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ABSTRACT

Background: Children with HIV/AIDS live longer and healthier lives because of treatment
advances such as highly active antiretroviral therapy (HAART) and treatment of
opportunistic infections. In Kenya the national guidelines recommend the use of regimens
based on a backbone of two nucleoside reverse transcriptase inhibitors (NRTI). Elevated
lactate levels and life threatening hepatic dysfunction have been described in children and
adults on HAART regimen containing NRTIs but few studies are available that evaluate
lactate levels among African children. The final common pathway for most of these toxicities
is thought to be through mitochondrial damage leading to impairment of the aerobic
respiration leading to accumulation of lactic acid the dead end product of anaerobic
respiration resulting in hyperlactatemia, life threatening lactic acidosis and hepatic steatosis
in these individuals.

Objectives:

The primary objective was to determine the prevalence of hyperlactatemia among children
on treatment with NRTI based HAART regimen attending the comprehensive care centre
clinic at Kenyatta National Hospital. The secondary objective was to describe the factors
associated with hyperlactatemia.

Study design:

This was a hospital based descriptive cross sectional study during the year 2010.



Methods:

Blood samples were drawn from these patients and analyzed for L-lactate. Treatment
history and baseline data were corroborated from the patients' records. The primary
objective was achieved by calculating the overall and age-specific prevalence. The
secondary objective was achieved by analysis of the correlates for hyperlactatemia by
description and comparison of the characteristics of patients with and without
hyperlactatemia, with the aid of software programs (Epi-Info and SPSS). P-value of less

than 0.05 was considered significant. Results were presented in tables, charts (pie), and

graphs as appropriate.

Results:

A total of 271 children were recruited into the study. The overall prevalence of
hyperlactatemia was found to be 11.8%. There were significant differences in the age
specific prevalence. The highest prevalence was in the children of the 6-<10 years age
group at 17.9% (OR 5.8; 95% CI 1.7 - 20.9), children aged 2-<6 years had a prevalence of
13.2% (OR 4.2; 95% Cl 1.2 - 15.7) compared to children >10 years who had a prevalence

of 3.6%. 89.9% of the children with hyperlactatemia had mildly elevated levels.

No significant correlation was found between hyperlactatemia with other factors explored.



Conclusion:

The prevalence of hyperlactatemia among children on NRTIl-based HAART at Kenyatta
National Hospital Comprehensive Care Centre is comparable to that found in other similar
studies but children under ten years had the greatest prevalence and a 4.2 - 5.8 fold

increased risk for hyperlactatemia. Most of the children with hyperlactatemia had a mild

elevation of the lactic acid levels.

Recommendation: There is need to evaluate lactic acid levels at baseline for children on
HAART and at three months follow-up visits for those children with increased levels to

determine the trend especially those below ten years of age.

Xi



1. INTRODUCTION

The advent of highly active antiretroviral therapy (HAART) has had a significant impact in
reducing morbidity and mortality among HIV infected children and has remarkably
contributed to the observed decrease in infant and under-five mortality rates in Kenya <)) and
worldwide. These children now live longer and healthier lives (2 5). However as a result of the
increasing experience, and the prolonged and intensified use of these therapies, related
adverse effects are being recognized and are rapidly emerging as an important challenge to
the management of these patients. Hyperlactatemia, which is one of the commoner
toxicities, is thought to result from mitochondrial injury associated with the use of nucleoside
reverse transcriptase inhibitors (NRTIs) and has been found to occur among children and
adults on regimens containing NRTIs Few studies on lactic acid levels and its impact
on the general health and growth of children have been done among the African paediatric
population <> The importance of this study is underlined by the fact that NRTIs form a
backbone for both first and second line highly active antiretroviral therapy (HAART)
regimens used in sub-Saharan Africa. This study determined the prevalence, and explored
the associated factors, and clinical features of hyperlactatemia among children receiving

HAART at the comprehensive care clinic (CCC) in Kenyatta National Hospital (KNH).

2. BACKGROUND AND LITERATURE REVIEW

2.1 Normal Glucose Metabolism

The mitochondrion is the powerhouse of the cell and plays a vital role in the production of
energy for normal cellular processes as well as in glucose and free fatty acid (FFA)
metabolism. Physiologically during glycolysis, glucose is metabolized to pyruvate through a
series of enzyme mediated reactions that occur in the cytoplasm resulting in the production
of a small amount of ATP. Pyruvate is then taken up by mitochondria and metabolized to
acetyl coenzyme A (Acetyl coA) a substrate for the Krebs cycle in which oxidative

phosphorylation occurs. Free fatty acids are also converted to acetyl coA to enter the Krebs



cycle. Oxidative phosphorylation involves oxidation of NADP to NADPH (reduced and
oxidized nicotine adenine dinucleotide, respectively) through an electron transfer process
that is tightly coupled with phosphorylation of ADP resulting in the generation of most of the
ATP molecules that are yielded from each quantum of glucose and free fatty acid. This
process is catalyzed by mitochondrial cytochrome enzymes in the double membrane of the
mitochondria and requires oxygen (Fig 1) <®). Under anaerobic conditions or in the presence
of mitochondrial enzyme dysfunction or depletion, the metabolism of pyruvate to acetyl coA
is inhibited. Pyruvate in these circumstances is then metabolized to lactic acid in cytoplasm
by lactate dehydrogenase and is associated with significant reduction in energy production,
accumulation of lactic acid, and ketogenesis from accumulating free fatty acids. Fig 1 <)

Glycolysis
Glucgs

Pvaab

Acetyl-CoA

Lactate

30 ATP+C0,+ H,0

Normal aerobic mitochondrial function
AnaerobicAnitochondrial dysfunction il

Figure 1: Schematic representation of glycolysis and oxidative phosphorylation in the
presence and absence of mitochondrial toxicity. ATP, adenosine triphosphate;
CoA, coenzyme A. (&



The normal basal turnover of lactate in the body is about 1mEq/minute (15- 20 mEq/kg/day)
and most tissues are net producers of lactate. The main net consumers of lactate are the
liver and the renal cortex which contribute 50% and 20% to the clearance of lactate in the
body respectively through gluconeogenesis the remainder being cleared by other tissues

such as myocardium. Fig 2 <T7;%®>,

A systemic lactate excess will actate Lactate
induce a compensatory
response in clearance
mechanisms.

Lactate turnover 1 mEg/min (basal)

Figure 2: Homeostatic Regulation of Systemic Lactate. ('7;'®>

2.2 Normal Mitochondrial Function

Five DNA polymerases annotated alpha to epsilon have been characterized in eukaryotic
cells and serve different functions in DNA replication. DNA polymerase gamma enzyme is
the only one involved in Mitochondrial DNA (MtDNA) replication. The mitochondrial
enzymes are composed of five complexes annotated | - V and an adenine nucleotide

translocator (ANT) each consisting of a variable number of subunits, thirteen of which are



encoded by MtDNA <®). Both nuclear DNA (nDNA) and M1DNA however contribute to
formation of most subunits in each mitochondrial enzyme complex therefore inhibition of
DNA polymerase-y affects most of the enzyme complexes (except complex Il). fig 3 <%).
MtDNA is maternally inherited and its replication rate is independent of that of nDNA
occurring throughout the cell cycle even in the quiescent non-dividing cells. Basal MtDNA
turnover varies in response to the energy demand of the cell or stress. There is also
significant polymorphism in the MtDNA in the general population and some forms of the
DNA may place certain individuals and hypothetical® certain populations at higher risk for
mitochondrial dysfunction. Furthermore, mutations and defects can easily occur because
MtDNA has neither an effective repair mechanism nor protective histones, and is also
exposed to oxygen radicals generated by the respiratory chain. This indicates the possibility

of variability in drug-toxicity profile among different age groups (*:8).

it .WIW
SARRY D A T

Comolex | \Y ANT
Subunit 43 4 1 12
MtDNA 7 1 0 3 2
nDNA 36 9 4 10 12

Figure 3: Diagram of the oxidative phosphorylation system, containing four respiratory
chain complexes (I-1V), F1-FO ATP synthetase (complex V) plus the adenine
nucleotide translocator (ANT), located in the mitochondrial inner membrane. Each
complex is composed of several subunits, each of which is encoded by either nuclear
or mitochondrial DNA (nDNA or MtDNA). Adapted from Wallace <'92>,



2.3  Definition, Classification, and Clinical Presentation of Hyperlactatemia

Lactic acidosis is defined as a plasma lactate level £ 5 mmol/L accompanied by pH < 7.35
in venous blood. It is almost always associated with hepatic steatosis and high mortality <2,
Hyperlactatemia is defined as plasma lactate £ 2.0 mmol/L and below 5mmol/L f2). Severity

is classified as shown in the table 1 below:

Table 1: Grades of Severity of Hyperlactatemia <i0:23)

Venous lactate (mmol/L ) Interpretation
0.9-2.0 Normal
2.1-3.5 Mild elevation
3.6- 5.0 Moderate elevation
51-99 Severe elevation
>10 Very severe (life threatening)

Lactic acidosis can be classified into two types; Type A which is associated with conditions
resulting in impaired tissue oxygenation and type B lactic acidosis which results from those

not associated with impaired tissue oxygenation <®,

Type A lactic acidosis is the most common type and results from conditions such as hypo-
perfusion in shock (secondary to hypo-volemia, septic shock, or cardiac insufficiency).
Concurrent respiratory acidosis in these patients may contribute to the academia. Patients
with type B lactic acidosis usually have no manifestations of systemic hypo-perfusion.
Mechanisms involved in type B include toxin-induced impairment of cellular metabolism or

regional areas of ischaemia. NRTI induced lactic acidosis falls in this group.



