S4).

In adjusted analyses, the association between the
post-intervention period and a lower risk of the com-
posite adverse outcomes remained significant (aIRR
0.78, 95% CI 0.67-0.92; p = 0.002) (Fig. 3). Higher CCI
scores and lower CD4 cell counts remained indepen-
dently associated with the outcome (aIRR 1.13, 95% CI
1.09-1.17 and aIRR 0.82, 95% CI 0.69-0.98, respectively).

Discussion

In this observational before-after study, the imple-
mentation of a specialized inpatient HIV care model
was associated with reduced in-hospital mortality, ICU
admission, and composite adverse outcomes among
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PLHIV. In adjusted analyses, hospitalization during the
post-intervention period was associated with a 26%
lower risk of in-hospital mortality. These improvements
were observed despite persistent severe immunosup-
pression and high comorbidity burden. These findings
provide real-world evidence that a structured inpatient
HIV care model was associated with improved out-
comes among hospitalized PLHIV. Interpretation of the
composite adverse outcome requires caution, as ICU
admission may be influenced by both disease severity
and access to intensive care resources. However, the
observed reductions in ICU admission and in-hospital
mortality suggest that the intervention was associated
with improvement across multiple indicators of severe
inpatient outcomes.

Increased diagnostic intensity following imple-
mentation of systematic screening protocols likely
altered ascertainment of OlIs, particularly tuberculosis,
and may have influenced the observed clinical charac-
teristics of hospitalized patients across periods. As a
result, differences in the apparent epidemiological pro-
file of OIs between periods should be interpreted
cautiously. Given the bundled nature of the intervention,
it is not possible to isolate the relative contribution of
individual components or fully disentangle the effect of
changes in diagnostics, treatment, and timing of care.
However, the observed improvements across multiple
clinically relevant outcomes support a potential benefi-
cial effect of the intervention on patient outcomes. The
consistency of improvements across diagnostic prac-
tices, treatment initiation, and clinical outcomes sug-
gests a plausible clinical pathway linking earlier
diagnosis and timely ART initiation to improved survival.



Articles

10

A key component of the broader inpatient HIV care
reorganization was the integration of rapid ART initia-
tion into inpatient care. Early ART initiation during
hospitalization, when clinically appropriate, has been
associated with improved survival and reduced pro-
gression of AHD. Current guidelines recommend rapid
ART initiation, while emphasizing the need to exclude
CNS OlIs to mitigate the risk of immune reconstitution
inflammatory syndrome.>”” At the same time, patients
with suspected TB initiating ART rapidly should un-
dergo prompt diagnostic evaluation and close follow-up
of microbiological results to ensure timely initiation of
anti-TB therapy when indicated.*”® In our setting,
structural barriers previously limited rapid ART initia-
tion during hospitalization as medications were
dispensed exclusively through outpatient systems.
Following the intervention, ART was initiated more
rapidly and consistently, with increased coverage dur-
ing admission and shorter time to initiation. Although
these care-process improvements were not indepen-
dently associated with short-term in-hospital outcomes
after adjustment, they remain essential components of
comprehensive AHD care and may contribute to con-
tinuity of care beyond hospitalization.

The intervention was also associated with a marked
increase in diagnostic capacity and a shift toward
protocol-driven evaluation for OIs. Implementation of
systematic screening for TB, cryptococcosis, and histo-
plasmosis resulted in higher rates of confirmed
diagnoses and reduced reliance on empiric treatment.
The increased positivity rates observed despite broader
test utilization may reflect improved ascertainment of
opportunistic infections among severely immunosup-
pressed individuals following implementation of sys-
tematic screening protocols, particularly given the high
proportion of missed diagnostic evaluations during the
pre-intervention period. These findings align with cur-
rent recommendations for AHD management, which
emphasize systematic screening for Ois.’ Previous
studies have shown that point-of-care diagnostic strate-
gies increase detection of TB, cryptococcosis, and his-
toplasmosis, and may contribute to improved survival
among PLHIV."”*!

The observed increase in TB diagnoses in the post-
intervention period likely reflects improved case detec-
tion rather than a true increase in incidence. The use of
rapid diagnostic tools, including molecular assays, cul-
ture, and urine LAM testing, has been shown to in-
crease case detection and improve survival, particularly
among high-risk populations.” In addition, urine-based
screening strategies can identify a substantial propor-
tion of otherwise undiagnosed TB cases, including
among patients without classic symptoms or other
methods of confirmation.? However, LAM testing may
have cross-reactivity with non-TB mycobacteria, which
can complicate interpretation in some settings.”

