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ABSTRACT

Background: HIV nephropathy (HIVAN being the commonest) remains one of the important
noninfectious complications of HIV infections, affecting especially children of Sub Saharan Africa
and African-Americans origin and is the third leading cause of end-stage renal disease (ESRD)
among blacks. Currently the definitive diagnostic method for diagnosing HIV nephropathy is kidney
biopsy, an invasive technique which requires special skills and which could pose potential risks for
clients’ aside the fact that the technique is not available in majority of the health — care facilities
attending to and administering antiretroviral therapies (ARTs) in Ghana. The study determined the
prevalence of dipstick microalbuminuria and proteinuria among the study participants and also
established the prevalence of HIV nephropathy using eGFR < 60 ml min'1.73 m™ in addition to
microalbuminuria and or proteinuria among the HIV positive participants. Materials and methods:
A total of 530 participants, including 380 HIV infected children (cases) and 150 HIV negative
children (controls) attending three different ART centers namely Suntreso Government Hospital,
Agogo Presbyterian Hospital and Komfo- Anokye Teaching Hospital all in the Ashanti Region were
involved in the study. Five (5) mls of blood specimen was collected from each participant through
a venesection into a serum gel separator tube (3mls) and an ethylenediamine tetra acetic acid
(EDTA) tube (2mls). The serum samples were analysed for creatinine and cystatin-C while the
EDTA samples were analysed for full blood count (FBC) and CD4 count. Additionally, urine
samples were collected and urinalysis as well as microalbumin determination was done for each
subject. Urine deposits were examined microscopically for urinary sediments.

Results: There was no significant difference in age between the case group (HIV infected
participants) and control group (HIV negative participants) (7.4 + 2.6 and 7.5+ 2.5years, p=0.7729
respectively). The control group were significantly heavier (20.2 + 6.6 kg) when compared with the
case group (18.7 + 6.7, p=0.0232). BMI was significantly higher in the control group (15.6 = 2.0 kg
m™) compared with the case group (14.7 £ 1.8 kg m™, p<0.0001). The proportion of participants
within the case group who were on drugs was 77.1%; mean duration of infection of 3.7 & 2.4 years
with a mean duration on drugs of 3.1 £ 2.2 years. A Chi-square for trend analysis showed a
significant difference in the number of the participants within the sub-categories of growth with
11.3% of the case group falling within the category of grade 3 thinness compared to 2.0% for the
control group. 8.6% of the participants within the case group versus 4.0% of the participants within
the control group had grade 2 thinness. 12.7% of the participants within the case group and 9.4% of
those within the control group were within the grade 1 thinness category. The case group had
significantly higher proteinuria 47(13.0%) compared to the control group 0(0.0%); p < 0.0001.
Similarly microalbuminuria was significantly higher in the case group 95(26.2%) compared to the
controls 9(6.0%); p < 0.0001. Again urinary cast and crystals were significantly higher in the case
group compared to the controls 35(9.7%) and 2(1.3%); p = 0.001 and 30(8.3%) and 0(0.0%); p=
0.0003 respectively. Other urinary deposit elements such as yeast like cells were also significantly
higher in the case group 16(4.4%) compared to the control group 0(0.0%); p=0.0091.The prevalence
of HIV nephropathy (eGFR <60 ml min™! 1.73 m with microalbuminuria and or proteinuria) using
creatinine-based (Schwartz, Counahan-Baratt and Leger equations) and Cystatin C-based (Larsson,
Rule and Zapittelli equations)eGFR equations were 27.6%, 29.1% and 29.6% for Leger, Counahan-
Barat and Schwartz equations and 21.1%, 28.2% and 30.6% for Rule, Larson and Zapittelli
respectively.

Conclusion: Microalbumin and proteinuria are prevalent among children living with HIV/AIDS in
Ghana. These in association with eGFR< 60 ml min™'1.73 m™ estimated using either a creatinine or
cystatin-C based equation could be the easiest, cheapest, readily available and fastest way of
diagnosing HIV nephropathy among such children.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 BACKGROUND

Human immunodeficiency virus (HIV) is known to cause acquired immunodeficiency
syndrome, a condition in humans in which the continuous failure of the immune system
allows life-threatening opportunistic infections and cancers to thrive (Alarcon et al.,
2012; Okolie et al., 2003). Characteristically, the infection is associated with a cellular
CD4 T- lymphocyte depletion (Hazenberg et al., 2000). It is blood-borne and is usually
transmitted via sexual intercourse, shared intravenous drug paraphernalia, and from
mother-to-child (MTC); a transmission which can occur during the birth process or
during breastfeeding ( Foy et al., 2013; Busza et al., 2012). The infection is regarded
an epidemic by the World Health Organisation (WHO) and from its discovery in 1981
to 2006; AIDS has killed more than 25 million people (Joint United Nations Programme
on HIV/AIDS), (Mofenson et al.,2009; Chaudhary et al,2010).The World Health
Organization (WHO) approximated that in 2005 there were about 2.3 million
worldwide cases of childhood HIV infection with about 90% (2.1 million) of these

children living in sub-Saharan Africa ( WHO,2005; Ikpeme et al., 2012)

Ramifications associated with the infection appears to be relatively on a decline due to
or partly as a result of the introduction and use of anti-retrovirals (ARVs) often referred
to as Highly Active Anti-Retroviral Therapy (HAART) (Chopra et al, 2013;
Luetkemeyer et al, 2014). Documented pulmonary complications include
pneumocystis jirovecii pneumonia, tuberculosis and other bacterial pneumonia such as
those of Streptococcus pneumonia and haemophilus influenza (Capocci and Lipman,
2013; Chopra et al., 2013). Pulmonary complications due to fungal infections are

mostly those of Cryptococcus species (Estébanez-Mufioz ef al., 2012). Central nervous



system complications associated with HIV infection include cerebral toxoplasmosis,
cryptococcal meningitis, progressive multifocal leucoencephalopathy,

HIV encephalopathy and peripheral neuropathy and myelopathy (Pipkin et al., 2011;
Bratton et al, 2012; Pongmekin et al, 2014). There are documented ocular
complications (Chisti et al., 2013; Chopra et al, 2013) as well as various tumours

(Kaposi’s sarcosis and non-Hodgkin’s lymphoma) (Pipkin et al.,2011).

Kidney disease is one of the important non-infectious complications of HIV infections,
particularly in Sub Saharan Africa and among African-Americans (Blasi et al., 2014a;
Canaud et al., 2014; Andiman et al., 2009; Gupta et al., 2005a). A variety of kidney
disorders, acute or chronic may occur during the course of the infection

(Anupama and Uma, 2014; Daher et al., 2014; Imani et al., 2013; Ando et al., 2012;
Atta, 2010; Kalim et al., 2008). These diseases are more or less tightly linked with the
virus, the expression of HIV genes in the kidney and the interaction of HIV proteins
with renal cells (Blasi ef al, 2014; Canaud et al, 2014; Ikpeme et al, 2012).
Approximately 50-60% of renal disease associated with HIV infection may be
considered “classic” HIV-associated nephropathy (HIVAN). HIVAN is thus the most
common form of chronic kidney disease resulting directly from HIV infection (Ikpeme
et al., 2012; Anochie et al., 2008) and which often comes with proteinuria as the first
sign (Chaparro et al., 2008; Ramezani et al., 2008). HIVAN is typically characterised
by Nephrotic range proteinuria, azotaemia, low serum albumin, normal to large
echogenous kidneys on ultrasound images, and focal segmental

glomerulosclerosis (FSGS) on renal biopsy findings (Murray ef al.,2014; Allan, 2011;
Atta et al., 2005). Globally the incidence of HIV-associated kidney disease in children
has been estimated at between 2% and 5% but this could be as high as 15% in

populations of African descent (Ando ef al., 2012). The pathogenesis of HIVAN like



other HIV nephropathies involves direct HIV infection of the kidney, with both viral
and host genetic factors playing an important role (Kalim et al., 2008). The use of
nephrotoxic drugs such as Tenofovir as first-line antiretroviral (ARV) drugs could make
people living with HIV/ AIDS (PLWHA) more susceptible to kidney diseases than the

rest of the population (Bouthemy et al., 2013; Ando et al., 2012; Daugas et al., 2005).

1.2 HYPOTHESIS
The prevalence of HIV nephropathy remains unknown among children living with HIV

in Ghana due to limited access to confirmatory diagnostic tests.

1.3 PROBLEM STATEMENT

HIV nephropathy is a rapidly progressive form of chronic kidney disease; a condition
highly associated with mortality (Anupama and Uma, 2014; Ikpeme et al., 2012; Atta,
2010; Anochie et al., 2008; Fine et al., 2008). Early identification is important since
appropriate therapeutic interventions could delay disease progression (Grinsztejn et al.,
2014). Traditionally, tests for kidney function commonly used for diagnosing renal
disease involves a urine test; a simple “dipstick” followed by microscopy. Other tests
include serum urea, creatinine and rate of creatinine clearance (Nagai et al, 2013;
Westland et al., 2013; Prigent, 2008; Ledger, 2006). Predictive equations used in
estimating and assessing kidney function are heavily affected by factors such as age,

sex, race and body mass which affect creatinine.

Currently the definitive diagnostic method used for diagnosing HIV nephropathy is
kidney biopsy, an invasive technique which requires special skills and which could
pose potential risks for clients’ (Fine ef al., 2008) aside the fact that the technique is

not available in majority of the health — care facilities attending to and administering



antiretroviral therapies (ARTs) in Ghana. This case control study seeks to address this

obvious diagnostic challenge.

