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Abstract: HIV/AIDS is a global health challenge that requires long-term therapy, one of
which is the use of Antiretroviral (ARV). ARV therapy has a significant impact on the patient's
hematological profile, such as hemoglobin, hematocrit, erythrocytes, leukocytes, and
platelets. However, the long-term effects of ARV therapy on hematological profiles in
Indonesia, especially in the Central Kalimantan region, have not been widely studied. This
study aims to analyze the relationship between the length of ARV therapy and hematological
profile in HIV patients at Buntok health center. This study used an analytic survey design with
a cross-sectional approach. The study sample involved 29 HIV patients undergoing ARV
therapy, taken by total sampling. Data were obtained from medical records and laboratory
examinations and then analyzed using the Spearman correlation test to test the relationship
between variables. The results showed a significant association between the duration of
ARV therapy and the levels of hemoglobin (p = 0.005), hematocrit (p = 0.001), erythrocytes
(p = 0.000), and platelets (p = 0.023). However, no significant relationship was found
between the duration of ARV therapy and the number of leukocytes (p = 0.063). The
correlation found was negative, indicating that the longer the ARV therapy, the more certain
hematological parameters decreased. It is concluded that the duration of ARV therapy is
associated with changes in the hematological profile of HIV patients. These findings suggest
the importance of routine monitoring of hematologic profiles to detect adverse effects of ARV
therapy, especially in patients on long-term therapy.
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INTRODUCTION

HIV is one of the world's most serious public health problems. Since the beginning of
the epidemic, the virus has infected more than 79 million people, and more than 36 million
have died!. Globally, at the end of 2020, approximately 37.7 million people were living with
HIV. An estimated 0.8% of adults aged 15-49 years worldwide have HIVZ. In 2021, 74% of
adults living with HIV had access to antiretroviral therapy?. In Indonesia, according to data
from the Ministry of Health from the 2022 HIV AIDS Information System, 10,423 people with
HIV/AIDS received ARV treatment in the period July—September 2022. In Central
Kalimantan, according to data from the Central Kalimantan Provincial Health Office, in 2023,
967 people with HIV/AIDS received ARV treatment. Meanwhile, based on data from the HIV
AIDS Information System (SIHA) of the Buntok Health Center UPT in 2023, 28 people
received ARV therapy.
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HIV infection is a multisystem disease with various pathological manifestations,
including hematological disorders that often occur in HIV patients. Anemia, leukopenia, and
thrombocytopenia are the most common hematological disorders found in HIV patients3.
These disorders are the second leading cause of morbidity and mortality in HIV patients.
Recent studies have shown that HIV can affect almost all blood cell lineages, with 63% of
HIV patients experiencing one or more types of cytopenia. Anemia is the most commonly
reported disorder, but leukopenia, neutropenia, lymphopenia, and thrombocytopenia are also
common>®®.

The mechanism of these hematological disorders is complex and multifactorial. HIV
infects multipotent hematopoietic progenitor cells, forming a latent cellular reservoir,
disrupting the bone marrow environment, and causing immune deregulation”. Recent
reports indicate that thrombocytopenia is the second most common hematological
complication in HIV patients, with a prevalence of around 3% to 40%, and can occur at
various stages of infection®. In addition, leukopenia is also common, especially in patients
with advanced stages, where neutropenia is the most common finding in 10-30% of
patients?©,

On the other hand, the use of antiretroviral drugs can also cause continued
hematopoietic suppression and trigger various hematological disorders''. HAART therapy is
known to be associated with a number of serious hematological side effects that can limit the
benefits of this treatment!?. Research conducted by Lestari (2016) showed a relationship
between the duration of ARV use and hemoglobin levels in HIV/AIDS patients. The results
of this study indicate that the longer the use of ARVs, the greater the effect on hemoglobin
levels, which can cause a decrease in hemoglobin levels?3,

HIV patients undergoing ARV therapy need to undergo routine hematological profile
examinations at least every three or six months to monitor side effects and ensure the safety
and effectiveness of therapy!“. In contrast to Lestari's (2016) study, which only examined the
relationship between the duration of ARV use and hemoglobin levels, this study analyzed
five hematological parameters, namely hemoglobin, hematocrit, erythrocytes, leukocytes,
and platelets. In addition, this study was conducted at the Buntok Health Center UPT, Central
Kalimantan, which previously had not received much attention in similar studies. Therefore,
this study aims to determine the relationship between the duration of antiretroviral (ARV)
therapy and hematological profiles in HIV patients at the Buntok Health Center UPT. The
results of this study are expected to provide empirical evidence regarding the pattern of
hematological changes in patients with long-term therapy and highlight the importance of
regular hematological monitoring, especially for patients with a duration of therapy of more
than 24 months.

