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ABSTRACT 

Background: Combination of three antiviral drugs are used to treat adult and adolescent HIV 

infection. These antiretroviral drugs stop an enzyme (reverse transcriptase) that HIV uses to 

replicate itself. By doing this, they stop the infection from spreading. Objectives: the study is 

aimed at evaluating therapeutic drug monitoring on co-formulated 600-mg efavirenz, 300-mg 

tenofovir disoproxil fumarate and 300-mg lamivudine among HIV-positive patients. Methods: A 

Retrospective longitudinal study was carried out from October, 2014 to November, 2015 at 

Madonna Catholic Referral Hospital, Umuahia, Abia State, Nigeria. All volunteer antiretroviral 

therapy (ART)-naïve HIV-infected individual’s age above 18 years who were initiating ART were 

enrolled consecutively and followed for six months. Socio-demographic data such as   gender, 

age, and   occupational status, were recorded using a structured and pre tested questionnaire. 

The samples were run using BD FACSCount analyzer (Becton Dickinson, USA). Results were 

expressed as number of cells/μl. Reference range for CD4+ were taken as 600-1200cells/μl. CD4 

T cells and CD8 T cell counts were enumerated using FACS (Fluorescent Antibody Cell Sorter, 

Becton Dickinson). At baseline, 74 (49.0%) HIV-naïve cohorts had CD4 Count of <200 cells/μl, 

67 (44.4%) had CD4 count of > 200 cells/μl and 10 (6.6%) had CD4 Count of >500 cells/μl. After 

six months of their highly active antiretroviral therapy (HAART), 78 (51.7%) of HIV/AIDS 

patients on HAART had CD4 count of >500 cells/μl followed by 73 (48.3%) of HIV/AIDS patients 

on HAART had CD4 count of > 200 cells/μl (t = -22.794; p = 0.000). Findings showed that the 

cohorts on HAART responded positively with increased in their CD4 count after 6 months of their 

antiretroviral drugs. The study also supports the evidence by World Health Organization 

guideline that recommend a Fixed–Dose Combination ART containing (non)-nucleoside reverse 

transcriptase inhibitors (TDF), Lamivudine (3TC), and efavirenz (EFV) as first-line HIV 

treatment. 
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INTRODUCTION 

Over 30 antiretroviral (ARV) drugs 

with eight functional classes are 

available in U.S today (CDC, 2022). 

These eight classes are 

nucleoside/nucleotide reverse 

transcriptase inhibitors (NRTIs), non-

nucleoside reverse transcriptase 

inhibitors (NNRTIs), protease inhibitors 

(PIs), integrase strand transfer inhibitors 

(INSTIs), a fusion inhibitor, a CCR5 

antagonist, a CD4 T lymphocyte (CD4) 

post-attachment inhibitor, and a gp120 

attachment inhibitor (CDC,2022). 

Furthermore, two drugs, Ritonavir 

(RTV) and Cobicistat (COBI) are used 

as pharmacokinetic (PK) enhancers (or 

boosters) to improve the PK profiles of 

PIs and the INSTI elvitegravir (EVG) 

(CDC, 2022). Initial ARV treatment 

regimen for a person with HIV generally 

consists of two NRTIs, usually 

abacavir/lamivudine (ABC/3TC) or 

either tenofovir 

alafenamide/emtricitabine (TAF/FTC) 

or tenofovir disoproxil 

fumarate/emtricitabine (TDF/FTC), plus 

a drug from one of three drug classes: an 

INSTI, an NNRTI, or a boosted PI 

(CDC, 2022). Numerous studies suggest 

the strategy for initial treatments result to 

drastically reduction   of HIV replication 

and CD4 count increases in most people 

with HIV (Lee et al., 2014; Eshleman et 

al., 2022). Evidence data now support 

the use of the two-drug regimen 

dolutegravir/lamivudine (DTG/3TC) for 

initial treatment of some people with 

HIV (Cahn et al., 2020).  

Efavirenz is known as Sustiva® and it 

is one of the non-nucleoside reverse 

transcriptase inhibitors (NNRTI) and 

also highly active antiretroviral therapy 

(HAART) used for the management of 

human immunodeficiency virus (HIV) 

type 1 (Ren et al., 2002; John, 2007; 

Robertson et al., 2005). It inhibits the 

activity of viral RNA-directed DNA 

polymerase such as reverse transcriptase 

(Michaud et al., 2012).   

