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Abstract. HIV prevalence in Indonesia is increasing, and only 64% of infected individuals know their status. In a pro-
spective cohort of 1,453 hospitalized patients with unexplained fever, 46 (3.2%) had HIV, including 15 (1.1%) patients
without a prior HIV diagnosis. Among 31 subjects previously known to have HIV, 21 (68%) had been receiving combina-
tion antiretroviral therapy (CART) at the time of enrollment. Of 39 HIV cases with HIV RNA levels =100 copies/mL,
sequencing for genotype analysis and resistance testing was successful in 30 (77%) subjects. The most common HIV
subtypes were AE (90%) and B (10%). Five (16.7%) subjects had resistance mutations to nucleoside and non-
nucleoside reverse transcriptase inhibitors, and all of them were on cART. No evidence of transmitted drug resistance
was found in newly diagnosed individuals. Hospital-based screening may be an efficient method to expand HIV testing
and identify a significant number of new cases. Access to care, close monitoring, expansion of anti-retroviral options,
and ensuring availability of CD4 determinations, viral load testing, and genotyping are crucial to control of the epidemic

in Indonesia.
BACKGROUND MATERIALS AND METHODS
Indonesia has an estimated HIV prevalence of approxi- Study design and participants. This study was con-
mately 0.3% (~800,000 individuals).! The majority of people ducted as a sub-analysis of a larger observational study

living with HIV (PL\:/2VH) are 25-49 years; youth < 19 years old designed to identify etiologies of acute febrile illness in hos-
account for 5.8%.” Though the epidemic is concentrated in pitalized patients (AFIRE). The AFIRE study® enrolled 1,486
§everg| centers, with gpproxmately 19% of repoﬁed HIV individuals aged =1 year with fever (>38°C) for <15 days
infections in the capital Jakarta, cases are dispersed admitted for evaluation at eight large referral hospitals in
throughout urban and rural areas across 2,342 islands span- seven provincial Indonesian capitals between July 2013 and
ning over 5,000 km.2 In 2020, ~64% of PLWH knew their P . P ) y .
June 2016. To avoid enrollment of subjects with chronic

status; only 34% of those positive were on antiretroviral ther- ) . )
apy (ARV), of whom 17% were virally suppressed.® Thus infection as the cause of fever, patients were excluded from

Indonesia is far from the UNAIDS 95-95-95 targets,* in which the study if they had subjective fever for more than 2 weeks
95% of PLWH know their HIV status, 95% of people who or were hospitalized in the preceding 3 months. Specimens
know their status are on ARV, and 95% of those on ARV were collected at baseline, at convalescence (14-28 days),
have suppressed viral loads. Testing is conducted at prena- and at 3 months post admission. For the second and third
tal clinics, tuberculosis clinics, and through targeted cam- specimens, patients were invited to return to the hospital if
paigns in high-risk populations; new testing initiatives are already discharged. Clinical data and hospital laboratory

essential and are being developed. One consideration for
identifying PLWH is screening of acutely febrile hospitalized
patients because clinical manifestations of acute HIV infec-
tion and HIV-associated co-infection can include fever. Here
we describe the potential opportunity for implementing HIV
testing in this setting. In addition, we evaluate genotypes
and resistance mutations to facilitate epidemiologic charac-
terization of HIV in Indonesia.

results were documented, and additional diagnostic tests
(molecular and serological assays) were completed at INA-
RESPOND laboratories.® For this analysis, 33 participants
were excluded due to insufficient specimens.

HIV testing. HIV testing was performed retrospectively in
2017 on samples obtained at 3 months (convalescent speci-
mens) using two antibody-based rapid diagnostic tests
(RDTs) for qualitative detection of antibodies to HIV type 1
(gp-120, gp-41, p24), type 2 (gp-36), and subtype O
(Oncoprobe® Utama [Jakarta, Indonesia] and SD diagnos-
tics). If negative, no further testing was performed. If
vAddress comespondence fo Herman Kosasih.  Indonesia positive, all available samples were tested using a fourth-
Research Partnerghip on Infections Disease, Jalan’ Percetakan generation ELISA (Bio-Rad, Hercules, CA) and reverse
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respond.net described below to address the possibility of acute infection
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or infection occurring between hospitalization and collection
of the 3-month specimen. For 441 subjects without a
3-month sample, a fourth generation ELISA and RT-PCR
were performed in addition to the two RDTs mentioned
above at baseline and at 14-28 days to detect acute or
chronic infection.