1.4  JUSTIFICATION

HIV-related renal dysfunction is associated with high mortality (Andiman et al., 2009).
Recent recommendations to include the nephrotoxic drug Tenofovir in firstline ART
regimens in Ghana could worsen the situation (Giacomet ef al., 2013; Msango et al.,
2011). Again the relative lack of surveillance and reporting on kidney diseases
especially among children compounded by the seemingly absence of renal biopsy for
histological confirmation for children living with HIV who have proteinuria, as a result
of high cost, non-availability and prolonged turnaround time makes getting a surrogate
for confirming HIV nephropathy a necessity in resource poor countries such as Ghana.
A relatively cheaper, less invasive and easily accessible technique which does not
compromise the quality of diagnosis would make it less burdensome for such clients
and make it possible for more people to be diagnosed early for appropriate therapeutic
intervention. Additionally the prevalence of HIV nephropathy in the Ashanti Region
would be known and stimulate appropriate remedial measures to avert the progression

of the condition.

1.5 AIM
The study aimed at finding a relatively easy, less invasive, timely and an affordable way
of diagnosing nephropathy among children living with HIV in Ghana without

compromising the quality of diagnosis.

1.5.1 Specific Objectives

The specific objectives of the study were:



1. To describe the demographic, haematological and biochemical characteristics

of the study participants.

2. To determine the prevalence of dipstick proteinuria, microalbuminuria and

common urinary deposits among study participants.

3. To describe the anthropometric outcomes of the study participants using varied

growth reference estimations.

4. To compare the use of cystatin C and creatinine in the estimation of GFR as a

diagnostic tool for muscle wasting diseases like HIV in children.

5. To estimate GFR using appropriate equations and to find the prevalence of
HIVAN using eGFR< 60 ml min' 1.73 m?, with microalbuminuria and or

proteinuria as definition for HIV nephropathy.

6. To explore the identification of suitable alternative biomarkers for HIV

nephropathy in resource poor settings.

CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 HIV NEPHROPATHY

The human immunodeficiency viral infection is associated with a variety of kidney
diseases, HIV-associated nephropathy (HIVAN) being the commonest and the third
leading cause of end-stage renal disease (ESRD) within persons of African and or black
origin aged between twenty (20) and sixty (60) years (Ikpeme et al., 2012; Anochie et

al., 2008). As the far-flung use of competent antiretroviral therapy increases, the



preponderance of persons living with HIV developing renal disease and ESRD also
increases (Pipkin et al., 2011; Daugas et al., 2005). Renal disease seems to

be comparatively the commonest ramification in patients with human
immunodeficiency virus (HIV) disease (Ikpeme et al., 2012; Anochie et al., 2008). HIV
renal disease could result from the direct infection of the kidney by HIV or from the
contrary effects of antiretroviral drugs (Blasi ef al., 2014; Jayadev and Garden, 2009;
Daugas et al., 2005). Additionally, patients with HIV disease are more exposed to
developing pre-renal azotaemia due to volume depletion resulting from salt wasting,

poor nutrition, nausea, or vomiting (Ahuja et al., 2004).

The commonest type of HIV-associated nephropathy is a collapsing focal segmental
glomerulosclerosis (FSGS), though other forms of kidney disease could occur with
HIV. Trrespective of the underlying health condition, renal disease in HIV-positive

patients is affiliated to high risk of death (Ahuja et al., 2004).

HIV nephropathy when caused by the direct infection of the renal cells by HIV-1, have
impairments which result from viral gene products (Rao et al., 2014; Jayadev and
Garden, 2009). These impairments could also be as a result of alterations in the release
of cytokines during HIV infection. It usually occurs only in advanced disease and
approximately 80% of patients with HIV nephropathy have a CD4 count of less than
200 (Coulibaly et al., 2013). HIV nephropathy presents with nephrotic syndrome and
progressive renal failure. Despite being a cause of chronic renal failure, kidney sizes

are usually remain unchanged or enlarge (Coulibaly ef al., 2013; Atta et al., 2005).

2.2 INCIDENCE AND RISK FACTORS
Renal impairment is an important co-morbidity of HIV, regardless of whether it is

caused by the direct effects of HIV in the kidney (e.g. HIVAN) (Rao et al., 2014;
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Jayadev and Garden, 2009), or is as a result of factors related to HIV such as
opportunistic infections (e.g. tuberculosis [TB] ) and adverse drug use (e.g. Tenofovir
[TDF]) (Prasitsuebsai et al.,, 2014; Rao et al.,, 2014; Alarcon et al., 2012; Lescure et
al.,2012; Daugas et al.,2005). Renal impairment is more common in HIV patients of
African origin compared to those of Caucasian origin and has been shown to be an
important predictor of early mortality in patients starting antiretroviral therapy (ART)
in western as well as Africa settings (Ikpeme et al., 2012). The preponderance of renal
impairment in cohort studies of HIV-positive patients have varied depending on the
clinical status of the patients and the definition of renal impairment used (Alves ef al.,

2010).

Predisposing factors for HIV nephropathy include black race, male gender, history of
injection drug use, hepatitis B and C antibody, decreased CD4+ cell count, and
concurrent AIDS-defining condition (Di Biagio et al., 2011; Alves et al., 2010). Little
risk factor information exists for other renal disease histologies probably due to the
relatively low incidence for each type of disease among HIV-positive persons. Despite
the understanding that HIV can infect cells within the kidney and establish renal viral
reservoirs leading to HIV nephropathy (often HIVAN) and other renal diseases there

appear to be limited work to confirm this fact (Alves et al.,2010)

Preponderance of HIVAN higher than 50% have been reported in recent times from
several centres where patients have access to HAART (Ikpeme et al., 2012). The
reported nephropathy risk factors appear relatively different from those observed in the
pre-HAART era, ranging from increased patient age to higher viral load, lower CD4 T-
cell count (Antoniou et al., 2005), use of Nucleotide Reverse Transcriptase

Inhibitors (NRTIs) and exposure to protease inhibitor (PI) medications (Ando et al.,

2012). Furthermore, survival among those with HIV nephropathy has been shown to



improve with increasing CD4+ cell count, decreasing serum creatinine and proteinuria
levels, increasing haemoglobin level, and the receipt of corticosteroid therapy (Popova

et al.,2013).

2.3 STAGING AND CLINICAL FEATURES

HIV nephropathy, particularly HIVAN is a World Health Organization (WHO) clinical
stage I'V condition, which means the need for ART regardless of their CD4 count (Ando
et al., 2012; Lescure et al., 2012; Domingo et al., 2010). ART is the main effective
treatment for this condition, which otherwise leads to end-stage renal failure(Sexton et
al., 2014; Bansi et al., 2009). Identification of HIVAN and other forms of renal
impairment is important in patients in all clinical stages of HIV disease; however, it is
crucial in those with clinical stage I and II, since these patients might not otherwise be

identified to be in urgent need of ART (Anochie et al., 2008)

Majority of people with HIVAN are of African origin with the condition portraying late
in the pathogenesis of HIV-1 infection (Ikpeme et al., 2012; Anochie ef al.,

2008). Even though most of such patients are known to be HIV-1 seropositive for
several years and have CD4 counts less than 200 x 10° cells/l at the time they are
diagnosed with HIVAN, there are reports suggesting HIVAN could occur in the setting
of acute HIV-1 seroconversion (Ezeonwu et al., 2012). As a lot more patients are
screened early in the course of HIV-1 infection for renal disease, it is foreseeable that

many more cases will be discovered (Ezeonwu et al.,2012; Estrella and Fine, 2010).

Diagnosis of HIV nephropathy is made when patients have severe proteinuria,
commonly, but not always, in the nephrotic range (3.5g/day or greater) (Ikpeme et al.,
2012; Ramezani et al, 2008; Atta et al.,2005). Majority of HIV patients with

nephropathy additionally have advanced renal failure at the time of diagnosis although



Burns et al., (2003) have reported a cohort of patients with HIVAN and mild renal

insufficiency with a mean serum creatinine of 114.9umol/l.

Notwithstanding of the presence of proteinuria that is often in the nephrotic range, more
patients with HIVAN do not have noticeable peripheral oedema (Chaparro et al., 2008;
Atta et al., 2005). Additionally, patients with HIV nephropathy are normally not
hypertensive, a significant finding considering that more than 90% of black patients
with renal insufficiency of other causes exhibit hypertension. These observations
together with the findings that HIV-seropositive patients often have a decreased ability
to conserve sodium suggest that HIV nephropathy could be a saltwasting disease

(Marik, 2014).

Laboratory investigations are not specific in HIV nephropathy except biopsy. Serologic
studies are usually negative although a significant percentage of HIV-1 seropositive
patients are co-infected with hepatitis C virus (HCV) (Gluhovschi et al.,

2014; Gupta and Singh, 2006) Because membranoproliferative glomerulonephritis
(most often related to HCV infection) is frequently diagnosed in HIV-seropositive
patients with renal disease the presence of positive HCV serologies in an HIV infected
patient with renal disease increases the need for renal biopsy (Gluhovschi et al., 2014;
Gupta and Singh, 2006). Urinalysis results often appear normal but for proteinuria and

hyaline casts (Chaparro ef al., 2008).

In most chronic renal diseases, the kidneys become progressively smaller as renal
failure progresses. In HIVAN, however, renal ultrasound commonly reveals bilateral

echogenic kidneys that are often enlarged (Allan, 2011; Vourganti et al., 2010)

Despite the reporting of this finding by several authors, not much has been done about

the predictive value of renal ultrasound to rule in or exclude the diagnosis of HIVAN



(Vourganti et al., 2010). The only reliable test to confirm or rule out the presence of
HIVAN is renal biopsy (Fine et al.,2008). In patients who are HIV-1 seropositive and
undergo renal biopsy, in whom clinical suspicion of HIVAN is high, 40-55% are
diagnosed with other forms of renal disease (Bani-Hani et al., 2010). Since firmly
establishing the diagnosis of HIVAN versus a different renal disease is important to
guide treatment and provides prognostic information, clinicians would need to have a
low threshold for obtaining renal biopsies in HIV-1-seropositive patients with
significant proteinuria and/or renal insufficiency (Sexton et al., 2014; Bani-Hani et al.,

2010).