Tenofovir disoproxil fumarate is a 

derivative   of tenofovir, a product of 

Gilead Sciences with the trade 

name Viread, belongs to a class of 

antiretroviral drugs known as nucleotide 

analogue reverse transcriptase inhibitors 

(nRTIs). This drug is prescribed in 

combination with other drugs for the 

management of HIV infection as well as 

for Hepatitis B therapy (Gilden, 2001; 

Miller et al., 2001; Uglietti et al., 2012; 

Uma et al., 2011). Tenofovir belongs to 

a class of antiretroviral drugs known as 

nucleotide analog reverse transcriptase 

inhibitors (NtRTIs), which block reverse 

transcriptase, an enzyme necessary for 

viral production in HIV-infected 

individuals (Gazzard, 2001). This 

enables the management of HIV viral 

load through decreased viral replication 

(Thompson, 2002).   

3TC has been studied in children with 

HIV both alone and in combination with 

other ARV drugs. Extensive data have 

demonstrated the safety of 3TC and have 

shown that this drug is associated with 

clinical improvement and virologic 

response. It is commonly used in 

children with HIV as a component of a 

dual nucleoside reverse transcriptase 

inhibitor (NRTI) backbone (Scherpbier 

et al., 2006; Green et al., 2007). Findings 

demonstrate the efficacy of NRTI 

background components, the 

combination of 3TC plus 

abacavir (ABC) was superior to 

zidovudine (ZDV) plus 3TC or ZDV in 

achieving long-term virologic efficacy 

(Green et al., 2007). WHO recommends 

that countries consider a combination of 
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approaches to monitor antiretroviral 

drug toxicity and promote patient safety. 

This includes surveillance of safety in 

pregnancy, as well as active and routine 

toxicity monitoring in all populations, 

including adults, adolescents and 

children (WHO, 2022).  

However, ARTs often recommended 

for HIV/AIDS Patients in Nigeria 

include the combined therapy of 

efavirenz, tenofovir disoproxil fumarate 

and lamivudine. In some cases, the 

combined therapy of Zidovudine (AZT), 

Lamivudine (3TC), Nevirapine (NVP) 

are also used for the management of 

HIV/AIDS patients in Nigeria.  

Furthermore, this study evaluated the   

therapeutic drug monitoring on co-

formulated 600-mg efavirenz, 300-mg 

tenofovir disoproxil fumarate and 300-

mg lamivudine among HIV-positive 

patients with immune suppression 

 

METHODS 

Study Design and Area 

This is a longitudinal study which was 

conducted from October 2014 to 

November, 2015   at Madonna Catholic 

Referral Hospital, Umuahia, Abia State, 

Nigeria that is one of FHI360 sponsored 

ART referral   centers at Umuahia town, 

the capital of Abia state, Nigeria.  

Study Population 

All volunteer ART-naïve HIV-

infected individuals age above 18 years 

who were initiating ART were enrolled 

consecutively and followed for six 

months. During enrolment for ART, 

socio-demographic data such as   gender, 

age, and   occupational status, were 

recorded by ART trained physicians 

using a structured and pre tested 

questionnaire. Participants were asked 

when they were first tested for HIV and 

the reason why they were tested. 

HIV Screening 

HIV screening was done to determine 

the HIV status of the control subjects 

using Determine HIV-1/2 test kit, Uni-

Gold kit (Trinity Biotech) and STAT-

PAK (Chembio Diagnostic System, Inc.) 

The test group were known HIV sero-

positive subjects attending out- patient 

clinic at Madonna Catholic Hospital, 

Umuahia, Abia State, Nigeria. The 

control subjects were screened to 

determine their HIV status using 

immunochromatographic technique. BD 

FACSCount method was used for CD4+ 

count. 

CD4+ t- Cell Count 

The samples were run using BD 

FACSCount analyzer (Becton 

Dickinson, USA). Results were 

expressed as number of cells/μl. 

Reference range for CD4+ were taken as 

600-1200cells/μl. At initiation of ART 

and after 6 months of treatment, 4 ml 

venous blood was collected from each 

participant using K3 EDTA vacutainer 

tube. CD4 T cells and CD8 T cell counts 

were enumerated using FACS 

(Fluorescent Antibody Cell Sorter, 

Becton Dickinson). 