Patients with hyperlactatemia may present clinically in many varied ways depending on the

tissues most affected by the impairment of oxidative - phosphorylation and are summarized

in table 2 below:

Table 2: Clinical Manifestations of Oxidative Phosphorylation Disorders <19'2427),

Disorder Clinical Manifestations

Neurological Peripheral neuropathy, encephalopathy, dementia, seizures, stroke
Myopathy Hypotonia, muscle weakness, exercise intolerance

Cardiac Cardiomyopathy, conduction disorders

Endocrine Diabetes Mellitus

Gastrointestinal

Colonic pseudo-obstruction, exocrine pancreas dysfunction,
pancreatitis, hepatomegaly, steatosis, liver failure, lactic acidosis

Nephrological

Non-selective proximal tubular dysfunction with academia,
phosphaturia and glucosuria, glomerulopathy

Hematological

Anaemia, thrombocytopenia, pancytopenia

Psychiatric

Depression

General

Multiple systemic lipomas, fatigue




2.4 Mechanisms of Anti-Retroviral Drug Associated Hyperlactatemia

Among the various classes of antiretroviral drugs currently available for treatment of
HIV/AIDS infected children, only the NRTI class has been demonstrated to be associated
significantly with hyperlactatemia. Other reverse transcriptase inhibitors (RTI) are also used
as HIV inhibitors, including non-nucleoside analogues (NNRTI) such as nevirapine,
delavirdine, efavirenz, and nucleotide analogues such as tenofovir and adefovir [9-(2-
phosphomethoxyethyl) adenine (PMEA)]. Although data on the affinity for human DNA
polymerases are less abundant for these compounds, it appears that non-nucleoside
analogues do not interfere with any of these polymerases, whereas the currently available
nucleotide analogues appear to have a strong affinity for DNA polymerases p and y in
particular but no data of in-vitro mitochondrial toxicity have been reported to date for them.

(19; 28)

NRTIs are phosphorylated successively by cellular kinases in various tissues resulting in
triphosphate forms that are substrates of the viral DNA polymerase (reverse transcriptase
enzyme) which is their primary target. The phosphorylated active forms of the NRTIs are
2',3'-dideoxy-nucleoside  triphosphate analogues (ddNTP) of naturally occurring
deoxynucleoside triphosphates (dNTP) but lack the 3'-hydroxyl group required for DNA
chain elongation. When these analogues are incorporated into elongating viral DNA they
either cause premature termination of the chain (dideoxy-sequencing) or formation of non-
functional viral DNA thus inhibiting viral replication. These triphosphates are also substrates
of the human DNA polymerase-y and cause inhibition of MtDNA replication through chain
termination or formation of untranslatable M{DNA. This leads to depletion of MtDNA,
reduction in production of respiratory chain enzymes, and consequent reduction in aerobic

respiratory reserve of cells and consequently lactic acid accumulation. <&

Mitochondrial toxicity has been suggested as the final common pathway for a variety of

NRTI related adverse effects ('¥'.Toxicity related to nucleoside analogues was first observed



in muscle tissues of patients receiving zidovudine (AZT) OT. Different tissues are thought to
have different threshold expressions for toxicity dependent on the ATP requirements of the
tissue. Threshold expression is the minimum level of ATP production required to sustain
normal cellular functions. However, any body system can be affected to varying degrees.
Patients may present with variable patterns of hyperlactatemia including chronic
compensated hyperlactatemia, intermittent hyperlactatemia, symptomatic decompensated

hyperlactatemia, or rarely decompensated life threatening severe lactic acidosis <®).

The factors affecting the extent to which tissues are affected by NRTIs have been described
by the so called 'phosphorylase y - hypothesis' which states that the toxicity of antiretroviral
nucleoside analogues depends on (i) the sub-cellular availability and abundance of the
antiretroviral nucleoside analogues in the target tissue; (ii) the ability of cellular nucleoside
kinases to use the antiretroviral nucleoside analogue as a competitive alternative substrate
resulting in monophosphorylation and later *phosphorylation of the antiretroviral nucleoside
analogues; (iii) the ability of the triphosphate of the antiretroviral nucleoside analogue to
inhibit DNA polymerase-y either by serving as a competitive (ineffective) alternative
substrate or by chain termination of the nascent MtDNA strand (non-competitive); and (iv)
the metabolic reliance on oxidative phosphorylation in the target tissues. <% 2°) In one In-
vitro study the NRTIs were shown to have the following order of decreasing mitochondrial
toxicity: zalcitabine (ddC), stavudine (d4T), zidovudine (ZDV) and then didanosine (ddl).

Abacavir has minimal association with mitochondrial toxicity'30).

One factor thought to predispose patients to hyperlactatemia is prolonged use of NRTls and
this is well recognized especially in adult patients receiving HAART containing NRTIs. Mina
J et al (2001) in a large prospective longitudinal study demonstrated that lactate levels rose

and persisted at elevated levels in patients after initiation of therapy*2'. (Fig 4).



Stavudine

- -
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Figure 4: Rise in population average venous lactate concentrations after start of highly
active antiretroviral therapy (HAART) ('>.

The number of NRTIs that a patient is exposed to may also predispose to development of
hyperlactatemia. Work done by Lonergan J et al (2001) revealed that the risk of
hyperlactatemia increases with each additional NRTI used and that regimen containing
stavudine bore highest incidence of lactic acidosis. The incidence rate of symptomatic
hyperlactatemia among adults taking NRTIs increased about two fold for each additional
NRTI in the regimen and the risk is lower in regimen without stavudine in both dual and
triple therapy regimen. Abdominal pain, abdominal bloating, nausea, fatigue and increased

alanine transaminase (ALT) in association with elevated lactic acid were the case defining

symptoms <&,

Some toxicities attributable to NRTIs are reversible when the offending drug is withdrawn for
example return of previously elevated lactate levels to normal ranges. In an earlier study.
Lonergan J et al (2000) described a possible syndrome of early symptomatic
hyperlactatemia in which patients presented with abdominal symptoms, increased ALT and
lactate levels below 5 mmol/L. In these patients, there was no associated mortality and

symptoms resolved on withdrawal of ART and on substitution with alternative regimen



symptoms did not recur. It was inferred therefore that early recognition and intervention by
withdrawing offending medications could potentially avert development of severe lactic
acidosis which is associated with high mortality of up to 50% <“). Withdrawal of zidovudine
results in reversal of myopathic changes demonstrated histologically by substantial
reduction in rugged-red fibers (sub-sacrolemnal proliferation of abnormal mitochondria) that
distinguish zidovudine related myopathy from HIV-related viral myopathy <3). Bone marrow
toxicity which is also thought to be partly due to zidovudine through inhibition of DNA
polymerase y can be overcome by substitution of haem <%). Re-challenge with NRTIs
different from the offending ones has not been shown to result in recurrence of

hyperlactatemia in some cases <.

2.5 Epidemiology of Hyperlactatemia in HIV Infected Children

An extensive review of literature indicates that data on hyperlactatemia in African children
with HIV on highly active antiretroviral therapy (HAART) is lacking. Available studies among
children in USA and Europe indicate that hyperlactatemia occurs in high prevalence among

patients on HAART. (Summarized in table 3 below.)

In a study in USA, Desai et al (2003) reported a prevalence of 32% hyperlactatemia among
127 children between ages 1 and 17 years receiving HAART in the Brooklyn pediatric AIDS
network <. Elevated lactate levels were associated with use of nucleoside reverse
transcriptase inhibitors (NRTI) and protease inhibitor (PI) therapy. However, stavudine and
ritonavir alone or in combination and non-nucleoside reverse transcriptase inhibitors

(NNRTI) were reportedly not associated with elevated lactate levels.

10



Table 3: Summary of Previous Studies on Prevalence of Hyperlactatemia.