2.4 COMPLICATIONS

Renal function irregularities are present in a greater proportion of patients with HIV
infection (Zoja et al., 2014). HIV-associated renal diseases have become a relatively
common cause of end-stage renal disease (ESRD) requiring dialysis and seems to be
related to the rate of progression to AIDS and death, (Bansi ef al., 2009). Renal failure
is a well-recognized consequence of HIV infection, even without clear signs of AIDS
(Rao, 2001). The pathological scope for progressive renal failure is well-documented
in literature. Collapsing focal and segmental glomerulosclerosis is often noted in
patients with HIV who have a rapid diminution in kidney function, especially the
African-American patient, (Valeri et al., 1996). With the advent of aggressive
antiretroviral therapy, the ambit of HIV related nephropathy is changing (Betjes et al.,
2001). Complications of treatment are equally documented (Grinsztejn et al., 2014).
Complications of HIV nephropathies include; acute renal failure as well as chronic HIV

nephropathies.
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2.4.1 Acute renal failure

Acute renal failure (serum creatinine > 2 mg/dl) of higher incidence has been reported
in a number of hospitalised HIV infected patients compared to non-HIV infected
patients (Bae et al., 2014). Acute renal failure (ARF) in HIV patients is often times
prerenal azotaemia or acute tubular necrosis (ATN) due to diarrhoeal diseases,
infection, septicaemia, bleeding, hypoalbuminaemia, or nephrotoxins (Maggi et
al.,2012). Recent studies highlight an increased incidence of HIV — associated
thrombotic microangiopathies and rhabdomyolysis, the latter from the use of statins in
combination with HAART (Shah, 2012). Post-renal ARF due to tumour, lymph nodes,
retroperitoneal fibrosis, or crystalluria due to Indinavir, acyclovir, or sulphadiazine is
rare. Renal biopsies in thirteen (13) patients of severe ARF (where pre-renal or ATN
could not be suspected) in a study showed haemolytic uraemic syndrome (HUS) in
53%, ATN in 40%, obstructive renal failure due to crystalluria in 26%, HIV associated
nephropathy (HIVAN) in 23%, acute interstitial nephritis in 3%, and various other

glomerulopathies in 6% (Atta, 2010)

2.4.2 Chronic HIV nephropathies

Currently, HIV infected patients make up about 1-2% of ESRD population. Three types
of chronic kidney diseases are directly caused by HIV infection, namely, HI Vassociated
thrombotic microangiopathies; HIV-immune mediated glomerulopathies, and classic
HIV-associated nephropathy (Ando ef al., 2012; Atta, 2010; Kalayjian, 2010; Khan et

al.,2006).

2.4.2.1 HIV-associated thrombotic microangiopathies
Thrombotic microangiopathies involving the kidney was first described in AIDS
patients in mid 1980s (Kuzmanovi¢ et al., 2014; Shah, 2012). Subsequently, several

cases have been reported worldwide and this appears to be the most common micro
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vascular injury associated with HIV infection. Thrombotic thrombocytopenic purpura
(TTP) and haemolytic uraemic syndrome (HUS) are characterised by microangiopathic
haemolytic anaemia with renal insufficiency along with other features such as
thrombocytopenia, fever, and neurological changes. TTP traditionally has less extensive
renal failure and anaemia, while thrombocytopenia is most prominent. In contrast, the
microangiopathic haemolytic anaemia predominates in HUS and renal dysfunction may
be extensive. The preponderance of TTP/HUS in HIV infected patients has been
reported to vary widely. The clinical presentation of HIV- associated TTP/HUS is
similar to the idiopathic form except for the demography. HIV associated TTP/HUS is
a disease of the young (mean age of 35 years) with 80% male predominance. The
prognosis is worse than the idiopathic form, with a mortality of 66% to 100%. Massive
proteinuria is uncommon, which helps to differentiate it from immune mediated disease
and HIVAN (Kuzmanovic¢ et al., 2014;

Chandran et al., 2013).

Renal histology shows platelet and fibrin thrombi in glomerular capillaries, renal
arterioles, and interlobular arteries. Tubuloreticular inclusions are seen in endothelial

cells in blood vessels on electron microscopy. (Kuzmanovi€ et al., 2014)

The pathological process of TTP/HUS is centred on the direct endothelial damage.
Renal cellular programmed cell death and the suppression of von Willebrand factor-
cleaving protease may play key pathogenic roles. HIV — TTP/HUS has poor prospects
with a one-third fatality rate in acute phase of the illness despite aggressive treatment
regimens. HAART appears useful in refractory cases but plasmapheresis remains the
anchor of therapy for HIV-associated thrombotic microangiopathies (Kuzmanovi¢ et

al., 2014; Shah, 2012)
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2.4.2.2 HIV-associated immune - mediated glomerulopathies

The preponderance of proliferative glomerulonephritis varies between 10%and 80% in
various autopsy and biopsy studies in HIV infected patients (Chandran et al., 2013;
Gindea et al., 2010). While the HIV- associated glomerulosclerosis is relatively
common in the black population, the HIV - immune mediated glomerulonephritis is
mostly prevalent in Europeans and Asians (Chandran ef al., 2013).
Membranoproliferative glomerulonephritis is the commonest of the HIV - associated
immune mediated glomerular diseases (Gindea et al., 2010). Membranous nephropathy,
post-infectious glomerulonephritis, fibrillary glomerulonephritis and IgA nephropathy
are the other lesions described. These lesions could be due to HIV infection or as a
result of other associated infections; hepatitis C or B or could be a concurrent finding
(Chandran et al., 2013; Foy et al., 2013). Deposition of circulating immune complexes
(CICs) within the kidney could play an important role in the development of HIV
associated glomerulonephritis. Immunoglobulins (IgG, IgM,

IgA) could adhere to circulating HIV antigen (p 24, 8p G1 gp 120) resulting in formation
of CICs during all stages of HIV infection. The cellular immune factors could
additionally play a role in the expression of renal disease and IgA nephropathy has been
seen in several patients with HIV infection. A biopsy study done in Europe showed
some level of prevalence of diffuse mesangial deposits of IgA in the patients who died
of AIDS (Foy et al, 2013; Cohen and Kimmel, 2008). Remarkable response has been
reported with the use of highly active antiretroviral therapy

(HAART), ACE-inhibitors and glucocorticoids in such situations (Adebamowo et al.,

2014; Foy et al., 2013; Cohen and Kimmel, 2008)
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2.4.2.3 HIV-associated focal glomerulosclerosis

HIV-associated focal glomerulosclerosis is characterised by monumental nephrotic
proteinuria (mostly> 10 gm/day) with renal failure occurring within 1 to 2 years coupled
with large, echogenic kidneys seen on ultra sound (Allan, 2011; Anochie et al., 2008;
Atta et al., 2005). The pathologic findings are pathognomonic. Although clinical
findings could be suggestive, a renal biopsy is necessary for diagnosis. The renal
histology is characterised by collapsing focal and segmental glomerulosclerosis
associated with microcystic tubular dilatation and interstitial inflammation (Fabian et
al., 2013; Wearne et al., 2012). The microcystic tubular changes and interstitial oedema
cause an increase in kidney size. There is visceral epithelial cell hypertrophy and
‘pseudocrescent’ formation in Bowman’s space. Greater than 90% of renal biopsies
with HIVAN contain tubuloreticular inclusions within the cytoplasm of glomerulus and
other vascular endothelial cells (Fine et al, 2008). Immunofluorescence frequently
shows staining for IgM, C3, and less commonly C1Q in the mesangium (Lescure ef al.,
2012). The treatment of HIVAN has not been evaluated by rigorously controlled
randomised trials. Treating HIVAN with HAART or in combination with ACE
inhibitors or steroids is recommended (Lescure et al., 2012). HAART is renoprotective
in HIVAN (Zeleniuk et al, 2014). Preliminary reports indicate that HAART has
beneficial effects on the prevalence and progression of HIVAN (Grinsztejn et al., 2014).
Suppression of viral replication is clearly a key factor in the improved outcome
(Primeggia et al.,2013; Brady et al., 2010). Less appreciated are the potential disease
modulating non-viral actions of HAART, in particular anti-apoptotic effects of protease
inhibitors. Two case reports of HAART in HIVAN patients have shown remission of
both renal pathologic and functional abnormalities. Currently, studies on the long-term

effects of HAART therapy on the patient outcomes are lacking (Daugas et al.,2005).
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All the three renal replacement modalities, i.e., the intermittent haemodialysis, chronic
ambulatory peritoneal dialysis (CAPD), and renal transplantation, are recommended in
the patients of end-stage renal disease due to HIV infection. Outcomes of HIV infected
patients treated with haemodialysis and peritoneal dialysis have improved.
Haemodialysis is the most common renal replacement modality for HIV-infected
patients. Substantial improvement in the survival of HIV - infected patients on dialysis
has been noted after 1995 and this has been attributed to HAART (Trullas et al., 2011).
Dialyser re-use is permissible in HIV infected patients. Routine infection control
precautions and routine cleaning with sodium hypochlorite solution of dialysis
equipment and of surfaces that are frequently touched are sufficient in HIV - infected
patients on haemodialysis. Isolation of HIV - infected patients from other dialysis

patients are unnecessary (Barrilet al.,2004; Trullas et al., 2011)

The choice of renal replacement therapy often is based on patient preferences and
feasibility. Continuous ambulatory peritoneal dialysis (CAPD) offers the advantage to
staff of a lower risk of occupational exposure to HIV. However, peritoneal protein losses
in malnourished HIV patients and severe peritonitis are the potential concerns.

