CERTIFICATE OF APPROVAL
The University of Zambia approves this dissertation by Mr Freeman W. Chabala in partial

fulfilment for the requirements for the award of the degree of Master of Science in Biochemistry.

Examiner’s Signature Date

Examiner 11

Head of Department

SIGNALUNE.....oviiiiiie e Date......ooeiiieiece e



CERTIFICATE OF COMPLETION OF DISSERTATION
I, Freeman W. Chabala, do hereby certify that this dissertation is the product of my own work

and in submitting it for my Master of Science in Biochemistry programme, further attest that it

has not been submitted to another University in part or whole for the award of any programme.

SIGNALUIE.....oiiiiiee e Date.....coieiieeiee e

I, Dr S. Nyirenda, having supervised and read this dissertation is satisfied that this is the original
work of the author under whose name it is being presented. | confirm that the work has been

completed satisfactorily and is ready for presentation to the examiners.

Supervisor: Dr S. Nyirenda

Head of Department

SIgNAtUre......ceviiieeec e, DALE...c.eieeceeie e

Department of Physiological Sciences, School of Medicine, University of Zambia



DECLARATION
This dissertation is the original work of MR. FREEMAN W. CHABALA. It has been done in

accordance with the guidelines for MSc. Biochemistry dissertations for the University of

Zambia. It has not been submitted elsewhere for a degree at this or another University.

SIGNALUIE....coiiieiecie e Date.....ooiiiie
Mr. Freeman W. Chabala

(Candidate)

Supervisor:
| have read this dissertation and approved it for examination

Dr S. Nyirenda

SIgnature.......cccoeveveeiecee e Date....ceecvececeeceece e

Department of Physiological Sciences, School of Medicine, University of Zambia



ABSTRACT

Studies have suggested that Sub-Sahara Africans are prone to HIV-related renal dysfunction. A
study done in Zambia showed increased deaths among HIV/AIDS patients who had renal
dysfunction. Tenofovir Disoproxil Fumarate (TDF) one of the first line antiretroviral drugs in
Zambia, has been associated with renal tubulopathy and nephrotoxicity in many studies. In
Zambia, TDF has been in use since 2007. This study was set out to determine whether TDF had
similar Nephrotoxic effects in patients receiving TDF- based regimen at the largest Antiretroviral
Therapy (ART) Centre in Lusaka. It aimed at determining the likelihood of patients with no renal
dysfunction (CL¢ method) at initiation of therapy developing renal dysfunction after 1 year of
treatment with TDF- based regimen compared to those on non- TDF- based regimen (these
patients were either on Stavudine (D4T)- based regimen or Zidovudine (AZT)- based regimen).

An analytical cross- sectional study involved analysis of data obtained from 549 randomly
selected HIV/AIDS patient files that were started on ART between September, 2007 and
January, 2013. Out of the 549 patients, 275 patients were on TDF- based regimen and 274
patients were on non- TDF- based regimen.

Findings showed a significantly larger number of participants on TDF developing renal
dysfunction from having no renal dysfunction at baseline compared to those on non- TDF- based
regimen; 51 out of 180 verses 8 out of 207, P< 0.001. Upon controlling for age and sex, logistic
regression model showed that HIVV/AIDS patients on TDF- based regimen were 8.77 times more
likely to develop renal dysfunction after one year of therapy from having no renal dysfunction at

baseline compared to those on non- TDF- based regimen.

It was concluded that treatment with TDF- based regimen was strongly associated with
developing renal dysfunction after 1 year of treatment compared to non TDF- based regimen.
There is need for follow up of patients on TDF- based regimen or therapy modification to reduce
cases of renal dysfunction in patients on treatment thereby allowing them benefit fully by the

treatment.



DEDICATION
This dissertation is dedicated to my mother; Mrs J. M. Chabala for all her input in my life; for

raising us single handedly and striving to see us get a decent education and life but most
importantly for teaching us to love and honor Jehovah the almighty and give sacred service only
to Him alone. It is also dedicated to my siblings- Trustridah, Efford, Kingsley, Memory and

David for their support and encouragement. It is a dedication to Njeleka my wife and to my son

Jeremy for giving me reasons to work even harder and keep living.