STUDY STUDY COUNTRY SAMPLE INCLUSION RESULTS
DESIGN CRITERIA

Desaiet | Cross sectional | USA 127 HIV positive | Hyperlactatemia

al (2002) (Brooklyn) children (1- | on HAART Prevalence 32%

©) 17 years)

Noguera | Prospective Spain 80 children | HIV positive | Incidence of

et al cohort study (9mo- on various hyperlactatemia

(2003)ro 17years) PMTCT was 29% on at
regimen least one occasior

Rhoads Retrospective G. Britain 146 HIV positive | Age <3 years

et al longitudinal children on HAART associated with

(2006) @ | study (<16 years) hyperlactatemia

Ekouevi Prospective Ivory coast | 338 infants | Babies on Hyperlactatemia

et al cohort study PMTCT Prevalence 14.3%

(2003) 0>

Baubaker | Cross sectional | Switzerland | 880 adult Swiss Cohort | Prevalence 8.3%

Ketal patients study

(1999) < Patients >16

yIs

In a longitudinal study by Noguera et al (2003) conducted in Spain of 80 HIV-infected

children of between 9 months to 17 years of age receiving antiretroviral therapy (ART), 29%

of the children were reported to have hyperlactatemia on at least one occasion during the

period of follow up ro.The incidence was 8.7 per 100 patient-years. However, the study did

not investigate the relationship between the risks of hyperlactatemia with each drug

Younger age at start of ART and a higher CD4 count were significantly associated with

hyperlactatemia. It was however underpowered to conclusively establish the relationship

between hyperlactatemia and each antiretroviral drug.



Similarly, in a study investigating the changes in metabolites including lactic acid in children
on antiretroviral therapy by Rhoads et al (2006) conducted in Great Britain of 146 children,
found higher median levels in children <3 years of age on combination ART than those £3
years of age on combination ART and higher than children not on combination ART in any
age group <. The study however was not designed to study the relationship between each

regimen and elevated lactate levels. Adult studies indicate the range of prevalence of

hyperlactatemia to be 8-35% ™.

One study was done in Africa by Ekouevi et al (2006) on lactate levels of neonates exposed
to antiretroviral drugs through prevention of mother to child transmission programs
(PMTCT). Babies exposed to single dose nevirapine (NVPsd) as well as those whose
mothers received various regimens for PMTCT (ZDV only or ZDV+3TC from 32 wks
gestation, together with intrapartum NVP & baby got NVPsd) had comparable prevalence of
hyperlactatemia 13.1% and 14.3% respectively. Although none of the children had
symptomatic hyperlactatemia or other signs of mitochondrial toxicity some children were

noted to have persistently elevated lactate levels up to six months of follow up <>.

Although studies among adults reveal that stavudine is associated with elevated lactic acid
levels <'°-B> Desai et al observed that stavudine and ritonavir alone or in combination were
not associated with elevated lactate levels in children <§). This observation, although not
reported in the other paediatric studies done in Spain (*) and Great Britain, W could be a
reflection that first, there is an age related MtDNA polymorphism accounting for the
observed variation in effects of these drugs on MtDNA in paediatric and adult patients.
Secondly, it could reflect the regional polymorphism in MtDNA of the different populations of
children studied in USA and Europe. Thirdly the study may have been underpowered to

conclusively examine this question due to the small sample size relative to those among

adult patients.



2.6  Other Causes of Hyperlactatemia

Drugs other than NRTIs that have been reported to cause hyperlactatemia include
biguanides (currently metformin and phenformin in the past) used in type 2 diabetics. The

incidence of hyperlactatemia in patients on biguanides is however is very low J%).

Malignancy in rare occasions is also associated with lactic acidosis especially leukemia,
lymphoma, and solid malignancies but the pathogenesis is unclear. Anaerobic metabolism
due to dense clusters of tumor cells and/or metastatic replacement of the hepatic
parenchyma has been proposed, although lactic acidosis has occurred in patients with
relatively small tumor burdens. Increased lactate production by the neoplastic cells has also
been suggested, but this would not explain the rarity of tumor-induced lactic acidosis
Thiamine or riboflavin deficiency and altered Insulin growth factor (IGF and IGF-Binding
Protein) have also been suggested in some of these cases. Regardless of the mechanism,

removal of the tumor (by chemotherapy, irradiation, or surgery) leads to correction of the

acidosis i%).

A mild degree of lactic acidosis may be observed with alcoholism in which lactate
production is usually normal but lactate utilization is diminished because of impaired hepatic
gluconeogenesis. Although lactate levels generally do not exceed 3 mEg/L in these
patients, alcohol ingestion can potentiate the severity of other disorders that are associated

with the overproduction of lactate 3%'.

D-lactic acidosis, a unique form of lactic acidosis can occur in patients with jejuno-ileal
bypass or, less commonly, small bowel resection or other cause of the short bowel
syndrome. In these settings, glucose and starch are metabolized in the colon into D-lactic
acid, which is then absorbed into the systemic circulation. The ensuing acidaemia tends to
persist, since D-lactate is not recognized by L-lactate dehydrogenase, the enzyme that

catalyzes the conversion of the physiologically occurring L-lactate into pyruvate I3',



Inherited mitochondrial disorders cause either deficiency or impaired function of
mitochondrial enzymes leading to lactic acidosis. Other risk factors associated with
hyperlactatemia or severe lactic acidosis are unknown although HIV infection has
independently been associated with mitochondrial necrosis. Obesity and female gender are

also thought to predispose to hyperlactatemia <19'%)

2.7 Determination of Mitochondrial Toxicity and Hyperlactatemia

Currently there is no widely available and cost effective single test that has been shown to
give accurate prediction of, or to measure the mitochondrial toxicity due to NRTIs. Cote et al
(2002) demonstrated that mitochondrial DNA to nuclear DNA ratio (MtDNA: nDNA) is
reduced in muscle and liver biopsy specimen of patients who present with symptoms of
hyperlactatemia and is currently the gold standard (*’). However, routine biopsy may not be
practical and DNA tests not widely available or cost effective for this to be useful for

monitoring these patients especially in resource limited settings like the sub-Saharan Africa.

Montaner J et al (2004) demonstrated that symptomatic hyperlactatemia correlated well with
reduced MtDNA and therefore, serum lactate could be a useful marker for mitochondrial
toxicities <®. Some studies also demonstrate that clinically important hyperlactatemia can
be picked through routine measurement of plasma lactic acid levels which impact on

patient's quality of life, adherence to therapy, and ability to maintain effective long-term

antiretroviral therapy [8).

The measurement of lactate levels is a delicate and technical process. Accurate
measurements may theoretically be affected by the patient's level of physical activity,
however, rest for at least thirty minutes, avoiding arm exercise prior to sample collection,
and application of tourniquet for less than 2 minutes have been shown to have negligible
effects on plasma lactate levels <* 4> Sodium fluoride is a useful and effective inhibitor of

glycolysis for preserving blood specimen for lactic acid determination, and has been shown



to have a sustained efficacy for up to 72 hours. Separation of red ceils from plasma by
centrifuging the blood samples within 15 minutes of collection further helps to prevent a
potential initial increase of lactic acid in the sample after collection caused by anaerobic
respiration of red blood cells since the maximal inhibitory effect of sodium fluoride is

achieved after one hour of incubation of blood samples <®.



3. STUDY RATIONALE

Almost all HIV infected children in Sub-Saharan Africa are on treatment with NRTI based
regimens which are associated with hyperlactatemia, a known debilitating and potentially
fatal adverse effect of this class of drugs. There is paucity of information regarding the
prevalence of hyperlactatemia, the associated factors, and how it presents among African
children. Lactate levels are not routinely monitored in most setups and late recognition of
this condition exposes children to severe morbidity and risk of death.

It is therefore important to determine the magnitude of hyperlactatemia among children
infected with HIV on treatment with nucleoside analogue based highly active antiretroviral
drugs. This information would inform guidelines on the monitoring of HIV infected children

on HAART containing nucleoside analogues.



4. RESEARCH QUESTION

What is the prevalence of hyperlactatemia among HIV infected children on nucleoside

reverse transcriptase inhibitor-based highly active antiretroviral therapy at the Kenyatta

National Hospital?

5. STUDY OBJECTIVES

5.1  Primary Objective
To determine the prevalence of hyperlactatemia among HIV infected children receiving

nucleoside reverse transcriptase inhibitor based highly active antiretroviral therapy enrolled

for care at the Kenyatta National Hospital.

5.2  Secondary Objective:

To describe and compare the socio-demographic and clinical characteristics of HIV infected
children on treatment with nucleoside reverse transcriptase inhibitor based highly active
antiretroviral therapy with and without hyperlactatemia. These include: socio-demographic;
baseline clinical, immunologic and virologic status; nutritional status; treatment regime,

duration, and dose; other drugs/supplements taken and presenting symptoms and signs.