Some of the immunosuppressive drugs (cyclosporine, FK506, and mycophenolate
mofetil) may have anti-retroviral effects. Recent evidence suggests that addition of
cyclosporine to HAART may offer other long-term beneficial eftects (Frassetto et al.,

2005; Barril et al.,2004)

2.5 PATHOPHYSIOLOGY
Typical of HIV nephropathy (particularly HIVAN) is the sequential arrangement of
pathologic findings involving glomerular, tubular, and interstitial compartments

(Anochie et al., 2008). Glomerular morbid outcomes demonstrate focal
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glomerulosclerosis, with eminent collapse of the glomerular tuft. Striking about the
tubular disease is the development of tubular dilatation, which is followed by atrophy
and flattening of tubular epithelial cells (Blasi et al, 2014). Typically there are
lymphocytic percolations of the interstitium. Endothelial tubuloreticular is a common
pathologic finding when examined by electron microscopy in the pre-highly active
antiretroviral therapy (HAART) era. Tubuloreticular inclusions, however, are found
with decreasing frequency perhaps due to the efficacy of antiretroviral therapy in
reducing plasma interferon levels ( Ross, 2014; Heyns ef al., 2013; Anochie et al.,

2008; Atta et al., 2008; Leventhal and Ross, 2008)

2.5.1 Detection of HIV-1 in renal epithelial cells
Between 1980s and 1990s investigators tried to prove the presence of HIV-1 in renal
parenchymal cells using a number of techniques. While some investigators concluded

that HIV-1 was present in renal epithelial cells others could not detect the virus (Blasi

etal., 2014).

While it was debatable whether HIV-1 infected renal epithelial cells or not in humans,
work from animal experiments gave critical insight into HIVAN pathogenesis. Dickie
et al., (1991) for instance reported that HIV-1 transgenic mice contained gag/ pol
deleted provirus expressed under the control of the endogenous HIV-1 long terminal
repeat (LTR) promoter. These mice they observed developed excess protein in their
urine, had progressive renal failure, and histologic disease that was similar to HIVAN
(Kajiyama et al., 2000). A mutual transplantation study by Bruggeman et al., (2000)
showed that the HIVAN phenotype in those mice relied on HIV-1 gene expression in
the renal epithelium. Quite recently however, a rat transgenic model showing the same
HIV-1 transgene have been demonstrated to cause the HIVAN phenotype (Ledger et al,

2006).
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Work involving the use of primates by other researchers suggests that there is a role for
the direct infection of renal parenchymal cells by HIV-1 in the pathogenesis of HIVAN.
Research involving Macaques also showed they developed renal disease that closely
looked like HIVAN following their infection with a chimeric simian-human
immunodeficiency virus (SHIV). The rate at which these animals developed renal
disease depended on the breed of SHIV used, evoking the hypothesis of viral
determinants in such renal disease advancements. Although these researchers were able
to isolate SHIV from the glomeruli of these diseased animals, it is difficult to say
whether it was the renal parenchymal cells which were infected or the viruses which
were isolated were from infiltrating mononuclear cells. The definitive proof of HIV
infecting humans came in 2000 when Bruggeman, ef al., (2001) reported a series of
twenty (20) HIV-seropositive patients with renal disease after they had undergone
diagnostic renal biopsy. Renal tissue was collected prospectively at the time of biopsy
and immediately worked on to optimize RNA preservation. Fifteen (15) of the patients
were diagnosed with HIVAN and in eleven (11) of these patients; HIV-1

RNA was detected by RNA in situ hybridization. Specificity of majority of the samples
was confirmed using riboprobes for both HIV genes gag and nef and by DNA in situ
PCR. Subsequently HIV-1 has been detected in epithelial cells from several segments
of the nephron, including the glomerulus (visceral and parietal epithelial cells) and
tubules; the proximal tubule, thick ascending limb of Henle, and the collecting duct.
Additionally, the histologic pattern of the disease showed an overlapping in the
distribution of epithelial infection. This notwithstanding however, the infection is yet to
be conclusively identified in other renal parenchymal cells such as mesangial cells or
endothelial cells. While it is still not clear the nature and mechanism by which HIV-1

enters the renal epithelial cells, the envelop receptors it uses are also not known. It is
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however without doubt that HIV-1 can be detected in renal epithelial cells of patients

with HIVAN (Nelson et al., 2002).

2.5.2 HIV-1 infection induces disease in the renal epithelium

The kidney is made up of phenotypically unique epithelial cell types along the length
of each nephron. In the glomerulus, the visceral epithelial cell, or podocyte, is a highly
specialized epithelial cell that forms a critical part of the glomerular filter (Blasi et al.,
2014b). Podocytes are known to be infected by HIV-1 in HIVAN and the phenotypic
derangements associated with podocyte in renal diseases flanked by unusual increase
in proteinuria are also present (Zhong et al.,2005). The infection inducts several
irregularities including increased proliferation and reduction in the expression of
markers of differentiation, including synaptopodin, WT-1, GLEPP-1, and podocalyxin.
Similar abnormalities in podocyte phenotype are found in the glomeruli of HIV-1
transgenic mice. Ex vivo research involving podocytes from HIV1 transgenic mice and
that from wild-type murine show an increased level of proliferation and anchorage
regardless of growth in podocytes showing HIV-1.

Phenotypic changes of the tubular epithelium are similarly outstanding with increased
proliferation and apoptosis, microcystic dilatation, flattening and atrophy of epithelial
cells, and loss of expression of differentiation markers, with abnormal polarization of
the sodium-potassium ATPase (de Silva et al, 2007; Zhong et al., 2005). Abundant
evidence exists to show that HIV-1 induces cell cycle progression in HIVAN. Shankland
et al., (2000) for instance reported that the cyclin-dependent kinase (CDK) inhibitors
p27 and p57 were down regulated in podocytes in HIVAN biopsies while p21 was
upregulated. Basic fibroblast growth factor is upregulated in HIVAN and has been
demonstrated in other studies to increase the proliferation of renal epithelial cells ex

vivo. Growth factor activity together with cell cycle regulatory proteins are thought to
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intercede in the increased epithelial proliferation observed in HIVAN unlike other HIV

nephropathies (Bruggeman et al., 2009).

HIVAN is also linked to the upregulation of transforming growth factor and to some
extent, middle in the increased renal fibrosis and apoptosis that is observed during the
course of the disease. Representational difference analysis has been used to examine
differentially the expressed genes in podocytes from HIV-1 transgenic and normal mice.
By such an approach a new small leucine-rich repeat protein, Podocan, which amass in
sclerotic glomeruli of the HIV-1 transgenic mice, has been identified and is currently
being studied (Zhong et al., 2005). Transcriptional regulation of HIV-1 in renal
epithelial cells however seems to occur in a similar fashion as occurs in lymphocytes.
Transcriptions in such podocytes require binding the inducible nuclear factor-kB and
Spl to the viral LTR. Inhibition of the HIV-1 transcription in such podocytes using
inhibitors such as CDK-9 would result in decreased proliferation and re-expression of
podocyte differentiation markers ex vivo. Administering CDK-9 inhibitors to HIV-1
transgenic mice would ameliorate the HIVAN phenotype (Nelson ef al., 2009; Zhong
et al., 2005) however the markedly low efficiency of HIV- 1 transcription in murine
cells makes it difficult to predict whether CDK-9 inhibition would have similar

consequences in podocytes from humans with HIVAN.

2.5.3 Contribution of HI'V-1 genes to HIVAN pathogenesis as the commonest
HIV nephropathy

By using animal models, the HIV-1 genes that were critical for HIVAN pathogenesis
(Winston et al., 2001) have been mapped out. These animals expressed a gag/poldeleted
HIV- 1 transgene under the control of endogenous viral LTR promoter but were not
really required for development of the HIVAN phenotype (Kajiyama ef al.,

2000).Hanna et al., (2009) developed eighteen (18) transgenic mouse lines expressing
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five (5) different HIV-1 mutants’ constructs under the control of the human CD4
regulatory sequences. In the said transgenic lines, the expression of HIV-1 nef was both
necessary and significant to induce an AIDS-like phenotype and renal disease. The
pathogenicity of HIV-1 nef in transgenic mice (with nef evinced under the control of
human CD4 promoter) was abolished by mutation of the P72XXP75 SH3binding
domain of Nef (Hanna et a/., 2009). Hybridising these nef-mutant mice with hck-mutant
ones resulted in a delay in development of the phenotype. The researchers then
postulated that since Hck was known to be associated with Nef through an SH3 domain,
Hck could be an important effector of Nef. However, the expression of SIV Nef, which
lacked the SH3 binding domain showed the same phenotype as HIV-1 wild type Nef,
suggesting that binding to Hck via the SH3- binding domain was not crucial for Nef
activity (Hanna ef al., 2009). The multigenic vectors display the same parental
backbone as that used in generating the HIV-1 transgenic model of HIVAN. Thus, Nef
expressed in cultured podocytes was necessary and sufficient to induce increased
proliferation and anchorage-independent growth. Nef expression has subsequently
shown to induce loss of expression of markers of differentiation in podocytes in vitro

Hanna et al., (2009).

