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ABSTRACT

Background: Acquired immunodeficiency syndrome (AIDS) is a syndrome of an opportunistic infectious disease due
to decreased immune system by human immunodeficiency virus (HIV) infection. Neutrophil-lymphocyte ratio (NLR)
and viral load were used to assess inflammatory status and the amount of HIV virus in the blood. This study aims to
determine the association between NLR and viral load in HIV/AIDS patients with the opportunistic pulmonary
infections.

Methods: This study is an analytic observational study with a cross-sectional design. Data was collected through the
medical records of HIVV/AIDS patients at Wangaya General Hospital from January 2018 - April 2023. The data analysis
method used was the Chi square test as bivariate tests.

Results: A total of 139 subjects, the majority of HIVV/AIDS patients who had opportunistic pulmonary infections were
Balinese ethnicity (45.3%), female (37.6%), age >36 years old (54.7%), used ART for >3 months (41.5%), viral load
<40 copies/ml, NLR >2.81 (47.9%), had adherence (43.7%), types of ART were used combination of tenofovir
lamivudine efavirenz (45.2%), and private employed (42.5%). A statistically significant association was found between
age with opportunistic pulmonary infections (p=0.003; PR=3.082; 95% CIl=1.516-6.266). NLR showed a significant
association with the incidence of opportunistic pulmonary infections (p=0.003; PR=8.274; 95% Cl=1.838-37.249). This
study also showed pulmonary tuberculosis (42.37%) as the most common opportunistic pulmonary infections.
Conclusions: There is a significant association between NLR levels in HIV/AIDS patients with opportunistic
pulmonary infections at Wangaya General Hospital, which the higher NLR levels correlates with higher opportunistic
pulmonary infections.
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INTRODUCTION

Human immune-deficiency virus (HIV) is a ribonucleic
acid (RNA) virus that belongs to the retroviridae family
and the lentivirinae subfamily. Patients with confirmed
HIV can develop acquired immunodeficiency syndrome
(AIDS) if they are not given proper therapy. AIDS is some
symptoms of opportunistic infections caused by this viral
infection.! HIV can be transmitted via blood transfusions,
sharing intravenous needles, sexually, and from the mother

to child during the birth process and breastfeeding. Most
patients diagnosed with HIV will develop AIDS within ten
years if left untreated. Once a patient has been diagnosed
with AIDS and they do not receive ART, they will
probably die within two years.?

According to UNAIDS data in 2021, it was reported that
globally 38.4 million people were living with HIV in 2021.
650.000 people died from AlID-related illnesses in 2021.3
The number of new HIV infections in Indonesia continues
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to increase every year. Since it was first discovered in 1987
until March 2017, HIV-AIDS is spread in 390 (78%) of
498 regencies/cities in all provinces in Indonesia.*_The
prevalence of HIV/AIDS among people aged 15-49 years
tends to be increased in the 2016-2020 period. Number of
cases of HIV/AIDS in Bali province that were reported to
the health service, continues to increase from year to year.
Number of HIV/AIDS cases that were reported by
voluntary testing and counseling (VCT) polyclinics and
hospitals in Bali from 1987 to 2020, were 7.189 cases.®

The most important reason why pulmonary complications
often occur in HIV infection is the anatomical
consequences of the lungs so that they are chronically
exposed to external (exogenous) infectious and non-
infectious materials, on the other hand there is also
hematogenous exposure to the HIV virus (endogenous)
which weakens the immune system.® Pulmonological
complications, especially due to opportunistic infections,
are the main cause of morbidity and mortality and can
occur at all stages with various manifestations.”®

The most commonly seen opportunistic pulmonary
infections would be upper respiratory tract infections and
acute bronchitis. HIV/AIDS patient for pulmonary disease,
observation should be made of the patient’s work of
breathing, looking for signs of respiratory distress.
Auscultation may reveal generalized or focal adventitious
lung sounds, which may aid in the diagnosis of the
pulmonary problem.®