6. METHODOLOGY

6.1  Study Design
This was a descriptive cross-sectional study during the year 2010 including the school

holidays so that children from boarding schools could be included.

6.2  Source Population

The sample population was derived from paediatric patients attending the paediatric HIV
clinic at Kenyatta National Hospital Comprehensive Care Center. Over 1100 children of age
birth to fourteen years attend the clinic regularly and of these 650 are on antiretroviral
therapy. A few adolescent patients between the age of 14 and 17 years who prefer to
continue visiting the paediatric clinic are allowed to continue care. Out of the 650 patients on
therapy, about 550 are on first line therapy (AZT+3TC+NVP) while 91 are on alternative
therapy (AZT+3TC+Kaletra) due to perinatal nevirapine exposure or nevirapine intolerance.
The remaining children are on various other combination therapies due to other factors

including treatment failure and toxicity.
6.3  Study Population

The study population included children infected with HIV on treatment with HAART
containing NRTIs who attend the KNH CCC paediatric HIV clinic. Patients who were

considered for recruitment into the study had to fulfill the following criteria:
* Inclusion criteria
- HIV infected
- Must have been on HAART including an NRTI for at least 6 months
- Age 6 mo to 17 years
- Must have been on follow-up at the KNH-CCC for at least 6 months

- Signed informed consent



o Exclusion criteria

- Children with obvious or known co-morbid conditions that can cause

hyperlactatemia such as malignancy.

Only in - patients admitted through this paediatric HIV clinic were eligible for inclusion. It
was noted that other HIV positive paediatric patients were admitted through the paediatric
filter clinic at this same hospital as emergency cases, during hours when the clinic was
closed or as referrals from other HIV care centers for in-patient care but these were

excluded to avoid double inclusion and because they were not from the study population.

6.4  Study Site

The study was conducted at the Kenyatta National Hospital (KNH) comprehensive care
clinic (CCC) for HIV infected children. KNH is situated in Nairobi the capital city of Kenya
and is the largest referral hospital in East and Central Africa. Both the adult and paediatric
HIV clinics are co-located in the same building but run separately. Most of the patients who
attend the clinic are from the city and its environs although some are referred from other
parts of the country. The paediatric clinic runs on weekdays from 8am to 5pm and 20 to 40
patients are seen per day. When patients arrive at the clinic they report to the records office
where their record files are retrieved from storage and the patient registered in a clinic
attendance register by the records clerks. Generally the clinicians see the patients in the
order of registration with exception of very sick children who are triaged and seen without
waiting, or those delayed due to other unusual reasons such as a lost file or pending
laboratory results. Once seen by a clinician those requiring laboratory investigations are
sent to the laboratory for sample collection. Stable patients are reviewed with the results

during the next appointment.

During the first year of initiation of HAART the children are reviewed monthly and thereafter

stable patients are seen typically on 3 monthly appointments and routine monitoring



laboratory tests done during each of these visits include a full blood count, creatinine level,
and alanine transaminase level (AST). CD4 count and percentage are done every 6
months. Viral load is not done routinely due to cost, but a few patients may have it done

especially in assessing treatment failure.

6.5 Sample Size Determination

The sample size estimation was based on the primary objective to give adequate power

to determine the prevalence of hyperlactatemia in the study population.

Using Fischer's formula <¥):

n = (Z(i-g/2))2xpx(1-p)
d2

* n = Minimum sample size
* a = Degree of precision set at £ 5%

« p = Estimated prevalence of hyperlactatemia in HIV infected children on HAART

of 32%. Desai et al 200316)
+ d = significance level set at 5%

« Z(i,/[2)= 1.96, critical value at a significance level of 5%.
n = 1.962x 0.32 x 0.68/0.052 = 334

The sample was stratified by age as follows:

Table 4: Age groups

Age Number
< 2 Years 83
2 - <6 Years 83
6-10 Years 83
> 10 Years (Adolescents) 83




6.6  Sampling Procedure

Sequential sampling was used to select patients to be considered for recruitment into the study
using the clinic attendance register as the sampling frame. The investigator visited the study
site from 8am to 5pm and selected the study subjects in the order indicated in the clinic
attendance register and assessed their eligibility, obtained their consent for recruitment into the
study, interviewed them, examined them and then sent the patients to the laboratory for blood
sample collection. This process of selection was repeated every day until the sample size was
achieved for each age group. Concerns raised by the patient or issues regarding the visit were
dealt with by the investigator in consultation with the clinic physicians to avoid further delaying

the patient in the clinic.
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7. STUDY PROCEDURE
71 General Flow

Patient rests

/ > Questionnaire, ~ for 30 min C
Patient assessed administered, Blood sample collected in
for eligibility. arthropometry, and Na-F bottle, centrifuged
Consent obtained physical S within 15 min, and plasma
from eligible patient. examination done refrigerated.
s / A on eligible patient

Results noted in daily Lactic acid assay done
laboratory results sheet using Humaster 180
and dispatched to clinic. calibrated with lactate kit.

"O herresults rt a —
FBC, ALT, Creatinine,

Figure 5: Flow chart of study procedure CD4, and Viral Load

7.2 Clinical Procedures

7.21  Enrolment

The investigator visited the KNH-CCC paediatric clinic on weekdays from 8 am to 5 pm until
the minimum sample size is attained for each age group. The investigator identified HIV
infected children who are aged six months to seventeen years. The age was ascertained to
the nearest month using parent/guardian report, birth certificate or growth chart (the road to
Health card). The investigator confirmed whether or not the child was on HAART by
checking the child's follow-up notes in the file and collaborating with information from the
parent/guardian. He also checked for pre-existing medical conditions that could cause
hyperlactatemia that the child is on treatment for. If the child was found to meet the inclusion

criteria, assent was sought from children above 7 years where possible in addition to an



informed consent from the parent/guardian after explaining to him/her about the study.
Assent was indicated by the child writing his name in annotated area of the assent form
(Appendix 1) while consent was indicated by the parent/guardian signing the annotated area

of the consent form. (Appendix II).
71.2.2 Interview

A questionnaire (Appendix Ill) was then administered and filled by interviewing the caregiver
and/or child and filling in all the required information as fully as possible. Data was
corroborated from the patient's record file regarding past clinical and laboratory data. These
had been structured into the following areas: socio-demographic data; baseline
characteristics including WHO staging, CD4 count and percentage, and viral load; treatment
history which included initial HAART regimen, dosages, duration, compliance, treatment
changes and reason, adverse effects, use of other medications, and presence of any

current symptoms or known concurrent illnesses.

7.2.3 Weight and Height Measurement

The investigator measured the weight of the child using 25 Kg Salter scale or a calibrated
step-on weighing scale for older children and adolescents >25 Kg recording the
measurement on the questionnaire to the nearest 0.1 Kg. The Length (for children less than
2 years of age) or Height for children above 2 years of age was measured using a
measuring board; the measurement was recorded to the nearest 0.1 cm. All measurements

were taken using the WHO measurement standards <&. (Appendix VI).

7.2.4 Physical Examination

The investigator or his assistant then examined the patient carefully noting all relevant
physical examination findings and recorded these in the questionnaire appropriately and

accurately.



7.3 Laboratory Procedures
7.3.1  Blood Collection Procedure
Key observations during blood collection included:

1. Sample collection was done at the laboratory for stable patients. Samples from very
sick patients were collected at the clinic.

2. 4ml of venous blood was collected into vacutainers containing sodium fluoride (gray
corked) once.

3. The patient was allowed to rest for at least thirty minutes before the blood sample is
collected. The area for venepuncture was cleaned thoroughly with a spirit swab.

4. Unnecessary tourniquet application was avoided if superficial veins were easily
located. Where tourniquet was applied it was done for a maximum of two minutes
from application time to sample collection. Forearm or hand exercise during location
of blood vessel for venepuncture was avoided. Once free flow of blood was
established the tourniquet was released and the blood sample collected.

5. Other samples required for routine tests were then collected after this.

6. Collected sample was mixed with the fluoride by inverting vacutainer and centrifuged
within 15 minutes of collection. Plasma collected in the clinic was transported to the
lab in ice.

7. Plasma kept at room temperature (15-25 °C) was assayed for lactate levels within
72 hours from collection.

8. Where delay was anticipated plasma was refrigerated at 2 - 8 °C and remained

viable for 14 days (kit specification - appendix IX).