2.5.4 The kidney as a reservoir for HIV-1

The infection of renal epithelial cells by HIV-1 has implications way beyond the role of
the virus in promoting the development of HIVAN. Renal epithelial cells serve as a
reservoir in instances where HIV-1 persist and particularly in patients who may have
no detectable HIV-1 in their plasma (Ray, 2009). In the cases reported by Bruggeman
et al., (2000), four (4) of twenty-one (21) HIV- 1 seropositive patients with renal disease
in whom diagnostic renal biopsy was performed, had an undetectable amount of HIV-

1 in plasma. In each of those patients, HIV-1 RNA was detected in renal epithelial cells
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(Bruggeman et al., 2000). After treatment with HAART, the patients had clinical and
histologic resolution of the renal disease. There is also very little known about the
ability of antiretroviral medications to achieve therapeutic levels in renal epithelial cells
and whether the effects of these medications on the HIV-1 lifecycle in renal epithelial
cells is the same as that in leukocytes (Schwartz et al., 2005; Ross et al., 2000). Thus,
despite the dramatic response of HIVAN and other HIV nephropathies to HAART, HIV-

1 RNA expression in renal epithelial cells remained unchanged (Ross ef al., 2000).

2.6 GENETICS

Black people have higher probability of developing of HIV nephropathy, however
explanation for this remain unclear. Black people and persons of African descent
normally have higher incidence of other renal diseases as well (including diabetic
nephropathy, lupus); hence it is possible that black people have an underlying genetic
predisposition to renal disease. Additionally the nature of the host response to the HIV

infection could determine whether or not nephropathy develops in a particular

individual (Bouthemy et al., 2013; Cohn and Weaver, 2006; Tang and Kaslow, 2003).

Kopp et al.(2008) studied the genetic variants which predisposes to idiopathic and HIV-
I—associated focal segmental glomerulosclerosis (FSGS), and they concluded that
genetic variation at the MYHY locus substantially explains why there is an increased
burden of FSGS and hypertensive kidney disease among African Americans
(Kuzmanovi¢ et al, 2014; Cohn and Weaver, 2006). They carried out
admixturemapping linkage-disequilibrium genome scanning on one hundred and ninety
(190) African American individuals with FSGS and two hundred and twenty-two (222)
controls and identified a chromosome-22 region centred on MYHY, as a functional

candidate gene expressed in kidney podocytes (Nufiez ef al., 2010).
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2.7 CLINICAL PRESENTATION

HIV nephropathy, particularly HIVAN is often a later event in the natural chronicle of
the HIV disease. Persons with poorly controlled HIV infection and who have elevated
viral loads and or low CD4 appears vulnerable most (Rouet et al., 2010). This
notwithstanding, HIVAN could be part of early manifestation of HIV infection and it is
known to appear at seroconversion (Atta, 2010). Typical presentation of HIV
nephropathy include proteinuria, which ranges from isolated proteinuria to nephrotic
range, and significant renal dysfunction (McCulloch and Ray, 2008). Other features of
nephrotic syndrome including oedema and hypoalbuminemia are barely visible. It
remains unclear why such striking features are absent, but it has been postulated that it
could be as a result of the salt wasting syndrome in HIV nephropathies such as HIVAN
or increased oncotic pressure from increased serum immunoglobulin. Haematuria and
hypertension are often absent and when present could be as a result of other causes of

renal dysfunction (Atta, 2010; Atta ef al., 2008).

2.8 DIAGNOSTIC EVALUATION OF HIV NEPHROPATHY

Diagnosis of HIV nephropathy including HIVAN is confirmed by renal biopsy (Fine et
al., 2008). Histological features include both glomerular and tubular lesions involving
global or focal segmental glomerulosclerosis, microcystic transformation of renal
tubules and interstitial inflammation followed by fibrosis with lymphocytic
infiltration.(Fabian et al, 2013; Wearne et al., 2012; di Belgiojoso et al.,2002).
Glomerular collapse with podocytes hypertrophy have been reported in adults with HIV
associated nephropathy, however, many children have unique presentation of mesangial
hyperplasia with no development of collapsing glomerulopathy (Gu et al., 2013; Zhong

et al., 2005). Other histological features of HIV associated nephropathy include
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atrophied tubular epithelium and tubuloreticular inclusions on electron microscopy

(Wearne et al., 2012).

Kidneys of patients with HIV nephropathy particularly HIVAN are enlarged and have
hyperechogenic pattern on ultrasound (Allan, 2011; Vourganti et al., 2010). Renal
dysfunction is quite common with raised serum creatinine corresponding to the reduced
glomerular filtration rate (Andiman et a/.,2009). Urine examination in these patients
commonly show proteinuria, other findings on urinalysis include hyaline casts and

rarely haematuria (Ross, 2014; Ramezani ef al.,2008).

In the absence of renal biopsy as confirmatory or definitive diagnosis, clinicians have
depended on the presence of clinical features or presentations such as the presence of
proteinuria, raised serum creatinine levels, origin and race of person as well as enlarged
hyperechogenic kidneys upon ultrasound having excluded other causes of renal failure

for HIV positive patients (Atta, 2010; Atta et al., 2008).

2.8.1 Diagnosis of Kidney disease

Traditionally, tests for kidney function commonly used for diagnosing renal disease
involves a urine test; a simple “dipstick” followed by microscopy (urinalysis). Other
tests include blood urea, creatinine and rate of creatinine clearance (Nagai et al., 2013).
Recently microalbuminuria and sonographic images have been employed for
diagnosing kidney diseases (Hadigan et al., 2013; Ezeonwu ef al., 2012; Eke et al.,

2010).

2.8.1.1 Urinalysis
Urinalysis is the physical, chemical, and microscopic examination of urine
(FolefackKaze et al., 2013). It involves a number of tests to detect and measure various

elements that pass through the urine (Wongtrakul et al., 2014). The test is capable of
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revealing diseases that have gone unnoticed because they do not produce striking signs
or symptoms. Examples of such diseases include diabetes mellitus, various forms of
glomerulonephritis, and chronic urinary tract infections (Khatua et al., 2010). While the
physical examination looks at the urine colour; straw, amber, blood stained, coca cola
etc. and appearance of the urine; clear, hazy or cloudy, the chemical analysis uses a ten
(10) or twelve (12) parameter commercially available urine dip stick to determine the
urine pH, specific gravity, glucose, micro albumin, protein, blood, ketones, leucocytes,
nitrite, bilirubin and urobilinogen and microscopic examination of sediments from the
urine deposit (using x 10 and x 40 objectives)(Murray ef al., 2014). Of particular interest
in the chemical analysis using the dipstick in kidney disease is the presence of protein
(macroalbumin; proteinuria), with microalbumin being a precursor (microalbuminuria)
(Bertilla Uzoma et al., 2012). The presence of blood using the dipstick only further
indicates an aggravation of the problem once other physiological conditions have been
ruled out. The presence of cast and red blood cell in the urine deposit further establishes
the possibility of a kidney disease signifying endothelial dysfunction (Murray et al.,

2014)

2.8.1.1.1 Proteinuria

Proteinuria is a sign of abnormal excretion of protein by the kidney but is a nonspecific
term including any or all proteins excreted (Atta et al., 2005). Clinically the appearance
of significant amount of protein in urine is one of the earliest sign of almost all renal
diseases (Ramezani et al., 2008). Proteinuria is a well-known marker for renal disease.
Estimation of proteinuria helps in differentiating between tubulointerstitial and
glomerular diseases and also to follow the progress of renal disease and to assess the
response to therapy (Chaparro et al., 2008). Normally excretion in most healthy adults

is between 20-150 mg of protein in urine over 24 hrs.
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Proteinuria more than 3.5 gm/day is taken to be diagnostic of nephrotic syndrome

(Coulibaly et al., 2013).

2.8.1.1.2 Microalbumin

Microalbuminuria has been reported as a predictor of subclinical renal involvement in
systemic diseases including HIVAN (Mistry, 2010). It refers to albumin excretion above
the normal range and has been defined as urinary albumin excretion between 30 and
300 mg/day or in concentrations 20 to 200 pg/min. It develops from progressive,
subclinical, structural, and functional changes in the kidney and it is useful as an early
biomarker in the detection of kidney disease (Mudi ef al., 2014). Studies have reported
prevalence of 10-33% reported from Port Harcourt- Nigeria in Africa, India, and the
United States (Mistry, 2010). Microalbuminuria; a type of glomerular proteinuria, is an
early marker for the development of nephropathy and generalized endothelial
dysfunction (Iseki et al., 2007). Urine normally contains small amounts of protein
including albumin (Hadigan ef al., 2013). Up to 150 mg. of protein per day could be
found in normal urine of which 30 mg is albumin (Gupta et al., 2005a).
Microalbuminuria is the earliest indication of evolving glomerular pathology. Urinary
microalbumin usually refers to urine albumin levels between 30-300mg/24 hours, (or,
more commonly 30-300 mg/L, from elevated concentrations in a spot urine sample)
levels of albumin which is not detectable by routine urine dipstick. Its persistent
presence coupled with overt proteinuria are important markers for the subsequent
development of progressive chronic kidney disease (Bertilla ef al., 2012). Screening for
microalbuminuria and overt proteinuria, and timely referral for nephrology evaluation
of these patients in the primary care setting, is critically important and offers the chance

of intervention at the earliest opportunity (Masimango et al., 2014).
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2.8.1.1.3 Urine Protein to Creatinine Ratio (UPCR)