Chronic proinflammatory states associates with HIV
infection, even in patients receiving antiretroviral therapy
(ART). There are 2 laboratory tests which are the focus of
discussion in this study. There are viral load and
neutrophil-lymphocyte ratio (NLR). When viral loads are
low or undetectable, can be associated with worsened
outcomes including mortality.*® Viral load is an indicator
to determine the response to therapy, the risk of
transmission, and the risk of spreading infection.'* NLR is
a laboratory test that aims to determine the presence or
absence of an inflammatory process. NLR is obtained from
the absolute neutrophil count divided by the absolute
lymphocyte count.'? The higher the NLR value, the lower
the CD4 value so that HIV/AIDS patients are susceptible
to other infections. Therefore, NLR is used as a warning of
the severity of infection.! One of the keys to success in
reducing AIDS mortality and morbidity is increasing ART
coverage. Related to this, another key to the success of
ART for HIV is not late to give ART since the initial
diagnosis of HIV.® The treatment of HIV requires the use
of ART to suppress viral load and maintain CD4 counts.
Various drug combinations are used to treat HIV, and the
treatment is for life.'4

The aim of this study is to be able to use laboratory tests
such as NLR and viral load counts which are associated
with the presence of opportunistic pulmonary infections in
HIV/AIDS. The established marker of subclinical
inflammation, NLR is easily determined from a complete

blood count. Most inflammatory biomarkers are not
measured in standard practice and may be expensive or
impractical to monitor routinely. Viral load testing is the
gold standard for HIV treatment monitoring. Periodic viral
load tests are the most accurate way of determining
whether antiretroviral therapy is working to suppress
replication of the virus. Achieving viral suppression
protects the body’s immune system.

METHODS

This research is an analytic observational study with a
cross-sectional approach. Researchers only make
observations without giving treatment to the variables
studied. This study is also retrospective because it uses
data from patient medical records. This research was
conducted at Wangaya General Hospital from January
2018 to April 2023. The sample for this study used the
medical records of HIV/AIDS patients. The sampling
technique used was consecutive sampling where samples
were taken based on inclusion and exclusion criteria. The
inclusion criteria included patients who had been
diagnosed as positive for HIV/AIDS, complete medical
record data of research subjects at the VCT polyclinic,
patients who had regularly used ART for at least 1 month,
and the age of the patients were 18-65 years. Exclusion
criteria included patients with a history of chronic
diseases, such as cancer, diabetes mellitus, hypertension,
kidney failure, and cirrhosis of the liver. In this study, the
sample size obtained was 139 subjects. The characteristics
shown in the independent variables in this study were
ethnicity, gender, age, ART duration, viral load, NLR, and
control compliance. The dependent variable was
opportunistic pulmonary infection. Data analysis was
performed using the statistical product and service
solutions (SPSS) program. The data analysis method in
this study was the Chi square test as bivariate test. The
presentation of the data is in the form of a frequency
distribution table (one-way tabulation) and cross
tabulation (two-way tabulation). The p value of <0.05 is
considered significant.

RESULTS

The characteristics of the subjects, as shown in Table 1,
the median age with opportunistic pulmonary infections
was 43.00 (18.00-76.00). The median age without
opportunistic pulmonary infections was 34.50 (22.00-
64.00). The median NLR with opportunistic pulmonary
infections was 3.22 (0.33-17.41). The median NLR
without opportunistic pulmonary infections was 2.69
(0.04-18.86). Based on the median, the cut off points for
age were divided into <36 and >36 years old. The cut off
points were divided into <2.81 and >2.81.