ACKNOWLEDGEMENTS
| am sincerely grateful to my supervisors Dr S. Nyirenda, Dr G. Sijumbila and Dr A. Mweemba

for their guidance, support and sacrifice in helping me develop the proposal and for their
suggestions in my drafts; their contribution to this work is unparalleled. 1 acknowledge Mr. A.
Banda for his help in the data analysis process. | am grateful to Mr.Soko and Mr. Banda for

helping locate the files.

I am also very grateful to the faculty members of School of Medicine for their dedication to
impart knowledge in students and the University of Zambia for providing an enabling

environment for learning and developing knowledge.

Vi



TABLE OF CONTENTS

CERTIFICATE OF APPROVAL ... .ottt i
CERTIFICATE OF COMPLETION OF DISSERTATION ..ottt i
DECLARATION ...ttt sttt ettt et e e be e s s bt e be e e see e sbeeabeesaneeneee e ii
ABSTRACT ..ttt b et e e e et e r e n e ne e iv
DEDICATION ...ttt sme e e e e snn e e neennneeneeanne s v
ACKNOWLEDGEMENTS ...ttt bbbt seeas Vi
TABLE OF CONTENTS......ooiiiiiee e Error! Bookmark not defined.
LIST OF ACRONYMS ...ttt ettt ne s Xi
CHAPTER ONE: INTRODUCTION .....ooiiiiiiiieeee et 1
IO = T Yo N [ (o1 3o SRS 1
1.1. Statement Of the ProDIEM ..o s 3
1.2, JUSEITICALION ...ttt bbbttt bbbt 3
CHAPTER TWO: LITERATURE REVIEW .......oooi e 4
2.0. LITEIatUIE TBVIBW ...ttt bbbttt 4
2.0.1. Overview of antiretroViral Arugs ........coooeieiiiininieee e 4
2.0.2. HIV replication cycle and site of action of antiretroviral drugs..........c.ccceevevvvirrennnene. 5
2.0.3. Adverse effects of antiretroviral drugs ..........coveieeeieie e 6
2.0.4. Occurrence of renal dysfunction in HIV/AIDS patients on TDF..........cccooviviiiieeinnns 6
2.0.5. Pathophysiology of TDF associated renal dysfunction in HIV/AIDS patients........... 12
2.1. Biochemistry and physiology oOf Creatining...........cccooeieiiieniiiiisseeee e 12
2.2 HYPOTNESIS ...ttt bbb bbbt b e bbbt ene s 13
2.3. GENEIal ODJECHIVE. ... 13
2.4, SPECITIC ODJECLIVES. ....eoiiiiii et bt sre e e 14

Vii



CHAPTER THREE: MATERIALS AND METHODS ... 15

3.0, STUAY TESTON .ttt bbbt bbb bbbt ene s 15
3L POPUIBLION. ... bbbttt 15
Be2. STUAY ST ..ttt bbbt bbbt et b bbb 15
3.3, SEIECLION CIIEIIA. ...ttt bbb 15
3.3.1. INCIUSION CIIEEIIA ...ttt 15
3.3.2. EXCIUSION CIITEIIA . ....cueiuietetiste sttt 15
Buh. SAMPIE SIZE......oeeeeeeee bbb bbbttt bbbt 16
3.5. Determination of serum creatinine at UTH chemical pathology laboratory ...................... 17
3.5.1. Analytical mMethodology .......c.ccceeiiiiiiiee e 17
3.5.2. Specific performance characteristic of the Beckman Coulter AU400 ........................ 19
3.5.3. Internal Quality Assurance of the Beckman Coulter AU400 at UTH chemical
PALNOIOGY 1DOTALOIY ... 19
3.5.4. External Quality Assurance at UTH chemical pathology laboratory...............cc.c...... 20
3.6. Determination of presence of renal dySTUNCLION ...........coccoiiiiiiiiiiic 20
3.7. Data collection tools and Variables............cooiiiiiiiiiie s 21
BT 1 VANTADIES ... e 22
3.7.2. Data NANAIING.......coueiiiieie e 23
3.7.3. Data ANAIYSIS .....ceiiiieiieieie bbbt 23
3.8. Ethical CONSIARIALION ..o 24
3.9, STUAY HMITALIONS ...eeviieiieciecce et e et e e b e e e e be e raeebeennee e 24
CHAPTER FOUR: RESULTS ...ttt ne e 25
4.0. DESCIIPLIVE TESUITS ...ttt bbbttt 25
4.1. Characteristics of participants at baseline and after 1 year of exposure to ART ............... 25
4.2. Severity of renal dysfunction categorized by exposure to TDF.........cccooceveiiiiiniieniennnnne 26