The urine protein to creatinine ratio (UPCR) is a test used to determine the presence of
excess levels of protein in urine. The UPCR is determined by dividing the urine protein
(mg/dl) by the urine creatinine (mg/dl), the numerical outcome of which is roughly
equivalent to the 24-hour protein excretion in g/day per 1.73 m?body surface
area(Hadigan et al., 2013). Proteinuria is recognized as an independent risk factor for
renal disease and is a predictor of end organ damage. It is usually requested in cases
where non-albumin proteinuria is suspected or in cases of acute kidney injuries,
structural renal tract disease, recurrent renal calculi or prostatic hypertrophy
(Masimango et al., 2014). Its value is of essence in especially multisystem diseases
where there is potential kidney involvement; systemic lupus erythematosus, and in
instances where there are known family history of end-stage kidney disease or
hereditary kidney disease (Johnson et al., 2004; Ross et al., 1994). The quantification
of proteinuria is considered valuable in assessing the effectiveness of therapy and the

progression of the disease (Bianchi et al., 1999; Redon ef al., 1998)

2.8.1.14 Urine Albumin to creatinine ratio (UACR)

This is a calculation generated from estimation of random urine albumin and creatinine
expressed as a ratio and which is used to assess the risk of kidney disease development
(De Zeeuw et al., 2004). UACR measurement is the recommended first line test for
proteinuria detection (NICE 2008). A UACR value > 30mg/g imply the presence of
urine albumin and is indicative of chronic kidney disease. UACR values of 3-
30mg/mmol per current KIDOQI guideline or NICE clinical guideline 182 refers to a
situation of moderately increased albuminuria while values >30mg/g refers to a

severely increased situation (De Zeeuw et al., 2004). UACR measurement forms part
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of the diagnosis, staging and monitoring of chronic kidney disease (CKD) (Reynes et

al., 2013).

2.8.1.2 Urea and Creatinine use as a kidney disease diagnostic tool

Urea is a major nitrogenous end product of protein and amino acid catabolism, produced
by liver and distributed throughout intracellular and extracellular fluid. It is filtered out
of the blood by glomeruli in the kidney and is partially being reabsorbed with water
(Antonello et al., 2015). It is useful in the differential diagnosis of acute renal failure
and pre renal condition where blood urea nitrogen—creatinine ratio is increased.
Increased blood urea nitrogen (BUN) is seen associated with kidney disease or failure,
blockage of the urinary tract by a kidney stone, congestive heart failure, dehydration,
fever, shock and bleeding in the digestive tract (Mitchell ef al.,

2006)

Creatinine on the other hand is a breakdown product of creatine phosphate in muscle,
and is usually produced at a fairly constant rate by the body depending on muscle mass.
It is a waste product that comes from the normal wear and tear on muscles of the body.
The levels of creatinine in the blood can vary depending on age, race and body size
(Fabiny and Ertingshausen, 1971). A creatinine level of greater than 1.2 mg/dL for
women and greater than 1.4 mg/dL for men may be an early sign that the kidneys are
not working properly. The level of creatinine in the blood rises, if kidney disease
progresses. When the kidneys are malfunctioning, urea and creatinine are poorly

excreted resulting in elevated urea and serum creatinine levels (Rule et al., 2013).

2.8.1.3 Creatinine clearance
This is the volume of blood plasma that is cleared of creatinine per unit time. It could
be used to approximate GFR and actually evaluates the rate and efficiency of the

kidney’s filtration abilities; kidney dysfunction and or decreased blood flow to the
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kidneys flagged by increased serum or plasma creatinine (Stevens et al, 2006).
Creatinine-based formulae are well-known methods used in assessing kidney function;
however they are fraught with several shortcomings in the general population (Stevens
et al., 2006; Levey et al., 1990) and particularly in HIV-infected persons (Odden et al.,
2007). Creatinine based estimations are imprecise, and could potentially lead to the over
diagnosis of chronic kidney disease (Inker et al., 2012). Notably, serum creatinine level
is affected by non-renal factors, such as diet, race and muscle mass and creatinine
clearance is significantly influenced by tubular secretion (Stevens et al, 2006).
Compounding the problem is the dependence of most laboratories on the modified
kinetic Jaffe method which in itself is bedeviled with limitations (Afolabi et al., 2009)
for clinical decisions. Several endogenous and exogenous interfering substances have
been documented to affect the analytical specificity of creatinine when analysed by the
Jaffe method. Serum protein and bilirubin in particular is documented to cause an
overestimation of serum creatinine by as much as 15%-25% (Peake and Whiting,
2006). Malnutrition among children of sub-Saharan Africa origin, especially those
living with HIV/AIDS (Arpadi et al., 2000) further reduces the usefulness of serum
creatinine-based formulae in the routine assessment of kidney function and has
implications for early detection of impaired kidney function in these children (Jones et

al., 2008).

2.8.1.4 Use of cystatin-C (Cys-C)

Cystatin-C is a non-glycosylated low molecular weight protease inhibitor(Abiodun et
al., 2012). It is produced by all nucleated cells at a constant rate and is freely filtrated
by the glomeruli and is completely catabolized in the proximal tubules(Aaron et al.,
2012). The concentration of serum Cystatin-C is mainly determined by glomerular

filtration, which makes Cystatin-C a better endogenous marker of glomerular filtration
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rate (Bevc et al., 2012). In a Meta-analysis study by Dharnidharka et al.,(2002) it was
found that Cystatin C was superior to serum creatinine as a marker of kidney function
and glomerular filtration rate (Schwartz et al., 2012). It has been found to be a more

useful tool for detecting early renal impairment in most kidney diseases(Schwartz et

al., 2012).

2.8.1.5 Neutrophil gelatinase-associated lipocalin (NGAL)

Markers of renal function test whether radioactive or non-radioactive assess the normal
functioning of kidneys. Their increase or decrease in valves indicates dysfunction of
kidney. Neutrophil gelatinase-associated lipocalin (NGAL) also known as oncogene
24p3 or lipocalin-2is a non-radioactive biomarker involved in innate immunity by

sequestrating iron that in turn limits bacterial growth (Yang et al., 2002).

It has been proposed as a biomarker of acute kidney injury (Davarajan et al., 2010).
NGAL is secreted in high levels into the blood and urine in cases of acute kidney
injuries (Benette et al., 2008). Its levels are a more precise and sensitive as a marker
for diagnosing AKI than serum creatinine levels and its increase in urinary excretion
has been proven to be due to tubular alterations that take place before any damage can
be detected by other (Blazquez-Medela et al., 2014). Additionally NGAL which is a
troponin-like biomarker of AKI is easy to measure, unaffected by other biological
variables and is capable of both early detection and risk stratification of AKI allowing
for earlier diagnosis, correct response, and reduced risk of morbidity and mortality in

AKI (Haase et al., 2011).

2.8.1.6 Radiography
Renal ultrasonography with arterial Doppler studies is the single most important test for

evaluating all form of CKD patients with an elevated creatinine level. Key among its
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advantages is the fact that it is the least invasive of all the methods used in identifying
obstructive uropathy, the commonest reversible form of renal failure. The Doppler part
helps in the identification of patients with bilateral renal artery stenosis, whose kidney
function would profit from effective angioplasty. Kidneys of patients with HIV
associated nephropathy are enlarged and have hyperechogenic pattern on ultrasound

(Allan, 2011; Vourgantiet al., 2010).

2.8.1.7 Use of predictive equations (Glomerular filtration rate; GFR and
estimated GFR; eGFR)

Glomerular filtration rate is a measure of how well the kidneys remove wastes and
excess fluid from the blood. It may be calculated from the serum creatinine level and to
enhance the results due to challenges associated with the use of creatinine, age, weight,
gender and body size are factored into various formulae during its calculation (Stevens
et al., 2006; Nagai et al., 2013). Other analytes have been used in estimating GFR,
notably cystatin-C which is considered a better analyte because it is not affected muscle
mass, age and gender (Bevc et al, 2012). Normal GFR can vary according to age (as
you get older it can decrease) (Glassock and Winearls, 2009). The normal value for
GFR is 90 or above. A GFR below 60 is a sign that the kidneys are not working properly.
A GFR below 15 indicates that a treatment for kidney failure, such as dialysis or a

kidney transplant, will be needed (Tattersall ez al., 2011).

2.8.2 Diagnosing the commonest HIV nephropathy; HIVAN
Definitive diagnosing HIVAN involves renal biopsy, coupled with specialist
microscopy (as a gold standard), a technique which is virtually non-existent in majority

of health facilities attending to and administering ARTs in Ghana (Fine ef al., 2008)
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29 TREATMENT OF HIV NEPHROPATHIES INCLUDING HIV
ASSOCIATED NEPHROPATHY

The treatment of HIV associated nephropathy currently appears to be based on
observational studies in that no randomized controlled trial results on the various
interventions have been published. Anti-retroviral therapy has been reported in a
number of observational studies to influence the course of HIV associated nephropathy
and has been linked to reduced incidence of ESRD in HIV infected patients. (Grinsztejn
et al.,2014; Betjes ef al., 2001). Peters et al reported improvement of renal functions
after two years of using HAART in a study conducted among HIV infected Ugandans
in the Home- Based AIDS care clinical trial (Ando et al., 2012; Brady et al.,2010;

Daugas et al., 2005)

Other interventions reported to be effective in treating HIV associated nephropathy
include Angiotensin-converting enzyme inhibitors (ACEIls) and steroids (Guaraldi et
al., 2014). Pathogenesis of HIV associated nephropathy is linked to increased cellular
synthesis of transforming growth factor B (TGF-f) which is increased by angiotensin

II making ACEIs logical therapy for HIV associated nephropathy (Guaraldi et al., 2014;

Yoshida et al., 2014; Nakagawa et al., 2011).