Association of clinical profile with opportunistic
pulmonary infections in HIV/AIDS are shown in Table 2.
The majority of HIVV/AIDS patients who had opportunistic
pulmonary infections were Balinese ethnicity (45.3%),
female (37.6%), age >36 years old (54.7%), used ART for
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>3 months (41.5%), viral load <40 copies/ml, NLR >2.81
(47.9%), had adherence (43.7%), types of ART were used
combination of tenofovir + lamivudine + efavirenz (TLE)
(45.2%), and private employed (42.5%). Based on the
bivariate analysis results, a statistically significant
association was found between age with opportunistic
pulmonary infections in HIV/AIDS (p=0.003; PR=3.082;
95% Cl=1.516-6.266). NLR showed a significant
association with the incidence of opportunistic pulmonary
infections in HIV/AIDS (p=0.003; PR=8.274; 95%
Cl=1.838-37.249). Meanwhile, the remaining factors,
such as ethnicity, age, ART duration, viral load, and
control compliance, were not statistically associated with
the incidence of opportunistic pulmonary infections in

HIV/AIDS (p>0.05). There are 59 HIV/AIDS patients who
had opportunistic pulmonary infections. One patient can
have more than one opportunistic pulmonary infections.

Table 1: Characteristics of sample.

Opportunistic pulmonary

Characteristics _infections, median (min-max

No Yes
Age, years 34.50 (22.00- 43.00 (18.00-
d 64.00) 76.00)
2.69 (0.04- 3.22 (0.33-
i 18.86) 17.41)

Table 2: Association of clinical profile with opportunistic pulmonary infections.

Opportunistic pulmonary

Clinical profiles infections, n (%) 95% CI
No Yes
Ethnicity
Balinese 52 (54.7) 43 (45.3) 0.691 0.331-1.441  0.422
Non-Balinese 28 (63.6) 16 (36.4)
Gender
Male 22 (47.8) 24 (52.2) 0.553 0.271-1.130  0.147
Female 58 (62.4) 35 (37.6)
Age, years
<36 46 (71.9) 18 (28.1) 3.082 1.516-6.266  0.003*
>36 34 (45.3) 41 (54.7)
ART duration (months)
<3 4 (44.4) 5 (55.6) 0.568 0.146-2.215  0.635
>3 76 (58.5) 54 (41.5)
Viral load (copies/ml)
<40 71 (56.3) 55 (43.7) 0.574 0.168-1.961  0.549
>40 9 (69.2) 4 (30.8)
NLR
<2.81 18 (90) 2 (10) 8,274 1.838-37.249  0.003*
>2.81 62 (52.1) 57 (47.9)
Adherence
Yes 76 (56.3) 59 (43.7) 0.219
No 4 (100) 0 (0.0)
ART types
Tenofovir + lamivudine + dolutegravir (TLD) 23 (67.6) 11 (32.4)
Tenofovir + lamivudine + efavirenz (TLE) 57 (54.8) 47 (45.2)
Lamivudine + zidovudine + nevirapine 0 (0.0) 1 (100)
Occupation
Not working 15 (60) 10 (40.0)
Government employed 2 (33.3) 4 (66.7)
Private employed 46 (57.5) 34 (42.5)
Entrepreneur (self-employed) 8 (66.7) 4 (33.3)
Farmer 5(71.4) 2 (28.6)
Others 4 (44.4) 5 (55.6)

*Statistically significant (p<0.05)

The type of opportunistic pulmonary infections in
HIV/AIDS patients can be seen in Table 3. The most
common opportunistic pulmonary infections were

pulmonary tuberculosis (TB) (42.37%). 9 patients
(15.25%) had acute upper respiratory infection. 12 patients
(20.34%) had pneumonia. 10 patients (16.95%) had
bronchitis. 2 patients (3.39%) had coronavirus disease
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(COVID-19). 9 patients (15.25%) had pneumocystis
pneumonia (PCP).

Table 3: Types of opportunistic pulmonary infections.