7.3.2 Lactic Acid Determination Procedure (Appendix IX)

Collected samples were analyzed at the University of Nairobi Paediatric department
laboratory. Plasma lactic acid level was determined using Humaster 180 analyzer which is a

fully automated processor. The machine was calibrated using the lactate kit (C.fa.s. -



Calibrator for automated systems) solution provided by Roche diagnostics. Each blood

sample was loaded through a specimen port and the assay runs and results printed

automatically.

Expected values for plasma lactate when using this particular kit was 0.5 to 2.2 mmol/L.

Lactate levels above 2.2 mmol/L were therefore communicated to the primary clinician as

elevated for necessary action.

Standardization: One machine was used to run all the tests. Sample collection was done

by only one phlebotomist trained on the required precautions.

Quality assurance: Each day, an internal quality control specimen of known value was
analyzed for L-lactate. The value obtained was compared to the known value and a
standard Deviation Index (SDI) calculated. According to the manufacturer of the kit, only
assays whose values were within 2 SDI were acceptable. The analyzer had a measuring
range of 0.22 - 15.5 mmol/L when using the lactate kit. Samples with extremely high lactate
levels could give falsely low results in the measuring range, however these were flagged
'LIMT2' to indicate the necessity for a rerun with diluted sample. The laboratory also had
external quality assurance scheme with the Human Quality Assessment Services (HUQAS)

affiliated to Digital PT of Canada.

Results of the other routine investigations taken at the same time were obtained for
correlation later. The laboratory tests conducted routinely included full blood count, CD4
count, liver function and renal function tests. In addition adherence level as evaluated during

routine evaluation and viral loads were recorded where available.
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8. STUDY DEFINITIONS
8.1  World Health Organization HIV Infection Definition (2007) («>

For children < 18 months HIV infection was defined as a positive virologic test (HIV

RNA/DNA PCR) done more than four weeks after birth.

For children > 18 months HIV infection it was defined as a positive antibody test
(rapid/ELISA) confirmed by a second HIV antibody test using different antigens or operating
characteristics; and/or positive virological test for HIV or its components (HIV-RNA or DNA
or ultra sensitive HIV p24 antigen) confirmed by a second virological test obtained from a
separate determination. In the study clinic, Determine and Uni-gold for rapid antibody HIV

tests and Amplicor RNA/DNA PCR (Roche) were used.

8.2 Hyperlactatemia

Hyperlactatemia was defined as serum lactate level above 2.2 mmol/L as determined by the
manufacturer's kit specification. Grading of severity was as shown in table 2.

Table 5: Study Definitions for Interpretation of Lactate Levels.

Interpretation Venous lactate (mmol/L)
Normal 05 -2.2*

Mild elevation 2.3-3.5
Moderate elevation 3.6- 5.0

Severe elevation 51 - 99

Very severe (life threatening) >10

'‘Using reference range described by the manufacturer of the lactate kit (Appendix [X).
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8.3  WHO Immunologic Staging (2007) («)

The World Health Organization (2007) immunologic staging was used as indicated the table

below:

Table 6: WHO Immunological Classification for Established HIV Infection <®).

HIV related Age related CD4 values

immunodeficiency | <11 months 12-35 months | 36-59 >5 years
(%CDqt) (%CD 4) months (absolute

(%CD<+) number per mm3
or %CD4+)

None/ not >35 >30 >25 >500

significant

Mild 30-35 25-30 20-25 350-499

Advanced 25-29 20-24 15-19 200-349

Severe <25 <20 <15 < 200 or <15%

8.4  WHO Clinical Staging (2007) <&

The WHO (2007) clinical staging characteristics for patients with confirmed HIV infection
was used as indicated in appendix IV (children) and appendix V (adults and adolescents).
For the purposes of HIV case definitions for reporting and surveillance by WHO, children
are defined as younger than 15 years of age, and adults and adolescents as 15 years or

older.

Table 7: WHO Clinical Staging for Established HIV Infection (2007) (*>

HIV Associated Symptoms Clinical Stage
Asymptomatic 1
Mild symptoms 2
Advanced symptoms 3
Severe Symptoms 4
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9. DATA MANAGEMENT

9.1 Storage

Data collected during the interviews was filled in the questionnaires and laboratory results
recorded in the request forms and noted on the laboratory results section of questionnaire
by the investigator subsequently. The data was entered and stored in a computer database
(Epi-Info). Copies of request forms with recorded results were forwarded to the clinic for

filing in the patients' notes and were available for review during the next visit.

9.2  Analysis
Data was collected, continuously cleaned and stored until the sample size was achieved for
each age group. Data was then entered into Microsoft Access database and analyzed using

Epi-Info nutrition software and SPSS statistical software.

The primary objective of the study was achieved by calculation of the overall prevalence of
hyperlactatemia by dividing the number of patients with hyperlactatemia by the total number
of patients assessed and expressed as a percentage. Age-group specific prevalence was
also determined similarly by dividing the number of children with hyperlactatemia in each

age group with the total number of children in the age group.

The secondary objective of the study was achieved by analyzing the correlates of
hyperlactatemia. This was done by describing and comparing the socio-demographic (age,
gender, ethnic group, and economic status), nutritional status, clinical and immunologic
disease stage, treatment variables (each drug and combination regimen of HAART, dose,
dose appropriateness, duration of wuse, compliance, and other concurrent
drugs/supplements used), and clinical characteristics (symptoms and signs) of those

children with and those without hyperlactatemia. This was done for the overall study

population and also for each age-group.
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The nutritional status of the children with and without hyperlactatemia was analyzed using
Epi-Info 3.2 Nutrition software. The height for age Z-scores (HAZ), weight for age Z-scores
(WAZ), and weight for height Z-scores (WHZ) will be computed. The Z-scores represented
the number of standard deviations of the measured parameters (HAZ, WAZ, and WHZ) for
each child from the mean of a normal population. BMI will be calculated for children two

years and above as weight (kg)/height? (m2) and the BMI percentiles for age computed

based on the CDC 2000 charts.

Overall and age-group specific proportions of children with hyperlactatemia were
determined within the 95% confidence interval, compared, and analyzed for correlation in
various categories based on the patient characteristics (age, gender, disease stage,
nutritional status, treatment variables, and clinical characteristics). The means with standard
deviations and standard errors, and the medians with inter-quartile ranges, were derived for

descriptive data and presented in frequency tables, pie charts, graphs, and bar graphs.

Associations between hyperlactatemia and the patients' characteristics and clinical features
were tested independently using Chi-square test and the Fisher Exact test where numbers
are less than five. A p-value of less than 0.05 was considered significant. Occurrence of
hyperlactatemia was modeled using each of the drug/ drug combination (regimen), and

clinical features to determine any confounders. Correlates were determined for the whole

study population and for various age-groups.
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10. ETHICAL CONSIDERATIONS

The study was submitted for approval by the Department of Paediatrics and Child Health of
the University of Nairobi and the KNH - UON ethical committee to which it was presented

and approval obtained.

Confidentiality of data collected was ensured. Both electronic and hard data were stored
and accessed sorely by the principal investigator. It was available to the following other
persons when required; the supervisors, the ethics board, and the attending physician

accessing the patient notes or by direct notification of results that need urgent intervention.
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1. RESULTS

Between August 2010 and December 2010, a total of 303 patients who met the inclusion
criteria were recruited into the study. Data from 31 of these patients was excluded from the
final analysis due to various reasons. 29 patients were omitted due to failure to turn up for

blood sample collection, while 3 patients had some data missing from their files. Therefore,

a total of 271 were included in the analysis.

Parents/guardians of children on HAART approached.

Questionnaires administered and clinical examination done.

Abstraction of clinical and laboratory data from files.
3 patients omitted due to missing data. (1 no basline CD4 counts, 2

no current CD4 count)

Blood for lactic acid determination drawn.
29 patients omitted due to failure to turn up.

R

Figure 6: Flow chart showing the selection process of study subjects.
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11.1 Characteristics Of Study Subjects

The demographic and clinical characteristics of the study population were as shown in table

8 below.

Table 8: Demographic and Clinical Characteristics of the Study Population (N = 271).