MATERIALS AND METHODS

This research is a type of analytic survey with a cross-sectional design. It was
conducted at the Voluntary Counselling and Testing (VCT) Poly and Laboratory of Buntok
health center from July to August 2024. The sample was comprised of 29 HIV patients
undergoing Antiretroviral (ARV) therapy at Buntok health center. The sampling technique
used was total sampling.

The independent variable was the duration of ARV therapy, which was categorized
into three categories: less than 12 months, 12 to 24 months, and more than 24 months. The
dependent variable was the hematological profile of HIV patients, including hemoglobin,
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hematocrit, erythrocyte count, leukocyte count, and platelet count.

This study used instruments in the form of medical records that included patient data,
such as initial name, age, gender, and duration of ARV therapy. In addition, tools such as a
tourniquet, alcohol swab, 22G flashback needle, K2 EDTA vacutainer tube (3 ml), and
hematology analyzer (ZENIX-144) were used. Venous blood samples of as much as 3 ml
were taken from HIV patients who met the study criteria, which were then analyzed to obtain
hematological profile data. The data used in the study consisted of primary data and
secondary data. Primary data were obtained from the results of hematological profile
examinations and questionnaires. In contrast, secondary data came from the HIV/AIDS
Information System (SIHA) and medical records to determine the number of patients and
duration of ARV therapy.

The hematology profile examination procedure was performed using a hematology
analyzer (ZENIX-144). The steps included setting the device to whole blood mode,
homogenizing the blood sample, and aspirating the sample using the device. Results
included hemoglobin, hematocrit, erythrocyte, leukocyte, and platelet counts. The normal
value for hemoglobin in men is 13.0 g/dl and in women 12.0 g/dl. Normal hematocrit in men
is in the range of 40-54% and in women 36-46%. The normal erythrocyte count in men is 4.6-
6.0 million/ul, while in women it is 4.0-5.0 million/ul. The normal leukocyte count in men and
women is 4,500-10,000 cells/mm3, while the normal platelet count for both ranges from
150,000-400,000/mms.

The data collected in this study were analyzed using computer applications and the
Spearman correlation test. This analysis aims to determine the relationship between the
duration of ARV therapy and the hematological profile of HIV patients Buntok health center.
The research ethics commission of the Poltekkes Kemenkes Banjarmasin approved this
research with certificate number 729/KEPK-PKB/2024.

RESULTS AND DISCUSSION

In this study, 29 patients, namely HIV patients undergoing Antiretroviral (ARV) therapy
at Buntok health center, were included. Blood samples of HIV patients were taken for
Hematology Profile examination, and HIV patients were also asked to fill out questionnaires
that researchers provided as additional data. The following research results are presented in
Table 1.

Table 2. The results of the analysis of the characteristics of HIV patients at Buntok
health center based on gender, the majority of HIV patients in this study were 20 men
(69.0%), adult age as many as 27 people (93.1%). The majority of the last education in this
study was SMA 17 people (58.6%). Based on the length of therapy in this study, patients
more than 24 months of treatment, as many as 12 people (41.0%), and the type of ARV
consumed by HIV patients in this study who consumed TLE as many as 15 people (52.0%).

Table 2. shows the results of the research questionnaire of HIV patients at Buntok
health center who had side effects from taking ARVs as much as 62.0%, routinely took
medicine 93.0%, took medicine at the same time 69.0%, did not have a history of comorbid
diseases 93.0%, smoking habits 66.0%, never had a complete blood test 96.5%, did not often
consume foods containing iron 76.0%, felt that the condition improved after ARV therapy
83.0%, rarely exercised 97.0%, sleep duration at night 4-5 hours 44.83% and HIV patients
never felt excessive anxiety 93.0%.
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Table 1. Characteristics of HIV Patients at Buntok Health Center

Variables Frequency Percentage
Gender

Male 20 69,0
Female 9 31,0
Age

Adults 27 93,1
Children 2 6,9
Education

Elementary school 5 17,0
High school 17 58,6
Diploma 1 3,4
Bachelor 6 21,0
Duration of Therapy

< 12 Months 6 21,0
12-24 Months 11 38,0
>24 Months 12 41,0
ARV Type

TLE (Tenofovir, 15 52,0
Lamivudine,

Efavirenz).