Types of opportunistic pulmonary

infections n (%)
Acute upper respiratory infection 9 (15.25)
Pneumonia 12 (20.34)
Bronchitis 10 (16.95)
Pulmonary TB 25 (42.37)
COVID-19 2 (3.39)
PCP 9 (15.25)

*One patient can have more than one opportunistic pulmonary
infections

DISCUSSION

This study showed 42.45% (n=59) of HIVV/AIDS patients
experienced opportunistic pulmonary infections, where
opportunistic pulmonary infections were more common in
HIV patients with risk group for Balinese ethnicity
(45.3%), Female (37.6%), used ART duration >3 months,
had adherence (43.7%), and private employed (42.5%).
This study also showed 42.37% (n=25) of HIV/AIDS
patients experienced pulmonary tuberculosis. Previous
reports on the prevalence of opportunistic infections (Ol)
reported the prevalence of Ol to be 12.3% (n=167) and the
most common types of Ol were tuberculosis infection
(43%).5 Study done by Inamdar et al in India found
tuberculosis as the most common Ol in HIV patients. 6

This study found that age was associated with
opportunistic pulmonary infections. The age group >36
years had a significant relationship to the incidence of
opportunistic pulmonary infections. This was following
research reports in the United States that aged 13-24 years,
35-44 years, and 45-54 years had risky behavior.'” Another
following research reported the majority of diagnosed HIV
patient were 46-65 years (70.69%) and male (68.97%).
The report also showed 13.79% (n=8) were HIV with
TB.8 A study from Congo showed the most represented
group with Ol in HIV patients were 36-45 years (31.8%).°

NLR has been used as an inflammatory marker to predict
the severity of various diseases that can be easily obtained
at low cost. Inflammation plays a significant role in the
pathogenesis of opportunistic pulmonary infections. The
inflammatory process causes neutrophil apoptosis, which
disrupts the function and number of neutrophils and makes
HIV patients susceptible to bacterial infection.?’ The other
finding in this study showed that NLR had a significant
relationship with opportunistic pulmonary infections in
HIV/AIDS patients. This was following the previous study
that HIV patient with TB had statistically significant
relationship with NLR (p<0.05) with the mean NLR of
6.05+2.67.2 Another following study by Kusnadi et al
found NLR was significantly higher in subjects with
bacterial infections in HIV patient (p<0.05) and the mean
NLR was 12.8049.19. The study concluded that NLR can

become a marker of bacterial infection in HIV-infected
patients.??

In this study, it was found that viral load was not associated
with the incidence of opportunistic pulmonary infections
in HIV/AIDS patients (p=0.549). These results were in line
with studies conducted by Kurniawati et al and Ogbenna
et al 2324

While research conducted by Ekwaru et al obtained
different results, it found an association between having
had an opportunistic illness and short-and long-term
effects on HIV RNA viral load among people taking ART.
Participants who had an Ol following an assessment in
which their HIV RNA viral load was undetectable had four
times the odds of having a detectable HIV RNA viral load
in the following three-month assessment compared to
when there was no episode of an Ol (OR=3.8; 95%
CI=1.7-8.4; p=0.001).%

Limitations

The limitations of our study were due to the limited scope
of this study as it was only conducted by consecutive
sampling and samples were taken without further follow
up. Author also realized that the results of this study still
had several weaknesses where the risk factors affecting
NLR and viral load were not studied further, thus affecting
the validity value obtained in this study. These risk factors
included regular NLR and viral load tests in the short and
long term.

CONCLUSION

This study identified the association NLR and viral load
with opportunistic pulmonary infections in HIV/AIDS
patients. This study found that age and NLR were
statistically associated with the incidence of opportunistic
pulmonary infections in HIV/AIDS patients. NLR is a
cheap and easy-to-obtain biomarker that is associated with
opportunistic pulmonary infections in HIV/AIDS. Viral
load was not associated with the incidence of opportunistic
pulmonary infections in HIV/AIDS patients. Samples
were taken without further follow up might be the cause of
it. However, ethnicity, age, ART duration, and control
compliance were not associated with the incidence of
opportunistic pulmonary infections in HIV/AIDS patients.
Further studies can conduct research using another
sampling method and other independent variables.
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