Characteristic Number (%)
Socio-demographic features
Age (years) Median (IQR) 7(5-7)
Male 133(49.1)
Mother's community( Kikuyu) 115(42.4)
Caretaker (Parent) 222(81.9)
Medicine giver (Parent/Self) 231(85.2)
Have regular family income 158(58.3)
Disease Stage and Nutritional Status
Baseline WHO disease stage (1 & 2) 12(4.4)
Current WHO disease stage (1 & 2) 193(71.2)
Baseline CD4 Count cells/ml (median, IQR) 522 (186- 922)
Current CD4 Count cells/ml (median, IQR) 933 (528-1331)
Baseline CD4 %(Median, IQR) 12(6-17)
Current CD4% (Median, 1QR) 26(18-32)
BMI kg/m? (median, IQR) 16.1(16.08-17.63)
Monitored Laboratory Indices
Hb g/dl (mean, IQR) 12(11-13)
WBC count x108/L (mean, IQR) 6.78 (4.65-8.23)
Platelets count x108/L(mean, IQR) 272 (219-350)
LFT ALT U/L (mean, IQR) 38 (21 -40)
Treatment characteristics
Treatment (1st Line Regimen) 237(87.5)
Treatment duration, months (Mean, IQR) 35 (19-48)
Multivitamin supplements 253(93.3)




11.1.1. Socio-demographic characteristics of the study group.

The mean and median ages for the patients in the study were 8 and 7 years respectively.
There were 133 males (49.1%) in the study population therefore the male: female ratio was
1:1. There were very few children below 2 years of age in the study population and only 11
were eligible for recruitment of whom only 4 turned up for blood sampling. The gender

composition by age groups is as shown in figure 7 below.
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20.0% - -
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= Male
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<2 years 2-<6 years 6-<10 years 210 years

Figure 7: Gender Composition of Study Population by Age Group.

97% of the patients were from families residing in Nairobi and its environs. About 42.4% of
the patients had maternal heritage from the Kikuyu community, Luo 22.2%, Kamba 12.2%,
and Luhya 8.4% while rest were spread among 38 various other communities in Kenya in
smaller proportions of less than 2% each. 81.9% of the patients had at least one parent as
the primary caretaker and 85.2% had a parent or themselves (especially children > 10

years) administering the medications to them.
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67.9% of primary care-takers had completed primary level of education and 58.3% of the
children recruited in the study came from households that had at least one member with a

stable monthly income. 51.5% of the families lived in single room houses.

11.1.2. WHO Disease stage and nutritional status

Majority of the children had WHO stage 3 & 4 disease at initiation of therapy (76.0%) and at
the point at which the study was conducted 71.2% of the subjects were now in WHO

disease stage 1 & 2 as depicted in figure 8 below.

700% - — wBaseline

60.0% - = Current

WHO Disease Stage

Figure 8: WHO Disease Stages at Baseline and Current.

The mean Body Mass Index for the group was 16.39. However, 94.46% of the patients had
Z-score above -3 SD for height-for-age (HAZ) and 96.31% for weight-for-height (WHZ).
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11.1.3. Monitored Laboratory Indices

The mean hemoglobin level in the study group was 12 g/dl (IQR 11 - 13 g/dl), mean white
blood cell count was 12 x 108/L with an IQR of 4.65 to 8.23 x 10«/L, and the mean platelet
count was 272 x 106/L (IQR 219 -350 x 10%/L). The majority of the patients had indices

within normal values. A minority of the patients had viral load determination done at various

points in the course of their treatment most being for evaluation of treatment failure.

UNIVERSITY OF NAIROBI
MEDICAL LIBRARY



11.1.4. Treatment characteristics

The HAART regimen taken by the children in the study group are represented in figure 9
below. Most of the children (87.1%) were also still on first line treatment according to the
Kenyan National Guidelines for HIV/AIDS treatment and had been on treatment for a mean

duration of 35 months. All patients selected for the study had appropriate dosage for each

drug.

The NRTI used by most children in the study was Lamivudine (84.5%), followed by
zidovudine (56.8%), abacavir (29.8%), stavudine (12.5%), and didanosine (7.7%). Only one

patient was on zalcitabine. Figure 9 below.
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Figure 9: Proportion of Patients on Various NRTIs.
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Figure 10: Proportion of Study Subjects on Various NRTI combinations.

Majority of the patients (49.82%) were on regimen containing zidovudine and lamivudine
while 21.03% were on abacavir and lamivudine based regimen and 8.49% were on

stavudine and lamivudine as shown in Fig 10 above.
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11.2 Prevalence Of Hyperlactatemia

The prevalence of hyperlactatemia among children receiving nucleoside reverse
transcriptase inhibitors (NRTI) as part of their highly active anti-retro-viral therapy (HAART)
regimen was found to be 11.8% in the study population. 10.7% of the patients with
hyperlactatemia had moderate elevation of lactic acid while the remaining 1.1% had mild

elevation. Similar studies among children reported prevalence rates of between 13.4% and

32.3% <&7).Table 9 below.

Table 9: Prevalence of Hyperlactatemia.

Lactate level Proportion of patients

Mild elevation 1.1%
Moderate elevation 10.8 %
88.2 %

Normal

38



11.3 Correlates Of Hyperlactatemia

The secondary objective of the study was to determine factors associated with
hyperlactatemia among children receiving NRTI containing treatment regimen. The factors
that were studied were socio-demographic, WHO disease stage, nutritional status,
treatment factors such as drug regimen taken (individual drugs and combinations), length of
therapy, and adherence level, multivitamin and other nutritional supplements, and organ

functional status especially liver and renal function.



11.3.1. Socio-demographic characteristics

a) Age

There was significant difference in the characteristics of the patients with and without

hyperlactatemia in terms of age table 10 below.

The highest prevalence of 17.9% was among children between ages 6 to 10 years and the
lowest prevalence of 3.6% found was among children over ten years old. Children in the
age group 2 - < 6 years and those 6- <10 years were 4.3 times (p = 0.029) and 5.2 times (p
= 0.006) more likely to have hyperlactatemia than those £10 years and this was statistically

significant. The reason for this difference in prevalence rates in the different age groups is

not apparent from this study.

Table 10: Correlation of Hyperlactatemia with Age

Age groups 95% C.l.for OR
N (%) | Pvalue OR Lower Upper
<2 years 0 0.999 .000 .000
2 - <6 years 12(13.6) | 0.029 | 4.263 1.158 15.694
6 - <10 years 17(17.9) | 0.006 | 5.885 1.659 20.874
>10 years 3(3.6) Reference group

This provides a snap shot of the patients' lactic acid homeostatic status but the trend may
need to be elucidated through prospective studies i.e. whether these patients had a onetime

elevation of lactic acid, a rising trend, or intermittent hyperlactatemia.
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b) Other Characteristics

There were no significant differences in other socio-demographic features among patients

with and those without hyperlactatemia as summarized in table 11 below.

Table 11: Correlation of Hyperlactatemia with Socio-demographic Characteristics.

Characteristic ‘ Lactic acid level N (%) ‘ p - Value
Normal Abnormal
Male 120(50.2) 13(40.6) 0.308
Mother's tribe (Kikuyu) 102(42.7) 13(40.6) 0.489
Caretaker (Parent) 192(80.3) 30(93.3) 0.064
Medicine giver (Parent/Self) 201(84.1) 30(98.8) 0.319
Regular family income 138(57 7) 20(62.5) 0.715
Baseline WHO disease stage (1 &2) 11(4.7) 1(3.1) 0.179
Current WHO disease stage (1 & 2) 168(70.6) 25(78.2) 0.289
Treatment (1st Line Regimen) 211(88.3) 26(81.3) 0.259
Body Mass Index (Mean + SD) 16.59 +£3.02 | 16.20 +£2.11 0.477
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11.3.2 Symptoms and Signs Exhibited by Patients

The symptoms and signs of patients with and without hyperlactatemia were also analyzed

for any correlation and the results depicted in table 12 below. There were no differences in

the symptoms and signs observed in patients with and without hyperlactatemia at the time

of the study therefore none of these may be useful in determining which patients are likely

to have hyperlactatemia.

Table 12: Correlation of Hyperlactatemia with Clinical Symptoms & Signs.

Symptoms and signs Lactic acid level N (%) | p- Value
Normal Abnormal
Abdominal pain 10(4.2) 1(3.1) 0.769
Nausea 1(0.4) 1(3.1) 0.095
Vomiting 6(2.5) 0(0) 0.363
Reduced Appetite (anorexia, refusal to feed) 9(3.9) 1(3.1) 0.837
General Examination findings* 16(6.7) 2(6.3) 0.924
Respiratory system findings 29(12.1) 2(6.3) 0.326
Cardiovascular system findings 3(1.3) 0(0) 0.524
Central nervous system findings 2(0.8) 0(0) 0.603
Abdominal findings 11(4.6) 0(0) 0.215

* Only abnormal physical findings are shown
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11.3.3. Characteristics of Laboratory Parameters

An analysis of the hematologic parameters, indices for liver (Alanine transaminase, ALT
level) and renal function (creatinine level, and estimated glomerular filtration rate, GFR) as
well as markers for immunologic status (CD4 count, CD4 percentage) was done for the
patients with and without hyperlactatemia and the results are depicted in table 5 below.

There was no statistically significant difference in these characteristics between the patients

with and without hyperlactatemia. Table 13 below.

Table 13: Correlation of Hyperlactatemia with Laboratory Indices.