TLD (Tenofovir, 12 41,0
Lamivudine,

Dolutegravir).

Zidovudin, 2 7,0
Lamivudin,

Evafirenz.

Table 3 shows the mean length of ARV therapy for HIV patients at Buntok health
center is 2.24 years with a standard deviation of 0.739 and a range of 1-3 years. The mean
hemoglobin was 12.317 gr/dl with a standard deviation of 1.6454 and a range of 9.5-15.7
gr/dl. The mean hematocrit was 34.903%, with a standard deviation of 7.8017 and a range
of 24.7-50.8%. The mean erythrocyte count was 4.3697 million/pl with a standard deviation
of 0.85116 and a range of 2.81-6.41 million/ul. The mean leukocyte count was 5.74862
thousand/mms3 with a standard deviation of 1.633176 and a range of 2,760-8,240/mm3.
Meanwhile, the mean platelet count reached 228,931.03/mm? with a standard deviation of
58,730.578 and a range of 145,000-383,000/mms.

The results of the hematological profile of HIV patients based on the length of ARV
therapy in Table 4 show that on therapy <12 months, all patients (100%) have normal
hemoglobin, hematocrit, erythrocyte, leukocyte, and platelet levels. At 12-24 months of
therapy, decreased hemoglobin, hematocrit, and erythrocyte levels were found in 7 people
(58%), while 5 people (42%) remained normal. For leukocyte count, 9 people (75%) were
normal, while 3 people (25%) were abnormal.
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Variables Frequency Percentage
Side effects of ARVs
Yes 18 62,0
No 11 38,0
Routinely take medicine
Yes 27 93,0
No 2 7,0
Take medicine at the same time
Yes 20 69,0
No 9 31,0
History of other diseases (comorbidities)
Diabetes mellitus 1 3,5
Hypertension 0 0,0
Hepatitis B or C 1 3,5
No disease 27 93,0
Smoking habit
smoking 19 66,0
No smoking 10 34,0
Complete blood test
Ever 1 3,5
No 28 96,5
Eat foods that contain iron
Often 7 24,0
Not often 22 76,0
Condition improves after ARV therapy
Yes, very good 3 10,0
Yes, improving 24 83,0
No change 2 7,0
Worsening 0 0,0
Exercise routine
Every day 0 0,0
4-6 times a week 0 0,0
1-3 times a week 1 3,0
Rarely 28 97,0
Night sleep duration
8 hours 1 3,45
6-8 hours 12 41,38
4-5 hours 13 44,83
< 4 hours 3 10,34
Ever felt overly anxious
Ever 2 7,0
No 27 93,0
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Decreased platelet count was found in 7 people (58%), while 5 people (42%) were
normal. At >24 months of therapy, all patients had decreased hemoglobin, hematocrit,
and erythrocyte levels (100%). Decreased leukocyte counts were found in 7 people
(58%), while 5 people (42%) remained normal. Decreased platelet counts were found
in 8 people (67%), while 4 people (33%) were normal. This data shows a decrease in
hematological profile as the length of ARV therapy increases.

Table 3. Descriptive Research Results

Inspection Total Minimal Maximum Average Standard
deviation

Length of 29 1 3 2.24 0.739
therapy
(months)
Hemoglobin 29 9.5 15.7 12.317 1.6454
(g/dl)
Hematocrit (%) 29 24.7 50.8 34.903 7.8017
Erythrocyte 29 2.81 6.41 4.3697 0.85116
count
Leukocyte count 29 2.760 8.240 5.74862 1.633176
Platelet count 29 145.000 383.000 228.93103 58.730578

Table 4. Hematology Profile Results with Length of Therapy
Hematology Profile Value Number of Respondents with Length of

Therapy
<12 months 12-24 >24 months
months
Hemoglobin Level  Normal 5 (100%) 5 (42%) 0
Decreased 0 7 (58%) 12 (100%)
Total 5 (100%) 12 (100%) 12 (100%)
Hematocrit Level Normal 5 (100%) 5 (42%) 0
Decreased 0 7 (58%) 12 (100%)
Total 5 (100%) 12 (100%) 12 (100%)
Erythrocyte Count  Normal 5 (100%) 5 (42%) 0
Decreased 0 7 (58%) 12 (100%)
Total 5 (100%) 12 (100%) 12 (100%)
Leukocyte Count Normal 5 (100%) 9 (75%) 5 (42%)
Decreased 0 3 (25%) 7 (58%)
Total 5 (100%) 12 (100%) 12 (100%)
Platelet Count Normal 5 (100%) 5 (42%) 4 (33%)
Decreased 0 7 (58%) 8 (67%)
Total 5 (100%) 12 (100%) 12 (100%)
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Table 5. Correlation of ARV Therapy Duration with Various Blood Parameters