Observational studies have reported corticosteroids to be beneficial in treating HIV
infected patients with nephropathy (Eustace et al., 2000). Use of corticosteroids in HIV
associated nephropathy is associated with reduction of serum creatinine and proteinuria
(Pottel et al., 2010). However the use of steroids have been reserved as second line
therapy particularly for patients with deteriorating renal functions despite being on

HAART (Richardson et al., 2014; Mofenson et al., 2009).
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2.9.1 Antiretroviral use and renal dysfunction

The epoch of HAART and the administration of ARVs have been followed by a variety
of harmful effects and damage to the kidneys. These effects are evidenced as acute renal
failure, kidney stones, tubular necrosis or chronic renal failure (Bae et al., 2014; Gupta
et al., 2005a). Three groups of HAART are used in most African countries including
Ghana. These include nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs),
non-nucleoside reverse transcriptase inhibitors (NRTIs) and protease inhibitors (PIs),

(Wyatt, 2014; Brady et al., 2010).

Nucleoside analogues include Lamivudine (3TC), Zidovudine (AZT or ZDV),
Abacavir (ABC), Emtricitabine (FTC), Didanosine (ddl), Stavudine (d4T) and
Zalcitabine (ddc). Tenofovir (TDF) is the only nucleotide analogue approved for

treatment of HIV (Giacomet ef al., 2013; Nishijimaet al., 2012; Antoniou et al.,2005).

Nucleoside analogues have a favourable renal safety profile, with only rare reports of
direct toxicity to the renal tubules (Mausumeeet al., 2014), Lamivudine and Abacavir
have been entailed in Fanconi syndrome (Hannon ef al.,2004), and ABC have been
reported to cause immuno-allergic interstitial nephritis (Giacomet ef al. 2013; Maggi et

al., 2012).

TDF is an acyclic phosphonate that has been linked with the development of renal
tubular damage (Maggi et al., 2012). Tenofovir toxicity result in proximal tubulopathy
which may present with proteinuria, hypokalaemia, glycosuria, hypophosphatemia,
phosphaturia and aminoaciduria (Jafariet al., 2014; Giacomet et al., 2013; Purswani et
al., 2013). Mild elevation in serum creatinine has been reported after starting Tenofovir
with no clinically significant nephrotoxicity in retrospective study conducted in

Toronto, Canada between January 2002 and December 2003 by Antoniou et al. In a
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multicentre prospective study which was carried on in HIV infected children in Spain,
Soler-Palacin et al., 2008 reported abnormal urine osmolality, decreased tubular
phosphate absorption and proteinuria, no significant changes in creatinine clearance

was reported.

Efavirenz (EFV) and Nevirapine (NVP) are two normally used non-nucleoside
analogues (NNRTIs). These two as a group have the least nephrotoxic potential. These
drugs are principally metabolized by hepatic cytochrome P450 and are not actively

secreted in the kidney (Gupta et al., 2008).

Protease inhibitors (PIs) do not exhibit profound nephrotoxic effects as they are
metabolized by hepatic cytochrome P450. Indinavir is the most commonly used PI
linked with renal and urologic side effects, which manifest with reversible acute renal
failure, chronic renal failure, leukocyturia, microhaematuria, mild proteinuria,
nephrolithiasis, papillary necrosis and crystalluria (Nagai ef al., 2013). Andiman et al.,
(2009) reported a twofold increased risk of renal dysfunction among HIV infected
children and youth, exposed to Tenofovir and or Indinavir as compared to participants
exposed to other ARV drugs in a Paediatric AIDS Clinical Trial Group multi-centre

study in United States.

2.10 CHRONIC KIDNEY DISEASE AND HIV INFECTION

Chronic kidney disease (CKD) is defined as presence of kidney damage or glomerular
filtration rate (GFR) of less than 60mL/min/1.73 m? for 3 months or more, irrespective
of the diagnosis (Coresh, et al., 2003). Classification of CKD in children is similar to

adult classification which is based on National Kidney Foundation’s
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Kidney Disease Outcomes Quality Initiative (NKF-K/DOQI) classification scheme
(Chadha et al., 2007). According to K/DOQI classification CKD is characterized by

stage 1 which is mild disease through stage 5 which is end stage renal disease.

In children, glomerular filtration rate is estimated using a modified formula which was
established and modified by Schwartz ef a/., (2009) which utilizes serum creatinine and
height of the child (Schwartz, 2009). Normal levels of GFR in children varies with age,
gender and height, and increases with age reaching approximately adult level at the age
of 2 years, therefore the GFR ranges used to define the 5 CKD stages applies only to

children aged 2 years and above (Chadha et al., 2007; Coresh et al., 2003)

Table 2.1: National Kidney Foundation’s Kidney Disease Outcomes Quality

Initiative (NKF-K/DOQI) stages of chronic kidney disease

Stage Description
GFR(mL/min/1.73m?)

1 Kidney damage with normal
>90
or increased GFR
5 Kidney damage with mild
60-89
decrease in GFR
Moderate decrease in GFR
3 30-59
4 Severe decrease in GFR
15-29
5 Kidney Failure

<15 or dialysis

Chronic kidney disease affects HIV infected persons and is one of the leading non-

infectious complications (Estrella et al., 2010). HIV associated nephropathy is the
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commonest cause of CKD in HIV infected patients (Rachakonda et al., 2010; Weiner
et al., 2003). Chronic kidney disease causes increased progression to AIDS and death
in HIV infected patients even in those who are on HAART (de Silva et al., 2007; Gupta
et al., 2005b; Szczech, 2004). Kidney disease should be detected early in HIV infected
patients in order to slow its progression and to improve outcome of HIV

infection.

National Kidney Foundation (NKF) defines CKD as abnormal urinalysis in the form of
proteinuria and estimated GFR < 60 mL/min/1.73 m? of at least 3 months duration
(NKF-K/DOQI, 2002). This makes screening for CKD in HIV infected patients
possible by evaluating for proteinuria and renal dysfunction as recommended by

Association of the Infectious Diseases Society of America (IDSA) (Gupta et al., 2005a).

Urinary protein excretion in children is <4mg/m?/hour or <100mg/m?/day for both sexes
(Hogg et al., 2003). Albumin makes up 30-40% of urinary excreted protein, other
components of urinary protein include Tamm-Horsfall protein (50%), immunoglobulins
(5-10%) and light chains (5%) (Jefterson et al. 2008). Proteinuria is an excretion of
protein exceeding the normal values and it is a feature of chronic kidney disease and
has also been reported as a predictor of ESRD (Iseki et al., 2003) Albumin excretion in
urine between 30 to 300 mg/day is referred to as

microalbuminuria (Vora et al., 2000) and cannot be detected by tests used for testing
proteinuria. Microalbuminuria is an early marker of nephropathy in both diabetic and
non-diabetic patients; therefore excessive albumin excretion may signify renal
glomerular disease (Hoy et al., 2001). Microalbuminuria has been reported as a
predictor of proteinuria in HIV infected individuals and is associated with poorly
controlled HIV infection with low CD4 count and high viral load (Szczech et al., 2007).

Eighty six percent (86%) of patients who presented with microalbuminuria had
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HIV associated nephropathy proven by biopsy in a study which was conducted among

HIV infected adults in South Africa by Han et al. (2006)

CHAPTER THREE
3.0 MATERIALS AND METHOD

3.1 STUDY DESIGN
The study was a case control one carried out between November 2013 and December

2015.

3.2 STUDY SITES

The study was conducted in the Kumasi Metropolis and the Asante-Akim North District
all in the Ashanti region of Ghana. Per the latest HIV sentinel report released in June
2014 by the Ghana AIDS Commission, Ghana’s HIV prevalence even though had
declined from 1.37% in 2012 to 1.30% in 2013, that for Ashanti Region had slightly
increased and now stands at 3.2%, only second to the Eastern Region which had a
prevalence of 3.7%. Again the number of new HI childhood infections had increased
from eight hundred and fifty-two (852) in 2012 to two thousand two hundred and forty-

eight (2248) nationwide in 2013 making the selection of the study site relevant.

3.2.1 Komfo Anokye Teaching hospital (KATH)

The Komfo Anokye Teaching hospital (formerly Kumasi Central hospital), named in
honour of a legendary fetish priest of the Ashanti kingdom is located on a hill
overlooking the city of Kumasi in the Ashanti region, and is built on the former site of
the African and European hospitals. With a bed capacity of thousand (1000), it is the
second-largest hospital in Ghana, and the only tertiary health institution in the Ashanti

Region. Indeed, until the recent upgrade of the Tamale Regional Hospital to
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Teaching Hospital, Komfo Anokye Teaching hospital (KATH) was the main referral
hospital for the Ashanti, Brong Ahafo and Northern regions of Ghana hence handling

referrals from Northern, Upper East and Upper West (KATH Annual Report, 2013).

At the time of this study there were two (2) specialist doctors and a consultant paediatric
nephrologist who regularly attend to children with HIV. These personnel were ably

supported by five nurses (5) and a couple of rotational doctors.

3.2.2 Agogo Presbyterian Hospital

The Agogo Presbyterian Hospital is the oldest mission hospital in Ghana and is one of
the Christian Health Association of Ghana (CHAG) facilities. It has a bed capacity of
two hundred and fifty (250) (Agogo Presbyterian Hospital Annual Report 2014). It is
located in the Asanti-Akim North Municipality were it serves as a referral site for the
entire Asanti-Akim area and also for patients from all over Ghana and neighbouring
countries of Togo, La Cote d’Ivoire and Burkina Faso who come for ophthalmological
care. Its paediatric unit has fifty (50) beds (thirty (30) medical and twenty (20) surgical)
(Agogo Presbyterian Hospital Annual Report 2014). Currently the unit has one (1)
Paediatrician consultant, two (2) resident doctors in paediatrics, two (2) medical
officers and two (2) house officers. Additionally there are eight (8) nurses aside one

Physician assistant who attend to children with special needs including HIV.