Lactic acid level mean(SDJQR)

Laboratory parameter Normal Abnormal p Valu<

Hb (g/dL) 12.33(11.1-13.2) 12.31(11.7-14.2) | 0.94

WBC (count x 109/L) 21.4(6.9-26.7) 14.7(8.4-20.6) | 0.60

Platelets (count x 109/L) 285.4(219.6-350.1) | 286.5(213.9-362.5) | 0.98

38.3(21.4-43.5) | 36.1(24.7-42.8)  0.78

ALT (U/L)

Current CD4 count (per mL) 959(736 - 1327) 1020(618- 1289) | 0.66
Current CD4 % 25.2(10.9) 24.2(11.3) 0.62
Abnormal GFR*, N (%) 113(87.6) 16(12.4) 0.87

'Abnormal GFR = <90 ml/min/1.73m?

It was noted that both groups of patients exhibited high prevalence of renal dysfunction.
Although the kidneys account for up to 30% of lactic acid clearance from the body the
prevalence of chronic kidney disease as depicted by the estimated creatinine clearance rate
of <90ml/min/1.73m2 was similar in the patients with and without hyperlactatemia at 46.7%

and 45.1% (O.R 1.2; 95% CI: 0.5 - 3.1, p = 0.866) respectively and was not statistically
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significant. The degree of renal dysfunction as estimated by GFR is illustrated in the table

14 below.

Table 14: Degree of Renal Dysfunction in Children in the Study.

CKD Stage* Lactate level N (%)
Normal (n=240) | Abnormal (n=31)

1 (normal) 119(49.6) 14(45.2)

2 96(40.0) 13(41.9)

3 16(6.7) 1(3.2)

Unknown 9(3.8) 1(3.2)

*CKD -Chronic Kidney Disease, Stage 1 (GFR >90ml/min/1.73m2), Stage 2 (60 - 89), Stage
3 (30 - 59), Stage 4 (15- 29), Stage 5 (<15). GFR was estimated using the Schwartz

formula.



11.3.4. Characteristics of Treatment Variables

Treatment variables were then analyzed for patients presenting with hyperlactatemia and
those without. Both groups were analyzed by each drug taken and then according to the
combinations of NRTIs taken by the patients and the results are depicted in fig 12 and table
15 below respectively. No statistically significant difference was found between the two
groups of patients. In studies involving adults, patients on stavudine were reported to have
higher prevalence of hyperlactatemia. Zalcitabine was only used in one patient who had

treatment failure after drug resistance tests.

90
p 0.288

80 i Lactic acid level Normal
2 70 p 0.406

60 i Lactic acid level Abnormal
V50 b 0.819
i 40
v> 30 p009 PO 284
¢ 20 0 0.714

10 -

F a T 1
AZT DAT ABC DDI DDC
NRTI

*AZT = Zidovudine, D4T= Stavudine, 3TC = Lamivudine, ABC = Abacavir, DDI
Didanosine, & DDC = Zalcitabine

Figure 11: Correlation of Hyperlactatemia with each NRTI
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Table 15: Correlation of Hyperlactatemia with Various NRTI corrt «at / s

NRTI Lactate evel N (%) 95% C.I

combination* Normal | Abnormal | P value OR | lower upper
AZT-3TC-NVP/EFV | 122 (90.4%)  13(9.6%) Reference group
fe3TC-NVP/EFV 18(78.3%) | 5(21.7%) 101 2.607 830 | 8183
ABC-3TC- 52(91.2%) |  5(8.8%) 852 902 | 306 2661
AZT/NVP/EFV/Kal

Other 4(80.0%) 1(20.0%) 460 2.346 244 | 22689

'AZT = Zidovudine, 3TC = Lamivudine, NVP = Nevirapme EFV Elavrence. ABC B

Abacavir, Kal = Kaletra (Ritonavir boosted Lopinavir)

Patients receiving regimen containing stavudine were noted to have increassd rtok (OR 2 6)

of developing hyperlactatemia relative to those on zidovudine but this was slat stocai y

insignificant. The patients receiving other NRTIs included those on didanosme. lenofovtr

and zalcitabine and although as a grouped had an increased risk, this was st.itist.cany

insignificant.



12.

DISCUSSION

The prevalence of hyperlactatemia among children receiving HAART consisting of
NRTIs at Kenyatta National Hospital was found to be 11.8% majority of whom had
mild elevation (89.9%).

The prevalence was found to be significantly highest in the children who were aged
6-<10 years (17.9%), followed by those aged 2 - <6 years (13.6%) compared to
patients who were >10 years. These prevalence rates were similar to those reported
in studies done in USA, Europe, and West Africa (W). Children who were 6 -<10
years were also 5.8 times (O.R 5.8; 95% CI 1.7 - 20.9, p = 0.006) and those 2-<6
years were 4.3 times (O.R 4.3; 95% CI 1.2 - 15.7, p= 0.029) more at risk for
hyperlactatemia than those who were >10 years. One prospective study reported a
higher incidence of hyperlactatemia among children less than 3 years . The reason
for this difference is not apparent from this study but may indicate the need for
surveillance in children below 10 years.

Hyperlactatemia did not have any correlation with the baseline or current WHO
disease stage and immunologic status (CD4 count or percent). There was also no
correlation with nutritional state of the patients.

Analysis of the monitored laboratory data for these patients did not reveal any
correlation with hyperlactatemia. Despite the fact that a high prevalence of renal
dysfunction was observed among the children in this study and that renal function
accounts for 30% clearance of lactic acid, there was no correlation between the
occurrence of hyperlactatemia and renal dysfunction. Urinalysis for proteinuria was
not evaluated for these patients during the study and most patients had no available
previous results for further analysis. Correlation between hyperlactatemia and other

laboratory indices was also explored including liver function (monitored using ALT),
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hematologic parameters (Hemoglobin level, White cell count, Platelet count). No
correlation was found between hyperlactatemia and any these other variables.
Analysis of the various symptoms and signs exhibited by patients found to have
hyperlactatemia in comparison to those without hyperlactatemia did not show any
correlation. Therefore no symptoms or signs can specifically be used to clinically pick
out patients likely to have hyperlactatemia in children taking NRTIl-based HAART
from the results of this study.

Generally the children recruited into the study had received treatment for a mean of
35 months and showed marked improvement in clinical staging of disease. This was
indicated by an increase in the median CD4 count and CD4 percent from 522
cells/ml and 12% respectively to the current values of 933 cells/ml and 26%
respectively. In addition the proportion of patients who had a baseline WHO disease
stage of 3 or 4 had reduced from 88% to 29% with most now in stage 1 and 2 (71%).
No prospective studies in children have been published yet to indicate the trend of
lactic acid levels in children, although those in adults show a mild increase in
baseline levels in adult patients on similar medications.

Limitations of this study include the cross-sectional design; therefore it provides only
a snap-shot of the lactic acid levels in these children without an indication of the
trend. There was also a lack of reference values for lactic acid level in African
children on treatment with HAART. Some data had to be abstracted from patient's

files which made it difficult to verify some of the information hence the assumption

that all the data had been recorded with due accuracy.
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13. CONCLUSIONS

1. There is a high prevalence of hyperlactatemia among children receiving NRTI-
based HAART at Kenyatta National Hospital with the overall prevalence being
11.8% for the study population. Most of these patients (89.9%) had mild
hyperlactatemia.

2. Prevalence of hyperlactatemia was relative highest among children less than ten
years (2 to <6 years = 13.6%, 6 to <10 years = 17.9%) who also had a relatively
higher risk for developing hyperlactatemia of 4.2 and 5.8 times respectively

compared to children above ten years.

14, RECOMMENDATIONS

We recommend the determination of baseline lactic acid level for patients on NRTI-
based antiretroviral therapy and follow-up levels three months later for those found to
have increased levels to determine the trend especially for children below ten years.
While it is reassuring that the rate of life threatening lactic acidosis is low, there is

need for further prospective studies to evaluate the trend of lactic acid levels in

children receiving NRTI-based therapy.
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Appendix |
ASSENT FORM

(For Children 7 to 13 years)

Study Title: Prevalence of Hyperlactatemia among Children with HIV/AIDS on Nucleoside Reverse
Transcriptase Inhibitor based Highly Active Antiretroviral Therapy.

Principal Investigator: Dr. Peter K. Mashep (Tel: 0720 241707. or address below)
Supervisors: Dr. Elizabeth M. Obimbo and Dr. Ahmed M.R. Laving

What is a research study?
We wan! to tell you about a research study we are doing. A research study is a wa, to leam more about

something.
Why are you being asked to be a part of this study?

We would like to find out more about a prcblem called hyperlactatemia which

sick and take medicine like the ones you are taking My day. You are # * J A J ,
because you take these medicines every day. About three hundred other oh,Wren are expected ,0

study.