Spearman correlation test Correlation P value
coefficient (sig. 2 tailed)

Duration of ARV therapy with -0,510 0,005
hemoglobin
Duration of ARV therapy with -0,569 0,001
hematocrit
Duration of ARV therapy with -0,614 0,000
erythrocyte counts
Duration of ARV therapy with -0,350 0,063
lecocyte counts
Duration of ARV therapy with - 0,421 0,023

platelet count

The data in Table 5 explains the results of the analysis of the relationship between
the duration of ARV therapy and various blood parameters. The Spearman test shows
that there is a significant relationship between the duration of ARV therapy and
hemoglobin levels (p = 0.005), with a correlation coefficient of -0.510 at a moderate level.
This negative correlation indicates that the longer the ARV therapy, the lower the
hemoglobin levels. A similar relationship was found in hematocrit levels, with a
significance value of 0.001 and a correlation coefficient of -0.569 at a moderate level,
which means that the longer the ARV therapy, the hematocrit levels also decrease. In
addition, there is a significant relationship between the duration of ARV therapy and the
number of erythrocytes, with a significance value of 0.000 and a correlation coefficient of
-0.614 at a strong level, which indicates that the longer the therapy, the lower the number
of erythrocytes. However, no significant relationship was found between the duration of
ARV therapy and the number of leukocytes, with a significance value of 0.063 and a
correlation coefficient of -0.350 at a weak level, although there was a tendency for a
decrease in the number of leukocytes. Meanwhile, a significant relationship was found
between the duration of ARV therapy and platelet count, with a significance value of 0.023
and a correlation coefficient of -0.421 at a moderate level, indicating that the longer the
therapy, the platelet count tends to decrease.

Table 5. Correlation Strength (r. value)

Value of r Interpretation
0,00-0,199 Very Weak
0,20-0,399 Weak
0,40-0,599 Medium
0,60-0,799 Strong
0,80-1,000 Very Strong

The results of this study indicate a significant relationship between the duration of
ARV therapy and hemoglobin, hematocrit, erythrocyte, and platelet levels. However, no
significant relationship was found between the duration of ARV therapy and the number
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of leukocytes. The correlation found was negative, indicating that the longer the ARV
therapy, the more certain hematological parameters decreased.

These results are in line with Duguma's findings, which showed that the prevalence
of anemia, leukopenia, and thrombocytopenia was higher before the start of ARV
treatment®®. However, anemia and thrombocytopenia decreased after treatment began.
This can be explained by the mechanism of action of ARV which suppresses HIV
replication, thereby reducing the destructive effects of the virus on the hematopoietic
system. However, the side effects of ARV therapy, especially from regimens containing
Zidovudine (ZDV), are known to cause anemia due to myelotoxicity by inhibiting the
differentiation of erythroid precursor cells in the bone marrow, which ultimately reduces
red blood cell production'®-17,

In addition to ARV therapy factors, other factors such as HIV enteropathy and
intestinal bacterial or viral infections can also affect the hematological profile of patients.
HIV enteropathy and other infections can interfere with nutrient absorption through
malabsorption mechanisms, which ultimately lead to deficiencies of essential
micronutrients for hematopoiesis (18. Intestinal parasite (IP) infestation can also activate
this condition by damaging the intestinal mucosal membrane and causing gastrointestinal
bleeding and malnutrition due to nutrient competition between the host and the parasite®.

Gudina et al. (2024) study also supports these findings, showing that Dolutegravir
(DTG)-based therapy for three months can significantly increase the number of white
blood cells (WBC), red blood cells (RBC), hemoglobin (Hb), CD4 count, and percentage
of lymphocytes and neutrophils (P<0.05). However, several hematological parameters,
such as red blood cell distribution width (RDW) and mean corpuscular hemoglobin
(MCH), decreased after treatment (P<0.05). In addition, this study also revealed that
anemia (12.1%) was the most common hematological disorder after the administration of
new Highly Active Antiretroviral Therapy (HAART), followed by leukopenia (11.3%),
neutropenia (6%), and thrombocytopenia (4%). Anemia in HIV patients undergoing ARV
therapy was more common in women, with a significant odds ratio (AOR = 7.8, 95% CI:
1.9-32.2, P <0.005)%.