Procedure 

In the laboratory, the venous blood 

samples collected were sent immediately 

and analysed using BD FACSCount 

analyzer. BD FACSCount CD4 reagents 

tube was brought to ambient temperature 

and vortexed upright for 10 seconds 

before it was opened for use. Fifty (50) 

μl of whole blood was added to the CD4 

reagent tube containing CD3/CD4 PE 

monoclonal antibody (Becton 

Dickinson, USA). The tube was 

incubated in the dark for 30 minutes at 

room temperature and 50μl of fixative 

(5% formaldehyde in PBS) was added 

and vortexed before reading on Becton 
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Dickson FACS machine according to 

manufacturer’s instruction using CD4 

Absolute and CD4% count software 

(Beckton, 2008). 

Statistical Analysis 

Data were entered and analyzed using 

SPSS window version 26. Categorical 

variables were calculated using 

mean±standard deviation. Data   also 

tested by paired t-tests and p- values 

<0.05 were statistically significant. 

Ethical Considerations 

Ethical approval was obtained from 

Madonna Catholic Referral Hospital 

Management Board. Informed consent 

was obtained from each study 

participant. 

Quality Control 

To ensure reproducibility and 

precision of CD4 count testing, daily 

quality controls were run for the BD 

FACSCount. The BD FACS count 

machine quality control pack (BD 

Biosciences, San Jose, CA) was 

analyzed by running low, medium and 

high bead count following 

manufacturer’s procedures 

(Beckton,2008). The outcome reading of 

“passed control” indicated the testing 

process was under control such as 

reagents, equipment, personnel and 

standard operation procedures was 

followed before clients’ sample were 

tested. For BD FACSPresto, daily 

quality control was ensured by analyzing 

CD Chex Plus BC low and normal 

control (Streck, Omaha, NE). 

 

RESULTS 

 One hundred and fifty-one patients 

with mean age range of 38±.08 were 

recruited.  At baseline, 74 (49.0%) HIV-

naïve cohorts had CD4 Count of <200 

cells/μl. 67 (44.4%)  had CD4 count of > 

200 cells/μl while 10 (6.6%) had CD4 

Count of >500 cells/μl whereas, after 

6months of  their highly active 

antiretroviral therapy (HAART), 78 

(51.7%)  of HIV/AIDS  patients on 

HAART had CD4 count of  >500 cells/μl 

while, 73 (48.3%) of  HIV/AIDS  

patients on  HAART had CD4 count of 

> 200 cells/μl (t = -22.794; p = 0.000) 

(figure 1). 

At baseline, 43 males (26.5%) and 31 

females (20.5%) accounted for CD4 

count <200 cells/μl, 40 males (26.5%) 

and 27 females (17.9%) had a CD4 count 

> 200 cells/μl while, 5 males (3.3%) and 

5 females (3.3%) had a CD4 count  >500 

cells/μl (figure 2a). After being on 

HAART treatment, 42 males (27.8%) 

and 31 females (20.5%) accounted for 

CD4 count >500 cells/μl (figure 2b). 

At baseline, CD4 counts of <200 

cells/μl was found in 21(13.9%), 12 

(7.9%), 16 (10.6%), 6(4.0%) and 19 

(12.6%) of Artisans, Businessmen, Civil 

servants, Students, and Traders 

respectively. CD4 counts of >200 

cells/μl was found in 18 (11.9%), 

6(4.0%), 10 (6.6%), 13 (8.6%), and 20 

(13.2%) of Artisans, Businessmen, Civil 

servants, Students, and Traders 

respectively (figure 3a).  

CD4 count of >500 cells/μl was found 

in 3 (1.9%), 1 (0.6%), 2 (1.3%), 3 (1.9%) 

and 1 (0.6%) of Artisans, Businessmen, 

Civil servants, Students, and Traders 

respectively. CD4 count of >500 cells/μl 

was found in 22(14.6%), 7 (4.6%), 

12(7.9%), 16 (10.6%) and 21 (13.9%) of 

Artisans, Businessmen, Civil servants, 

Students, and Traders respectively 

(figure 3b). 