HIV-1 RNA screening was performed via 1) a one-step
quantitative RT-PCR assay detecting a conserved region
(nucleotide 510-588) of the gag ORF’ and 2) a conventional
PCR assay targeting an 812-bp region of the gag gene.®
Specimens positive for HIV-1 RNA were sequenced for ARV
resistance and subtype profiles based on a 1,273-bp nucleo-
tide sequence (2,527-3,800 of HIV-1 HXB2 genome number-
ing) of the RT gene.® HIV subtype was determined from the
sequence using REGA subtyping algorithm.®

Statistical analysis and ethical clearance. Descriptive
statistics were calculated using Stata 13 (StataCorp, LLC,
College Station, TX). This study was approved by the Institu-
tional Review Board of the National Institutes of Health
Research and Development, Ministry of Health, Indonesia. All
participants provided informed consent prior to enroliment.

RESULTS

Among 1,486 enrolled individuals, 1,453 subjects had
available specimens. Forty-six subjects (41 adult, 5 pediatric)
were HIV positive, indicating an overall prevalence of 3.2%,
with 4.8% (41/855) and 0.8% (5/598) attributable to adult
and pediatric patients, respectively (Table 1). Review of clini-
cal records revealed that 31/46 individuals had previously
diagnosed HIV infection at enrollment. Among participants
with no known history of HIV, 15/1,422 (1.1%) had

undiagnosed HIV infections. Nine of these subjects were
diagnosed by their clinical teams during hospitalization, and
six subjects were diagnosed after discharge based on test-
ing at the INA-REPOND laboratory (Table 1). In five of the six
retrospective diagnoses, all tests were positive, indicating
chronic untreated infections. In one subject, the two RDTs
were negative, but the fourth-generation ELISA and RT-PCR
were positive, suggesting acute HIV infection.

Among the 15 patients with newly diagnosed HIV, com-
mon presenting characteristics included 13 (87%) with a
lymphocyte count = 20%, 8 (53%) with anemia, 6 (40%)
with cough and dyspnea, 5 (33%) with diarrhea, 5 (33%)
with weight loss, 2 (13%) with decreased consciousness,
and 2 (13%) with peeling skin and pruritis. Their clinical diag-
noses at the time of admission included 5 (33%) with
community-acquired pneumonia, 4 (27%) with tuberculosis,
2 (13%) with dengue, 2 (13%) with gastroenteritis, 1 (7%)
with typhoid fever, and 1 (7 %) with tonsillitis.

Based on available data, 21/31 (68%) subjects previously
known to have HIV had been receiving combination antire-
troviral therapy (CART) at the time of enrollment, and seven
(833%) of these were documented to have HIV RNA levels
<100 copies/mL.

Of 39 HIV cases with HIV RNA levels =100 copies/mL,
sequencing for genotype analysis and resistance testing was
successful in 30 (77%) subjects. The majority (27) were sub-
type AE, and 3 were subtype B, including the subject with
acute HIV infection. Five (17%) subjects had resistance muta-
tions. All five were documented as receiving cART. No evi-
dence of transmitted drug resistance was found in the 15
newly diagnosed individuals. Each resistance sequence pos-
sessed a distinct pattern, including multiple thymidine

TABLE 1

Patient characteristics, HIV treatment regimens, and laboratory findings for 46 subjects hospitalized with fever and diagnosed as having HIV
(41 adults, 5 pediatric [< 19 years old])

HIV negative Previously known Diagnosed during Diagnosed retrospectively
(N = 1,407) N =231) hospitalization (N = 9) =6)
Demography
Age (years), median (range) 21 (1-98) 30 (5-46) 34.5 (26-55) 30 (6-35)
Pediatric/adult 593/814 4/27 0/9 1/5
Sex (male) 777 23 7 5
ARV treatment, n N/A 21 6 N/A
AZT/3TC/nevirapine 9 1
TDF/3TC/efavirenz 8 5
D4T /3TC/nevirapine 1 0
TDF/3TC/LPV/r 1 0
AZT/3TC/efavirenz 1 0
TDF/FTC/nevirapine 1 0
Undocumented ARV treatment 10 3
Laboratory HIV viral detection, n N/A 31 9 6
Virus detected (=100 copies/mL) 24 9 6
Undetected (< 100 copies/mL) 7 0 0
Resistance N/A 5 0 0
Genotype performed, n N/A 18 7 5
Subtype A (01_AE) 17 6 4
Subtype B 1 1 1
Complete blood count, median (range)
Hgb (g/dL) 13.1 (3.3-20.8) 9.7 (5.9-16.2) 10.2 (8.9-13.4) 13 (7.6-16.2)
WBC count (cells/uL) 6, 800 (500-70,500) 6,500 (700-14,900) 7,200 (3,600-14,800) 9,050 (6,300-17,100)
Lymphocyte count (%) 0 (0-97.9) 14 (3.6-40.4) 10 9 (56.3-20.7) 11 1(6.2-74)
Lymphocyte count (absolute) 1 189 (0-20,152) 770 (97-4,038) 784 (439-1,264) ,108 (731-7,104)
Mortality, n (%) 0 (5) 12 (38.7) 3 (33.3) 2 (33.3)
During hospitalization 1@2.9) 8 (25.8) 2 (22.2) 2 (33.3)
3 months post hospitalization 9 (2.1) 4 (12.9) 1(11.1) 0 (0)