Compared with this study, the results of a study at the Buntok Health Center UPT
showed a decrease in hemoglobin, hematocrit, erythrocyte, and platelet levels in HIV
patients with ARV therapy for more than 24 months. This may occur due to the cumulative
effect of long-term treatment, in contrast to the study by Gudina et al. (2024), which began
hematological changes in only three months of therapy. This finding is also supported by
other studies showing a decrease in the number of erythrocytes after ARV therapy in HIV
patients?%21,

This study also shows that respondents who were the study samples used an ARV
regimen containing Zidovudine (ZDV) and Dolutegravir (DTG), similar to that used in
previous studies. Therefore, the results of this study can be confirmed with the findings
of previous studies showing that the use of Zidovudine can cause myelotoxicity and
anemia due to suppression of erythrocyte production. At the same time, Dolutegravir is
associated with changes in certain hematological parameters, including effects on the
number of leukocytes and platelets.

In the context of this study, most patients who underwent therapy for more than 24
months experienced decreased hemoglobin, hematocrit, erythrocyte, and platelet levels.
This indicates that regular hematological monitoring is very important to detect early side
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effects of ARV therapy and prevent further complications. These findings support the
recommendation that HIV patients undergoing ARV therapy require routine hematological
profile examinations at least every three to six months to ensure the effectiveness of
therapy and minimize adverse side effects#.

The advantage of this study is its approach that uses primary data from laboratory
examinations so that the results obtained are more objective and accurate compared to
studies that only use secondary data or interviews. In addition, this study includes several
hematological parameters that provide a broader picture of the impact of ARV therapy on
the condition of HIV patients. However, this study also has limitations, one of which is the
relatively small number of samples, so the results may not be generalizable to a wider
population. In addition, this study uses a cross-sectional design that only describes the
relationship between variables at one point in time, so it cannot show changes
longitudinally. Based on these findings, this study provides implicative suggestions that
can be applied in clinical practice, namely the need for regular hematological monitoring
for HIV patients undergoing long-term ARV therapy in order to detect early hematological
changes that are at risk of causing complications. In addition, there needs to be better
nutritional intervention for patients to reduce the risk of anemia and other hematological
disorders, as well as education for patients about the importance of therapy compliance
and a healthy lifestyle to minimize the side effects of ARVS.

CONCLUSION

This study shows the relationship between the length of Antiretroviral (ARV)
therapy with hematological profile in HIV patients at Buntok health center. Of the 29
patients, the length of therapy was divided into <12 months (21%), 12-24 months (38%),
and >24 months (41%) with an average therapy of 2 years and 2 months. Most patients
had abnormal hemoglobin, hematocrit, and erythrocyte levels (65.5%), while leukocyte
counts were abnormal in 34.5% of patients, and platelet counts were almost balanced
between normal (48%) and abnormal (52%). Spearman test showed a significant
association between the duration of ARV therapy with hemoglobin, hematocrit,
erythrocytes, and platelets, but no significant association was found with the number of
leukocytes. We recommend a longer study to evaluate the long-term impact of ARV
therapy on hematological profiles.

ACKNOWLEDGEMENT
The author would like to thank those who have helped carry out this research.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

1. Global Health Observatory (GHO) data. WHO | HIV/AIDS. WHO. 2020;1-14

2.  UNAIDS. Global HIV and AIDS statistics 2020 Fact sheet. Glob HIV AIDS statistics,
World AIDS day 2020 Fact Sheet. 2020;1: 1-6.

3.  Saha D, Kini JR, Subramaniam R. A study of the hematological profile of human
immunodeficiency virus positive patients in coastal South Indian Region. J Med Sci.
2015;35(5):190-3.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Page |23

Fekene TE, Juhar LH, Mengesha CH, Worku DK. Prevalence of cytopenias in both
HAART and HAART naive HIV infected adult patients in Ethiopia: A cross sectional
study. BMC Hematol .2018; 18(1):1-11.

Katemba C, Muzoora C, Muwanguzi E, Mwambi B, Atuhairwe C, Taremwa IMM.
Hematological abnormalities in HIV-antiretroviral therapy naive clients as seen at an
immune suppression syndrome clinic at Mbarara regional referral hospital,
southwestern Uganda. J Blood Med. 2018;9.