 

Oshim et al. Therapeutic Drug Monitoring Study 



53 

 

 
Fig. 1: CD4 count on baseline and 1st quarter of HAART 

         
Fig. 2a: CD4 Count on Naive HIV/AIDS    Fig. 2b: CD4 Count on HAART HIV/AIDS 
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Fig. 3a: CD4 Count on Naive HIV/AIDS Fig. 3b: CD4 Count on HAART HIV/AIDS 

 

DISCUSSION 

In this study, all the HAART cohorts   

with mean age range of 38±.08 

responded positively to their 

medications. The majority of the 

participants were in their active young 

age and the increased in their CD4 count 

were age dependent. The literature's 

assertion that immune function declines 

with age is supported by this data 

(Tegegne, 2021). Previous studies have 

shown that patients above the age of 40 

had decreased rates of CD4 growth over 

the course of the cohort, which is linked 

to poor HAART adherence (Alok et al., 

2014).  Findings indicate that   patient 

age is closely connected to retention in 

antiretroviral drug adherence (Tegegne, 

2021). Similar studies show that age and 

medication retention are therefore 

inversely connected, although the 

dependent variable (HAART adherence 

competency) and medication retention 

are positively correlated (Tegegne, 

2021). Age and HAART adherence, 

competence are significantly correlated, 

according to recent studies (Tegegne, 

2021). So, as a patient's age increased, 

their ability to adhere to HAART 

reduced (Adams and Luguterah, 2013).  

The counting of CD4+ T-cells (CD4) 

is a reliable indicator of the development 

of AIDS and a way to monitor antiviral 

medication (ART) (Badri et al., 2008). It 

would be possible to gain insight into 

how patients respond to treatment and 

how successful treatment is over time by 

understanding how CD4+ cell counts 

fluctuate over time (Badri et al., 2008). 

This study clearly demonstrated the 

value of early treatment. A patient's 

current CD4+ cell count after starting 

ART was demonstrated to be highly 

influenced by their initial CD4+ cell 

count. An improved rate of recovery for 

patients receiving ART would be the 

outcome of a larger baseline CD4+ cell 

count. This supports the findings   of 

Kulkarni et al. (2011) and Viviane et al. 

(2009).  
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Women had a higher CD4 cell 

response than males did among 

antiretroviral-naive patients who 

suffered virus suppression after 

following HAART for six months, even 

after controlling for baseline CD4 cell 

count and virus load. Women are more 

likely than men to experience 

nevirapine-related rash (Antinori et al., 

2001), and nucleoside analogue-related 

pancreatitis (Bersoff-matcha et al., 

2001). 

These higher risks could be explained 

by gender-specific pharmacokinetic 

variations depending on various mean 

body mass indices, nutritional statuses, 

or other variables. Because of 

pharmacokinetic differences, women 

might have had higher antiretroviral 

medication concentrations, which 

resulted in greater levels of virus 

suppression and a larger rise in CD4 cell 

count.   

This study is supported by data from 

numerous studies (Staszewski et al., 

1999; Bennett et al., 2002) that show a 

higher CD4 cell response in individuals 

who respond to therapy more 

virologically. The clinic does not 

measure patient heights or drug levels, so 

data to test this hypothesis were not 

available. In general, regardless of 

whether they are HIV-positive or not, 

women have greater CD4 cell counts 

than men (Prin et al., 1999; Maini et al., 

1996). 

Based on the differences in CD4 cell 

response seen in the current study, 

women appear to more quickly replenish 

their peripheral CD4 cells after viral 

suppression than do males. In response 

to declines in viral load brought on by 

HAART, women might have greater 

peripheral redistribution of memory 

CD4 cells from lymphoid tissue.   

Another hypothesis is that women may 

produce more thymic production of 

naive CD4 cells in response to HAART 

than males do (Pido-lopez et al., 2001), 

which is a crucial factor in later rises in 

CD4 count. However, women can 

progress at higher CD4 cell counts than 

men, and it is difficult to predict who will 

achieve viral suppression and who will 

not. Only larger studies with clinical 

endpoints could determine whether 

women are safely able to withhold 

antiretroviral therapy until they achieve 

lower CD4 cell counts than men. 

The high CD4 count at baseline was 

observed among artisan and student 

followed by civil servant and the least 

was found in businessmen and trader. 

Also, the high CD4 count on HAART 

patients was observed among artisan 

followed by trader and the least was 

found in businessmen. However, there is 

no association existed between CD4 

count and occupational status of the 

participants. Furthermore, the previous 

studies report that the association 

between occupational status and 

HIV/AIDS patients with opportunistic 

infections was high in artisan when 

compared with other occupational status 

(Urama et al., 2018). This is a clear 

indication that CD4 count as low as <200 

cells/μl would predispose HIV/AIDS 

individuals to opportunistic infections. 