If you join the study what will happen to you?
You Wn be asked some questions by one o. the dxtors to answer with the m p of your

about how you are feeling and how you feel when you take » / * J A t S
and.all you are and then exartne you by looking a, your head, face * bePdoneonty

Afterwards we will use a needle to take some blood from your amn be wjth you
once and we will no. require you to visit again for this research. Your parent/guard,an

throughout the process.

Will any part of the study hurt?

You will feel a pinch when we use the needle to 9" ® *'*o*way a*a *days?rrr A A e
the needle touched your skin. Like other black marks, it will go away aftera = aays

Will the study help you and other children?

The study wil, help you by showing any bad effects of* A X S A» T a A
doctor can do something about it. We may also leam someinmy



and have to take medicine like yours every day. This study will also help us learn more about your sickness
and the medicine we use to treat you and other children so that we can treat all of you better.

Do you have to be in the study?

You do not have tojoin this study. Itis up to you. You can say okay now and change your mind later. All
you have to do is tell us you want to stop. No one will be mad at you if you don't want to be in the study or if

you join the study and change your mind later and stop.
What choices do you have if you say no to this study?

This study is optional and additional. If you choose not to join nothing will change about your
treatment/care.

What about your privacy?

This study has explained to your parents and they said that we could ask you if you want to be in it. You can talk
this over with them before you decide. The doctor will not about what you what you tell us to anyone else except

people working with him/her. If the doctor needs to talk to anyone else about you he/she will ask you and your
parents if it is ok.

What if you have any Questions?

Before you say yes or no to being in this study, we will answer any questions you have. If you join the
study, you can ask questions at any time. Just tell the doctor attending to you that you have a question.

If you have any questions about this study later please feel free to contact principal investigator or any of
the supervisors through the contacts provided above.

Other information about the study.
+ Ifyou decide to be in the study, please write your name in the space below.
* You can change your mind and stop being part of it at any time. All you have to do is tell the person in
charge. It's okay. The researchers and your parents won't be upset.
*  You will be given a copy of this paper to keep.

(Sign your name here) Date

Principal investigator's name Signature of Investigator & Date
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APPENDIXVIII
CONSENT FORM

[For Parents/Guardians and Children > 14 years)

Study Title: ~ Prevalence hyperlactatemia in children on highly active antiretroviral therapy at the
Kenyatta National Hospital comprehensive care centre.

Investigator:  Dr. Peter K. Mashep (Tel: 0720-241707)

(MMED Student, Department of Paediatrics and Child health, University of Nairobi, P.O.
Box 30197 - 00100, Nairobi.)

Supervisors:  Dr. Elizabeth M. Obimbo and Dr. Ahmed M.R. Laving

(Lecturers, Department of Paediatrics and Child Health, University of Nairobi, P.O. Box
30197 - 00100, Nairobi.)

Investigators Note: The aim of this form is to give you some information about the study to help you
decide whether or not your child will be part of the study.

Introduction: Treatment of HIV with antiretroviral drugs has improved the lives of many infected children
and many of them are living healthier and longer lives. However just like other medications for other
medical conditions, these drugs do have adverse effects a number of which your child is being monitored
for regularly. Increased lactic acid in blood is one of the known side-effects of these medications which in
some patients may be very high and cause illness. The purpose of this study is to find out how common
this problem is and the symptoms such children with high lactate levels have to enable us identify them

earlier and accurately for us to treat them.

Procedure: | will ask you some questions about you and your child. Then | will conduct a physical
examination on your child and take his weight and height/length. Finally, | will draw a 4ml blood sample
once while blood for other regular tests if any is being taken. The sample will be taken to the laboratory for
testing of lactic acid level.

Risks: Your child might experience some pain when the blood sample is taken because of being pricked
No other risk is foreseen.

Benefits: You will not be charged for the blood test and the result will be communicated to the doctor so
that your child may be treated if necessary.



Confidentiality: The information you give will be held in the strictest confidence and will only be shared
with the doctor treating your child for the benefit of the child in terms of treatment and care.

Reassurance: Should you opt not to participate the treatment of your child will not be interfered with in any
way. You may withdraw from the study at any time without explanation or consequence.

Ethical consideration: | have approval from the Ethics and Standards Committee to carry out this study. If
you have any enquiries concerning this study you may contact the ethical committee through the address

below:

The Chairperson, KNH/UON-Ethics Review Committee, Kenyatta National Hospital, Hospital Rd, along
Ngong Rd. P.O. Box 20723, Nairobi, Tel: 726300-9, Fax: 725272

ASSENT/ CONSENT FORM FOR PARTICIPATION IN THE RESEARCH STUDY

I/my parent or legal guardian have read the previous page(s) of the consent form and the investigator has
explained the details of the study, I/my parent or legal guardian understand that | am free to ask additional

questions.

If I/my parent or legal guardian wish to get additional information regarding this research and my rights as a
research subject, or if I/my parent or legal guardian believe | have been harmed by this study, I/my parent
or guardian may contact the: The Chairperson, KNH/UON-Ethics Review Committee, Kenyatta National
Hospital, Hospital Rd, along Ngong Rd. P.O. Box 20723, Nairobi, Tel: 726300-9, Fax: 725272

I/my parent or legal guardian is aware that this is a research project and that unforeseen side effects may
occur.

I/my parent or legal guardian understand that there is no formal program for compensating patients for
medical injuries arising from this research. Medical treatment will be provided for injuries at the usual
charge to me or to my insurer unless payment is otherwise provided for in this consent form.

I/my parent or guardian understand that participation in this study is voluntary and I/my parent or legal
guardian may refuse to participate or may discontinue participation at any time without penalty, loss of
benefits, or prejudice to the quality of care which | will receive.

I/my parent or legal guardian, acknowledge that no guarantees have been made to me regarding the
results of the investigations involved in this study, and | agree to participate in the study and have been
given a copy of this form.
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To indicate that you understand the conditions of this study and that you consent (accept) for your child to
participate in it, please sign or put your thumbprint in the space provided below.

STUDY SUBJECT DATE

PARENT OR LEGAL GUARDIAN DATE  (subjectis a minor)

The subject has been given the opportunity to read a description of the protocol, to ask questions before

signing, and has been given a copy.

SIGNATURE OF INVESTIGATOR &

PRINCIPAL INVESTIGATOR'S NAME
DATE



APPENDIX 1l

QUESTIONNAIRE
a) Socio-Demographic Data
Study Code: IP No PEPFAR NO.
Age: D.O.B: Sex:
Father's tribe Mother's tribe
Residence: (District, Location, Sub location, Estate/Village)
Mobile:.

1. Who is (are) the primary caretaker(s)?

relationship)

2. Educational level of the caretaker (Indicate number of years completed)

(specify

3. Does anyone in the household have a regular income?
a. Yes: No -

b. If yes. how much?

KSH

4. How many rooms do you live in?

b) Disease Stage

Baseline

Most Recent

Value

Date Value

Date

WHO stage

CD4 count

CD4 percent

Viral load

c) Nutritional status (Appendix V)

Measurement

Actual value

Height/Length (nearest 0.1 cm)

Weight (nearest 0.1 kg)

2=
Surface Area {m 3600

Height (m)x Weight (Kg) ,
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d) Treatment History:

5. When did the child start taking HAART?. (Date)

6. What regimen of ART is the child currently on?

1st Line 2rd Line Salvage

Drug Dose Dose mg/kg or | Appropriateness'. Duration
received mg/m? (H=High; L= Low; received (nearest
(mg) A=Appropriate) Months)

NRTI

Zidovudine (A2T)

Stavudine (D4T)

Lamivudine (3TC)

Abacavir (ABC)

Didanosine (DDI)

Emtricitabine
(FTC)

NtRTI

Tenofovir (TDF)

NNRTI

Nevirapine (NVP)

Efavirenz (EFV)

Pl

LPVIr LPV

(Kaletra) | R

Nelfinavir INFV)

Ritonavir (RTV)

Indinavir (IDV)

Atazanavir (ATV)

Saquinavir soft
gel(SQV)

Saquinavir hard
gel(sQv)

Amprenavir (APV)

Other (specify)

'Check Ministry of Health paediatric and adolescent dosage charts Appendix VI & VI



7. Was the child on a different regimen before?
Yes ¢ No
If yes

a) What regimen and for how long did the child take it?
Duration Months

b) Why was the regimen changed?

8. Did the child miss to take ARV in the last 7 days?
Yes ¢ No -
If yes, how many times and why?

times, due to

9. Who usually gives the child the ARVs?
10. Is the child on multivitamin supplements?
Yes ¢ Non

If yes specify_

11. Is the child on any nutritional sup