ARV = antiretroviral; N/A = not available; WBC = white blood cell.
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analog mutations, mutations conferring resistance to other
nucleoside reverse transcriptase inhibitors and mutations indi-
cating resistance to non-nucleoside reverse transcriptase
inhibitors (Table 2). Two of these subjects died—one during
hospitalization and one 3 months after hospitalization.

Fifteen adults and two pediatric subjects with HIV died,
including the subject with probable acute HIV infection.
Overall mortality was 37% (17/46) among PLWH subjects,
compared with 5% (70/1,406) among the non-HIV group
(P <0.01) 3 months after hospitalization. Mortality rates for
patients with previously diagnosed HIV and patients with
unknown prior HIV status were similar (32.4% versus 33%).
Four subjects died with tropical coinfections (two Rickettsia
typhi and two Salmonella spp.), and another five subjects
died due to co-infections with M. tuberculosis (3), sepsis due
to P. aeruginosa (1), and S. pneumonia (1). An etiology other
than HIV was not identified in eight subjects. Four of the 29
surviving subjects had co-infection with dengue virus (3) or
measles virus (1).

For the four pediatric subjects known to be HIV positive,
median age was 7 years (range: 5-8 years). Two were male.
Two pediatric subjects had documented ARV regimens (1
D4T/3TC/Nevirapine and 1 TDF/3TC/LPV/r); both had
detectable 01_AE subtype. The first subject had measles
virus co-infection, and the second subject had Bordetella
pertussis and Streptococcus pneumonia co-infections; both
subjects survived. The two cases with Mycobacterium tuber-
culosis co-infections were fatal, although the HIV was sensi-
tive to all ARV drugs. The subject diagnosed retrospectively
by this study was a 6-year-old boy with cough, sore throat,
and skin rash and had a clinical diagnosis of tonsilitis.

DISCUSSION

HIV infection is a substantial public health challenge for
Indonesia, which remains one of the few countries with an
increasing number of new infections yearly.'® Indonesia has
an overall HIV prevalence of approximately 0.3% and annual
incidence of 46,659 (2018), 50,282 (2019), and 41,397
(2020).2"" The HIV epidemic in Indonesia, as elsewhere, is
concentrated in key populations, including injection drug
users, men who have sex with men, transgender women (or

“waria”), and commercial sex workers. Many of these are
groups that are challenging to reach by traditional testing
approaches, such as voluntary counseling and testing. New
initiatives to achieve the 95-95-95 goals of UNAIDS are in
process, and additional opportunities to engage key popula-
tions are needed. Fever as a cause of hospitalization is com-
mon in Indonesia, though testing for HIV is not a routine part
of care. Screening patients with fever for HIV infection may
be an effective tool for identification of PLWH because clini-
cal manifestations of acute HIV infection and HIV associated
co-infections can include fever.

In this cohort, 3.2% of subjects admitted to the hospital
for evaluation of unexplained fever were HIV positive, and
one-third of these were not previously known to be HIV posi-
tive. Positivity rates among those admitted for fever and with
unknown HIV status was 3.5-fold higher than overall esti-
mates of HIV prevalence, suggesting that routine HIV testing
of hospitalized patients could yield a significant number of
new diagnoses. Considering the limited ability of the govern-
ment to provide free testing, this approach could focus on
individuals with certain clinical syndromes (e.g., tuberculo-
sis, pneumonia, chronic diarrhea) and laboratory parameters
(e.g., lymphopenia, anemia), with an emphasis on those from
key populations.