 

CONCLUSION 

The result showed that those in 

HAART cohorts using their 

antiretroviral drugs responded 

significantly to the treatments at 6 

months. The study also becomes 

supportive evidence as World Health 

Organization guidelines recommend 

BIU Journal of Basic and Applied Sciences Vol. 8 no. 1 (2023) 
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fixed-dose combination ART containing 

(non)nucleoside reverse transcriptase 

inhibitors (TDF), lamivudine (3TC) and 

efavirenz (EFV) as first-line therapy for 

the management of HIV/AIDS patients. 

 

REFERENCES 

Adams, M. and Luguterah, A. (2013). 

Longitudinal analysis of change in 

CD4+ cell counts of HIV–1 

patients on antiretroviral therapy 

(ART) in the Builsa district 

hospital. Eureopean Science 

Journal, 9(33): 23-25.  

Alok, R., Das, S. K. and Agarwal, G. G 

(2014). Problem-focused coping 

and self-efficacy as correlates of 

quality of life and severity of 

fibromyalgia in primary 

fibromyalgia patients. Journal 

Clinical Rheumatology, 20(6): 

314–316.  

Antinori, A., Baldini, F. and Girardi, E. 

(2001). Female sex and the use of 

anti-allergic agent increase the risk 

of developing cutaneous rash 

associated with nevirapine 

therapy, AIDS, 15: 1579-1581. 

Badri, M., Lawn, S. D. and Wood. R. 

(2008). Utility of CD4 cell counts 

for early prediction of virological 

failure during antiretroviral 

therapy in a resource-limited 

setting. BMC Infectious Disease, 

8: 89. 

Beckton, D. (2008). FACSCount Sytem 

User's Guide for Use with BD 

FACSCount Reagents. 59–78.  

Bennett, K. K., DeGruttola, V. G., 

Marschner, I. C., Havlir, D. V. and 

Richman, D. D. (2002). Baseline 

predictors of CD4 T-lymphocyte 

recovery with combination 

antiretroviral therapy, Journal 

Acquired Immune Deficiency 

Syndrome, 31:20-26. 

Bersoff-Matcha, S. J., Miller, W. C. and 

Aberg, J. A. (2001). Sex 

differences in nevirapine rash, 

Clinical Infection Diseases, 32: 

124-129. 

Cahn, P., Madero, J. S. and Arribas, J. R. 

(2020). Durable efficacy of 

dolutegravir plus lamivudine in 

antiretroviral treatment-naive 

adults with HIV-1 infection: 96-

week results from the GEMINI-1 

and GEMINI-2 randomized 

clinical trials. Journal Acquired 

Immune Deficiency Syndrome 83, 

(3): 310-318. 

Centre Diseases Control (CDC, 2022). 

Guidelines for the Use of 

Antiretroviral Agents in Adults 

and Adolescents with HIV 

https://clinicalinfo.hiv.gov/en/gui

delines/hiv-clinical-guidelines-

adult-and-adolescent-arv/what-

start-initial-combination-regimens 

Eshleman, S. H., Fogel, J. M. and 

Piwowar-Manning, E. (2022). 

Characterization of human 

immunodeficiency virus (HIV) 

infections in women who received 

injectable cabotegravir or 

tenofovir disoproxil 

fumarate/emtricitabine for HIV 

prevention HPTN 084. Journal 

Infection Diseases, 225(10): 1741-

1749.  

Gazzard, B. G. (2001). The potential 

place of tenofovir in antiretroviral 

treatment regimens. International 

Journal Clinical Practice, 55(10): 

704-709.  

Gilden, D. (2001). Tenofovir: Gilead 

applies for approval; expanded 

Oshim et al. Therapeutic Drug Monitoring Study 



57 

 

access liberalized. AIDS Treat 

News, 364: 2-3. 

Green, H., Gibb, D. M. and Walker, A. S 

(2007). Lamivudine/abacavir 

maintains virological superiority 

over zidovudine/lamivudine and 

zidovudine/abacavir beyond 5 

years in children. AIDS, 21(8): 

947-955. 

John, D. (2007). "Amorphous efavirenz 

and the production thereof." U.S. 

Patent US20070026073. 

Lee, F. J., Amin, J. and Carr, A. (2014). 