Ebonyi AO, Oguche S, Ochoga MO, Agbaji OO, Anejo-Okopi JA, Abah I10. Changes
in the haematological parameters of HIV-1 infected children at 6 and 12 months of
antiretroviral therapy in a large clinic cohort, North-Central Nigeria. BMC Hematol.
2017

Kumar MB, Thippeswamy T, Shankar R, Prathima C. Hematological Abnormalities
in Early and Advanced HIV Infection Patients. Int J Sci Study. 2016;3(11):1-5.
Vishnu P, Aboulafia DM. Haematological manifestations of human immune
deficiency virus infection. Br J Haematol. 2015;171(5):695-7009.

Raadsen M, du Toit J, Langerak T, van Bussel B, van Gorp E, Goeijenbier M.
Thrombocytopenia in virus infections. J Clin Med. 2021;10(4):1-33.

Bhardwaj S, Almaeen A, Ahmed Wani F, Thirunavukkarasu A. Hematologic
derangements in HIV/AIDS patients and their relationship with the CD4 counts: a
cross-sectional study. BMC Hematol. 2020;13(4):756—63.

Vecchiet J, lachininoto MG, Capodimonti S, Nuzzolo ER, Falasca K, Martini M.
Effect of antiviral therapy on pro-angiogenic hematopoietic and endothelial
progenitor cells in HIV-infected people. Thromb Res. 2013;131(3):238—43.

Assefa M, Abegaz WE, Shewamare A, Medhin G, Belay M. Prevalence and
correlates of anemia among HIV infected patients on highly active anti-retroviral
therapy at Zewditu Memorial Hospital, Ethiopia. BMC Hematol. 2015;15(1):2-8.
Lestari I, Windartik E, Wijaya G. Hubungan lama penggunaan obat arv terhadap
kadar hemoglobin pada penderita HIV/AIDS di poli VCT RSUD Prof. Dr. Soekandar
kabupaten Mojokerto. Jurnal Kep. 2016;5(2):73-6

Kementerian Kesehatan Republik Indonesia. Peraturan Menteri Kesehatan Nomor
23 Tahun 2022 tentang Penanggulangan Human Immunodeficiency Virus, Acquired
Immuno-Deficiency Syndrome, dan Infeksi Menular Seksual. Jakarta: Kementerian
Kesehatan Republik Indonesia; 2022. https://peraturan.bpk.go.id/Details/245543/
permenkes-no-23-tahun-2022

Duguma N, Tesfaye Kiya G, Adissu Maleko W, Bimerew LG. Hematological
parameters abnormalities and associated factors in HIV-positive adults before and
after highly active antiretroviral treatment in Goba Referral Hospital, southeast
Ethiopia: A cross-sectional study. SAGE Open Medicine. 2021;9

Marchionatti A, Parisi MM. Anemia and thrombocytopenia in people living with
HIV/AIDS: a narrative literature review. Int Health. 2021; 13(2): 98-1009.

Berhane Y, Haile D, Tolessa T. Anemia in HIV/AIDS Patients on antiretroviral
treatment at Ayder Specialized Hospital, Mekele, Ethiopia: a case-control study. J
Blood Med. 2020; 11: 379-387

Volberding PA, Levine AM, Dieterich D. Anemia in HIV infection: clinical impact and
evidence-based management strategies. Clin Infect Dis. 2004; 38(10): 1454-1463.



19.

20.

21.

Page |24

Gudina A, Wordofa M, Urgessa F. Immuno-hematological parameters among adult
HIV patients before and after initiation of Dolutegravir based antiretroviral therapy,
Addis Ababa, Ethiopia. PLoS One. 2024 Oct 31;19(10): e0310239

Rezaei E, Ebrahim-Saraie HS, Heidari H, Ghane P, Rezaei K, Manochehri J. Impact
of vitamin supplements on HAART related hematological abnormalities in HIV-
infected patients. Med J Islam Repub Iran. 2016.

Damtie S, Workineh L, Kiros T, Eyayu T, Tiruneh T. Hematological abnormalities of
adult hiv-infected patients before and after initiation of highly active antiretroviral
treatment at debre tabor comprehensive specialized hospital, northcentral ethiopia:
A cross-sectional study. HIV/AIDS—BMC Hematol. 2021; 13:477-84.