Prior research supports the effectiveness of targeted
screening. A cost-effectiveness study of routine testing to
determine the HIV prevalence for 14 different indicator con-
ditions in 20 European countries showed that 10 indicator
conditions (hepatitis B and C, infectious mononucleosis-like
syndrome, unexplained lymphadenopathy, pneumonia,
peripheral neuropathy, seborrheic dermatitis, cervical dys-
plasia, and malignant lymphoma) had HIV prevalence of
> 0.1%."2 Studies among patients with fever admitted to
health care facilities demonstrated that routine HIV testing
may identify acute HIV infection in patients with suspected
endemic illnesses, such as malaria in Kenya13 and
Uganda,'* acute mononucleosis in the United States, ' den-
gue in Singapore,'® and currently COVID-19 globally.”
Other studies among patients admitted to medical, surgical,
and emergency departments found that 0.13% were positive
for HIV, among whom 78% had chronic HIV infection. Such
infections may be missed without routine HIV testing in the

TABLE 2
Major antiretroviral resistance mutations identified in five subjects to nucleoside reverse transcriptase Inhibitors (NRTIs) and non-nucleoside
reverse transcriptase Inhibitors (NNRTIs). Genotypic SUSCEPTIBILITY SCORES (GSSs) for the current treatment regimen are shown. Also
shown are the GSS scores if the regimen was changed to include a protease inhibitor (PI) or an integrase strand transfer inhibitor (INSTI)

Drug-resistant

Drug-resistant

Optimal GSS with Pl

Study participant, city Age (years)  Current ART regimen Outcome  Subtype mutations, NRTI mutations, NNRTI Overall GSS* and INSTI option
#1, Denpasar 36 AZT+3TC+EFV  Survived AE D67N, K70E, K103N, P225H, 1 3
M184V, K219R K238T, N348I
#2, Yogyakarta 8 TDF+3TC+LPV/r Survived AE D67N, K70E, K101E, V108I, 1 2
M184V, K219R G190A
#3, Yogyakarta 25 AZT+3TC +NVP Survived AE M184V Y181C, G190A, 1 3
P225H
#4, Yogyakarta 30 TDF+FTC+NVP Died B T215Y, K219N K101E, Y181C 2 3.5
#5, Yogyakarta 33 TDF+3TC+EFV Died AE M184V A98G, K103N, 1 2
Y318F

ARV = antiretroviral.

*“For each drug prescribed, a GSS value of 1 was assigned if resistance interpretation identified no resistance or potential low-level resistance. A GSS of 0.5 was assigned to prescribed drugs
with intermediate resistance or low-level resistance, and a value of 0 was assigned to drugs with high-level resistance. The arithmetic sum of the individual scores for the specific drugs prescribed
provided the total GSS of that treatment. Patients were grouped corresponding to the number of active drugs prescribed: < 2; 2-2.5; and = 3. Thus, a value of = 3 indicates a fully active regimen,
and values of < 3 indicate increasingly higher drug resistance and secondarily increasingly less residual antiviral potency of the antiretroviral regimen” (quoted verbatim from Gonzalez-Serna,

Journal of Antimicrobial Chemotherapy, 2017).%'
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hospital setting.'®2° Our study has shown that screening
during hospitalization for acute febrile illness may identify
both acute and chronic HIV infections.

Given our high observed mortality of 33% in PLWH with
previously unknown HIV status, HIV screening of hospital-
ized patients is a good opportunity for diagnosis, linkage to
care, and appropriate treatment, including access to cART.
The high proportion of PLWH presenting to hospitals with
advanced disease, as suggested by presenting illness
severity, highlights the potential value of routine screening,
particularly in high-risk populations. Furthermore, the high
mortality rate in those with known HIV suggests gaps in clini-
cal care, consistent with the low proportion of patients with
documented CD4 and/or viral load data as well as the num-
ber of patients with viral loads =100 copies/ml despite
being on therapy. It is important to note that not all health-
care facilities in Indonesia have the capacity to perform CD4
and viral load testing. Although our findings should not be
generalized beyond the large referral hospital setting, we
have identified a likely opportunity for improving HIV detec-
tion and management in Indonesia.

As reflected in our cohort, the number of pediatric (<14
years old) patients hospitalized for acute fever in Indonesia is
relatively low (3.5%). One subject receiving second-line ARV
(1 TDF/3TC/LPV/r) showed resistance to first-line HIV treat-
ment, per the Indonesian guidelines. The two fatal
co-infections with M. tuberculosis had HIV sensitive to first
line ARV, but adherence was low. Challenges to optimal
adherence include the limited number of pediatric ARV for-
mulations, side effects, daily medication requirements, and
the need for ongoing support from extended family for those
whose parents have died. The case of missed HIV diagnosis
during hospitalization highlights the importance of careful
history taking, physical examination, and laboratory evalua-
tion.""2" Because mother-to-child transmission is the most
common etiology of pediatric HIV in Indonesia, a program
providing HIV prevention, diagnosis, and treatment to young
girls, women living with HIV, and pregnant women unaware
of their status was started in 2012.