Efficacy of initial antiretroviral 

therapy for HIV-1 infection in 

adults: a systematic review and 

meta-analysis of 114 studies with 

up to 144 weeks with up to 144 

weeks’ follow-up. PLoS One, 9(5): 

e97482. 

Maini, M. K., Gilson, R. J. and Chavda, 

N. (1996). Reference ranges and 

sources of variability of CD4 

counts in HIV-seronegative 

women and men. Genitourinary 

Medicine, 72: 27-31. 

Michaud, V., Ogburn, E., Thong, N., 

Aregbe, A. O., Quigg, T. C., 

Flockhart, D. A. and Desta, Z. 

(2012). Induction of CYP2C19 

and CYP3A activity following 

repeated administration of 

efavirenz in healthy volunteers. 

Clinical Pharmacology Therapy. 

91(3):475-482.   

Miller, M. D., Margot, N. A., Hertogs, 

K., Larder, B. and Miller, V. 

(2001). Antiviral activity of 

tenofovir (PMPA) against 

nucleoside-resistant clinical HIV 

samples. Nucleotides Nucleic 

Acids, 20(4-7): 1025-1028.  

Pido-Lopez, J., Imami, N. and Aspinall, 

R. (2001). Both age and gender 

affect thymic out put more recent 

thymic migrants in females than 

males as they age. Clinical 

Experiment Immunology, 125: 

409-413. 

Prins, M., Robertson, J. R. and Brettle, 

R. P. (1999). Do gender 

differences in CD4 Cell counts 

matter AIDS, 13: 2361-2364. 

Ren, J., Bird, L. E., Chamberlain, P. P., 

Stewart-Jones, G. B., Stuart, D. I. 

and Stammers, D. K. (2002). 

Structure of HIV-2 reverse 

transcriptase at 2.35-A resolution 

and the mechanism of resistance to 

non-nucleoside inhibitors. Proc 

Natl Acad Sci U S A. 29(22): 

14410-14415. 

Robertson, S. M., Penzak, S. R., Lane, J., 

Pau, A. K. and Mican, J. M. 

(2005). A potentially significant 

interaction between efavirenz and 

phenytoin: a case report and 

review of the literature. Clinical 

Infection Disease. 41(2): e15-18. 

Scherpbier, H. J., Bekker, V., van Leth, 

F., Jurriaans, S., Lange, J.M. and 

Kuijpers, T. W (2006). Long-term 

experience with combination 

antiretroviral therapy that contains 

nelfinavir for up to 7 years in a 

pediatric cohort. Pediatrics, 

117(3): e528-536. 

Staszewski, S, Miller, V. and Sabin, C. 

(1999). Determinants of 

sustainable CD4 lymphocyte count 

Increases in response to 

antiretroviral therapy, AIDS, 13: 

951-956. 

Tegegne, A. S. (2021). Socio-

Demographic, Economic and 

Clinical Predictors for HAART 

Adherence Competence in HIV-

Positive Adults at Felege Hiwot 

BIU Journal of Basic and Applied Sciences Vol. 8 no. 1 (2023) 



58 

 

Teaching and Specialized 

Hospital, North West Ethiopia.   

HIV AIDS (Auckl). 13: 749-758. 

PMC8277417 

Thompson, C. A. (2002). Prodrug of 

tenofovir diphosphate approved 

for combination HIV 

therapy.American Journal Health 

System Pharmacy, 59(1): 18.  

Uglietti, A., Zanaboni, D., Gnarini, M. 

and Maserati, R. (2012). 

Emtricitabine/tenofovir in the 

treatment of HIV infection: current 

PK/PD evaluation. Expert Opin 

Drug Metab Toxicol., 8(10): 1305-

1314.  

Uma, M. R. V., Siva, R. P. V. and Raja, 

B. B. (2011). "Process for the 

preparation of Tenofovir." U.S. 

Patent US08049009. 

Urama, E. U., Enweani, I. B., Oshim, I. 

O., Nwolisa, B. C. and John, G. U. 

(2018). Microbiological profile of 

Respiratory Tract Infections 

among HIV sero-positive subjects 

Attending Nnamdi Azikiwe 

University Teaching Hospital, 

Nnewi, Nigeria. American Journal 

of Medicine and Medical Science, 

8(3): 37-42. 

World Health Organization (WHO, 

2022). Webinar on toxicity 

monitoring approaches for new 

antiretrovirals: strengthening 

country planning and 

implementation 2022 and 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oshim et al. Therapeutic Drug Monitoring Study 