viii



4.3. Comparison between the baseline and 1 year creatinine clearances in the controls group 26
4.4. Comparison between the baseline and 1 year creatinine clearances in the study group. ... 27

4.5. Frequency of developing renal dysfunction (renal dysfunction) after 1 year of ART in the

SEUAY POPUIALION ... bbbt 27
4.6. Comparison of likelihood of developing renal dysfunction after 1 year of ART in the study
POPUIBLION. ...ttt b bbbt b et e e b et e bbbt nneene s 29
CHAPTER FIVE: RESEARCH FINDINGS DISCUSSION ......ooiiiiiiiiiiiiierie e 31
5.0, DISCUSSION ..ttt ettt b bbb bbbttt b et b e b et b et nn s 31
5.1, CONCIUSION. ...ttt bbbt 32
5.2. RECOMMEBNUALIONS ...ttt bbbttt b e bbbt ene s 32
APPENDICES ... oot sttt h bt b et et nae e b nnnas 33
Appendix 3.1: Participant Selection Spreadsheet ...........cooevieiiniiiiiee 33
Appendix 3.2: Matched Participants SNEet ..........ccocoveiiiiicii i 34
Appendix 3.3: Data ColleCtion ShEet...........ccoiieiiie e 35
Appendix 3.4: Variable definition KeY ..o s 36
REFE R EN CE S . e et et e e e e ee e 37



LIST OF FIGURES AND TABLES
Figure 3.1: Picture of the Beckman Coulter AU400............cooiiiiiiiiiiiiiiiieiieee, 17

Figure 4.1: Frequency of developing abnormal CL(renal dysfunction) after 1 year of ART in the

STUAY POPULALION. ..ot 28
Table 3.1: Variable Of INTEIEST ........ccooiiiiiiee e 23
Table 4.1: Summary statistics of the study population.................coooiiiiiiiiiiinnii. 25
Table 4.2: Severity of Renal Dysfunction Categorized by Exposure to TDF..................... 26
Table 4.3: Paired t- test Results for Baseline and 1 year CL in control group .................. 27

Table 4.4: Paired t- test results for baseline and 1 year creatinine clearance in the study

Table 4.5: Renal Dysfunction Development in Cases and Controls................c.c.ocooene. 29

Table 4.6: Logistic regression model with developing renal dysfunction after 1 year of ART as

the dependent variable......... ... 30



LIST OF ACRONYMS

AIDC- Centre for Infectious Disease Research in Zambia
AIDS- Acquired Immunodeficiency Syndrome

AKI- Acute Kidney Injury

ARF- Acute Renal Failure

ART- Antiretroviral Therapy

ARVs- Antiretroviral Drugs

CKD- Chronic Kidney Disease

CL¢r- Creatinine Clearance

eGFR-Estimated Glomerular Filtration rate

WHO- World Health Organization

EQA- External Quality Assurance

HAART- Highly Active Antiretroviral Therapy

HIV- Human Immunodeficiency Virus

IQA- Internal Quality Assurance

K/DOQI- Kidney Disease Outcome Quality Initiative
MDRD- Modification of Diet in Renal Disease

NNRTI- Non-Nucleoside Reverse Transcriptase Inhibitor
NRTI- Nucleotide Analogue Reverse Transcriptase Inhibitor
SCr- Serum Creatinine

ESRD- Endstage Renal Disease

MDRD- Modification of Diet in Renal Disease

SOPs- Standard Operating Procedures

TDF- TenofovirDisoproxilFumarate

UTH- University Teaching Hospital

MOHZ- Ministry of Health Zambia

xi