Drug resistance was not detected in cART-naive individu-
als in this study. Prior studies found relatively low rates
of transmitted drug resistance in Indonesia.?>*®* Our
prevalence of drug resistance in treatment-experienced indi-
viduals (5/30, 16.7%) was within the range of previous
reports (6% in Papua®® and 23.7% in North Sulawesi?®).
Lack of clinician awareness of drug resistance in four of five
subjects suggests a need for expanded access to resistance
testing in addition to closer monitoring of clinical manifesta-
tions, CD4 count, and viral load to optimize management
strategies.

Viral resistance profiles in our cohort reflect the antiretrovi-
ral drugs used as first-line therapy in Indonesia, specifically
zidovudine (AZT), lamivudine (3TC), and efavirenz. It is
unlikely that patients with the resistance profiles identified in
our study would be suppressed using options currently
available in Indonesia. The complexity of the observed resis-
tance profiles to reverse transcriptase inhibitors indicates
that the use of protease inhibitors and integrase strand
transfer inhibitors will be important ARV choices for patients
who have already been treated with ARV, especially those
with lower Genotypic Susceptibility Scores (Table 2). It
would be of great value to modify the currently available

formulary to include these agents so that treatment options
can be expanded, particularly where first-line regimens have
been in use for an extended period of time. More effective
and easier-to-use regimens would increase compliance and
minimize development and transmission of drug resis-
tance.?® Recent approval of dolutegravir in Indonesia,
though only for treatment-experienced patients with resis-
tance to at least two ARVs, is a step in the right direction.?”

Our study suggests several strategies that could improve
HIV detection and management in Indonesia: 1) implement
routine HIV testing for all patients presenting for hospitaliza-
tion with fever, 2) educate health care providers on HIV
detection and management strategies, 3) expand the ART
formulary in Indonesia, and 4) 4ducate patients about HIV,
including the importance of adherence to treatment.

Routine HIV testing for all individuals with fever entering
the health care system should be considered. The frequency
of such screening might be more for those at high risk, those
presenting with certain clinical syndromes, or those with cer-
tain laboratory abnormalities. This approach has been imple-
mented in other countries, including Bostwana, Uganda,
Haiti and South Africa, with a resultant increase in both inpa-
tient and outpatient testing.2® Implementation of hospital-
based testing in three Vancouver hospitals for patients
admitted to the emergency department and to medical and
surgical units resulted in a positive testing rate of 0.13%,
with more acute infections diagnosed in hospitalized
patients.'® Training health care professionals to recognize
the clinical presentation of acute HIV infection will also
enable earlier initiation of cCART and appropriate counseling
to reduce the risk of transmission. Identification of early HIV
infection requires a high index of suspicion and knowledge
of laboratory methods?®® and will be particularly important in
Indonesia where current HIV incidence is low (~48,300
cases; 18.2 per 100,000 population) per year' but is increas-
ing rapidly.®® The currently available formulary should also
be modified to include antiretrovirals that will expand treat-
ment options, particularly where available regimens are
exhausted, to increase compliance and limit transmitted
drug resistance.?® Counseling of patients regarding their dis-
ease status, importance of adherence, connection to care,
detected resistance, and any necessary modification of
cART should also be standard in HIV management. Because
quantitative RT-PCR and sequencing for ARV resistance
were performed retrospectively in our study, results were
reported back to the patients’ primary doctors, who pro-
vided adherence counseling and switched to second-line
therapy.

The data presented in this manuscript were collected as
part of a larger parent study on acute febrile illness requiring
hospitalization; the parent study was not designed to assess
HIV. Thus, this sub-study was limited in its ability to broadly
target patients at risk for HIV. For example, exclusion of
patients with a history of hospitalization in the past 3 months
may have caused us to miss undiagnosed advanced HIV
cases because these patients often have recurrent hospital-
izations associated with opportunistic infections.

Access to treatment, close monitoring, ensuring that CD4
determinations, viral load testing, and genotyping are
increasingly available will be crucial to curbing the epidemic
in Indonesia. A more aggressive program will preserve treat-
ment options and decrease the burden of severe illness on
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the health care system. Early implementation of these
advances will reap substantial benefit.
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