The proportion of hospitalized patients undergoing
lumbar puncture nearly doubled during the post-
intervention period. The increased use of lumbar
puncture procedures likely contributed to earlier diag-
nosis and management of CNS infections, including
cryptococcal and TB meningitis. The study however,
captured only whether lumbar puncture was performed
during hospitalization and could not distinguish diag-
nostic from therapeutic procedures or quantify repeated
therapeutic lumbar punctures. Prior studies have
demonstrated that prompt diagnosis and early initiation
of treatment are critical for survival in AHD.** Delayed
diagnosis has been independently associated with
increased mortality,” while therapeutic lumbar punc-
tures play a critical role in the management of crypto-
coccal meningitis and have been associated with
improved survival.*® These findings highlight the
importance of early neurological assessment in patients
with suspected central nervous system involvement.””

In adjusted analyses, empiric TB diagnosis
remained independently associated with increased ICU
admission, consistent with evidence that empiric TB
treatment in high-burden settings is often associated
with more advanced disease, diagnostic uncertainty,
and poorer clinical outcomes.” Disseminated fungal
infections such as histoplasmosis frequently mimic TB
in this population, and misclassification may delay
appropriate treatment.”” In such cases, reliance on
empiric therapy without microbiological confirmation
may delay recognition of alternative OIs and detection
of drug-resistant TB, thereby hindering timely optimi-
zation of treatment.”*°

Higher CD4 count at presentation was consistently
associated with improved outcomes across all models,
consistent with a biological gradient in risk. Patients
with CD4 counts >200 cells/mm® had substantially
lower mortality and adverse outcomes compared with
those with severe immunosuppression, underscoring
the role of immune status in prognosis among hospi-
talized PLHIV. Comorbidity burden was also a strong
predictor of adverse outcomes across all models.

The need for structured inpatient care models for
people with AHD has been increasingly recognized.
The 2023 WHO policy brief recommends integrated
inpatient approaches combining rapid HIV diagnosis,
systematic Ol screening, timely ART initiation, multi-
disciplinary management, and coordinated post-
discharge follow-up.”! Similar strategies have been
described in Malawi, where an “in-reach” AHD model
embedded within medical wards implemented routine
inpatient HIV testing, point-of-care CD4 testing, sys-
tematic LF-LAM and CrAg screening, and inpatient
ART initiation.*? In contrast, our intervention involved a
broader institutional reorganization, including central-
ized inpatient HIV care under a dedicated ID team and
standardized diagnostic and treatment pathways.
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Despite differences in context and implementation,
both approaches share the goal of improving outcomes
among hospitalized PLHIV with advanced disease
through more structured and coordinated inpatient
care.

In the present study, in-hospital mortality decreased
from 96/406 (24%) before the intervention to 93/557
(17%) after implementation of the structured inpatient
HIV care model, although mortality remained high in
both periods, reflecting the severity of illness among
hospitalized individuals with AHD. These findings
should be interpreted within the broader global context
of AHD hospitalizations. A recent systematic review
and meta-analysis including more than 100,000 hospi-
tal admissions worldwide reported a pooled in-hospital
mortality of approximately 17% among individuals
hospitalized with AHD despite expanded access to ART
in the universal treatment era.”

This study has several limitations. First, its observa-
tional before-after design is susceptible to residual
confounding and cannot fully exclude the influence of
secular trends or unmeasured differences in case-mix
between periods. Changes in ICU admission practices
over time cannot be excluded. The lower frequency of
ICU admission observed during the post-intervention
period may have resulted in a more severely ill sub-
group of patients being admitted to ICU, introducing
potential selection bias in comparisons of ICU-related
outcomes between periods. Second, the use of
routinely collected clinical data may introduce misclas-
sification and variability in diagnostic coding. During
the pre-intervention period, syndromic diagnoses were
often recorded without etiologic confirmation, limiting
retrospective characterization of OIs. As such, we were
unable to perform a detailed comparison of specific Ols
or causes of death across periods.

Despite these limitations, the direction and magni-
tude of observed associations support the contribution
of a structured inpatient HIV care model to improved
patient outcomes. Although conducted in a single ur-
ban referral center, the intervention reflects pragmatic
changes in service delivery that may be applicable to
other high-burden settings.

Conclusion

From a health systems perspective, these findings have
important implications for Brazil’s Unified Health Sys-
tem and similar high-burden settings. The imple-
mentation of a structured inpatient HIV care model
integrating multidisciplinary management, standard-
ized diagnostic pathways, and timely ART initiation
processes was associated with improved diagnostic ca-
pacity, more timely ART initiation, and reduced ICU
admission and in-hospital mortality among PLHIV with
AHD. These findings suggest that even in settings with
universal ART access, preventable deaths may persist
when care is fragmented or delayed. Strengthening
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inpatient HIV care through structured, multidisci-
plinary, and protocol-driven models may represent a
potentially relevant approach to improve outcomes in
high-burden settings.
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