3.2.3 Suntreso Government Hospital

The Suntreso Government Hospital is a Ghana Health Service facility located in the
Suntreso North sub-metro within Kumasi. It has a total bed capacity of 116 including
twenty six (26) paediatric beds (Suntreso Government Hospital Annual Report, 2014).

It is one of the main referral sites for sexually transmitted infection (STI) including
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HIV. The STI clinic at the start of this project had four (4) doctors including a
paediatrician. There were two Physician assistants and four (4) nurses who attended to

these children.

33 SAMPLE POPULATION
The sample population comprised both children living with HIV/AIDS (CLWHA) as
well as HIV negative ones who qualified per the inclusion criteria and whose parent or

care givers consented from the study sites to be part of this study.

3.4 SAMPLE SIZE AND SAMPLING
Using the formula  n = z*(0.50)(0.50)
(E)2
Where: Z is the standard score for the confidence level

E is the allowable error

Given that z was 1.95 and an error of 0.05 was allowed, then a total of 380 cases (HIV

infected) attending the study hospitals were recruited and enrolled into the study as

follows;
Agogo Presbyterian Hospital: 90
Suntreso Government Hospital: 90

Komfo Anokye Teaching Hospital: 200

Additionally, one hundred and fifty (150) HIV negative participants (control group)
with similar inclusion and exclusion criteria whose parents or care givers had either
signed or thumb printed the study’s assent form were recruited alongside the case group
in the ratio of 1:1:1 from the OPDs of the three study hospital. Except for the

immunological assay (CD4 and CD3) which was not done for these HIV negative
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subjects, all other parameters similar to those done for the children with HIV were done

for them.

3.5 INCLUSION AND EXCLUSION CRITERIA

3.5.1 Inclusion Criteria

The case group comprised known (confirmed) HIV positive (HIV 1, HIV 2 or both)
children aged between two (2) years and thirteen (13) years who attended the HIV
clinics of the study sites and whose parents or care-givers had assented to be part of the
study. The control group however were drawn from the out-patients department of the
same study sites but from clinics other than the HIV clinics. The essences of the study
was explained to their parents and care-givers and were made to understand that HIV
testing as well as hepatitis B and C would be conducted on the blood samples of their
children to confirm their HIV and hepatitis status before included in the study as HIV-
negative control. Pre and post-test counselling was done individually for these parents
and care-givers prior to sample collection. Children from the control group had similar

characteristics like the case group except they were HIV-negative

3.5.2 Exclusion Criteria

HIV negative children and children living with HIV/AIDS who did not meet the age
requirements of two years (2) to thirteen (13) years as well as participants who had co-
infection with Hepatitis B or C viruses were excluded from the study. Additionally
participants who had a recent case of pulmonary tuberculosis (TB) or were being treated

for TB were excluded from the study.

3.6 DATA COLLECTION
3.6.1 Measurement of anthropometric variables

Anthropometric measurements included height, measured to the nearest centimeter
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(cm) without shoes and weight to the nearest 0.1 kilogram (kg) in light clothing.
Participants were weighed on a bathroom scale (Zhongshan Camry Electronic Co.
Ltd, Guangdong, China) and their height measured with a wall-mounted ruler.
Percentile body mass index (BMI) was computed for each child. The CDC defines

>95th percentile as obese, 85M-94" percentiles as overweight and 50-84™ percentile as
normal and <5 percentile as underweight (Centers for Disease Control and Prevention,

2009; Gonzalez-Casanova et al., 2013).

A total of three hundred and ninety two (392) HIV positive participants through their
parents or care-givers assented to be part of the study; however twelve (12) had to be
excluded because of co-infection with hepatitis B or C or both. Two (2) of the one
hundred and fifty (150) HIV negative participants also had to be replaced because of

Hepatitis B.

3.7 SAMPLE COLLECTION

Five (5) mls of blood sample was collected from each participant through a venesection
into a serum gel separator tube (3mls; serum was analysed for urea, creatinine and
cystatin-C) and an ethylenediamine tetra acetic acid (EDTA) tube (2mls; analysed for
full blood count (FBC) and CD4). The gel samples were allowed to clot and later
centrifuged at 500rpm for ten (10) minutes using (IEC CL 30 by Thermo Electron
Corporation). The sera obtained from the gel samples were aliquoted into 3 pre-labelled

cryo-tubes per subject for storage at -20°C until assayed.

Additionally, fresh early morning (at least two hour bladder incubation) urine samples
were collected and urinalysis as well as microalbumin determination was done for each
subject. Urine deposits were examined microscopically particularly for cast, crystal,

yeast-like cells, red blood cells (RBCs), and pus cells among others.
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3.8 LABORATORY METHODS

3.8.1 Blood Biochemical Analysis

The sera were analysed for creatinine and urea using Elitech reagents on a fully
automated biochemistry analyser (Selectra Junior; Vital Scientific NV, Netherlands).
Cystatin-C (cys-C) was done using a DuoSet sandwiched enzyme linked immunosobent
assay (ELISA) system. Two (2) sets of aliquotsera from each subject were brought to

room temperature prior to analysis.

3.8.1.1 Serum Creatinine (CRE)

The technique which was employed in analyzing the creatinine in this study was based
on the Jaffe modified kinetic method described by Fabiny et al., (1971). Creatinine in
each sample was reacted with picric acid in an alkaline condition and the coloured
complex so obtained measured at 510 nm on the auto analyser. The rate of formation of

colour was proportional to the creatinine in the sample;

Alkali

Creatinine + Sodium picrate ——* C(Creatinine picrate complex

3.8.1.2 Blood Urea Nitrogen (BUN)

The method used in assaying urea in this study was based on the modification of the
Urease/Glutamate dehydrogenase (GLDH) method by Talke et al., (1965). Urea in each
sample was hydrolysed to ammonia (NH3) and carbon dioxide (COz) in the presence of
water and urease. The liberated ammonia was then reacted with aketoglutarate in the
presence of NADH and Glutamate dehydrogenase to form LGlutamate and NAD+.
Absorbance was measured at 340 nm. The initial rate of this change was proportional

to the amount of urea in the sample.

Urease
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Urea + H20 —» 2NH3 + COz
GLDH

NH3 + a-Ketoglutarate + NADH —— > L-Glutamate + NAD+

3.8.1.3 Cystatin C

3.8.1.3.1 Preparation

100ul of capture antibody working solution was used to coat a ninety-six (96)
microplate well after which they were sealed and incubated overnight at room
temperature. Subsequently, aspiration wash was done three (3) times on the wells using
400ul of wash buffer and excess buffer was blotted on a clean paper towel. Blocking
was done with 300ul of the reagent diluent after which the wells were incubated for at
least 1 hour at room temperature. Aspiration wash was repeated once more to make the

wells ready for the samples

3.8.1.3.2 Assay Procedure

100ul of samples and or standard diluted in reagent diluent was added to the precoated
wells and incubated at room temperature for 2 hour after sealing with an adhesive strip.
Aspiration wash similar to that described above was performed prior to the addition of
100ul of detection antibody suspended in reagent diluent. The wells were sealed and
incubated for 2 hour at room temperature. The addition of working solution of
Streptavidin HRP (100ul) and substrate solution (100ul) before incubating wells room
temperature (for 20 minutes) were preceded by aspiration wash. 50ul of stop solution
was added to each well (mixing thoroughly) before determining their optical densities

at 450nm with a wave length correction at 540nm
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3.8.1.3.3 Result calculation

The average of duplicate readings for the standard, control and samples were subtracted
from the average zero standard optical density. A standard curve was then created by
reducing the data which was obtained with computer software capable of generating a

four parameter logistics (4PL) curve.

3.8.2 Haematological Analysis
The Sysmex KX-21 is a fully automated analyser capable of analysing the following
parameters using three detector blocks and two separate kinds of reagents (cell pack

and stromatolyser-WH):

Whole white blood cell (WBC) (Analysis principle: DC detection method)

RBC (red blood cell) (Analysis principle: DC detection method)

HGB (Haemoglobin) (Analysis principle: Non-Cyanide haemoglobin analysis method)

HCT (Haematocrit value) (Analysis principle: RBC pulse height detection method)

3.8.2.1 Principle of Operation

In the blood cell count by DC detection method, the anticoagulated blood sample is
aspirated and measured to a predetermined volume, diluted to a specific ratio, and then
fed into each transducer. The transducer chamber has a minute hole called the aperture
besides which the electrodes generate direct current. Blood cells suspended in the
diluted sample pass through the aperture and cause a direct current resistance to change
between the electrodes. As direct current resistance changes, the blood cell size is
detected as an electric pulse. Blood cell count is calculated by counting the pulses, and
a histogram of blood cell sizes is plotted by determining the pulse sizes.

Histogram could be used to analyse the various data generated.
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3.8.2.2 Non-Cyanide Haemoglobin Analysis Method

Unlike other automated analysers which wuse the cyanmethaemoglobin or
oxyhaemoglobin technique to estimate the haemoglobin, the Sysmex KX-21 by the use
of the non-cyanide analysis method combines the strength of the two techniques such
that it compensates for the deficiencies of not being able to yield high results because
of the presence of excess methaemoglobin as in the case of oxyhaemoglobin technique
and also avoids the toxic nature of the cyanide used in the cyanmethaemoglobin

technique

3.8.2.3 WBC/HGB Analysis Flow

3.8.2.3.1 Whole Blood Mode

6ul of the EDTA anticoagulated blood sample was aspirated via the sample valve and
transferred into the WBC transducer chamber alongside 1.994ml of the diluent with a
concurrent addition of 1.0ml of WBC/HGB lyse to give a 1:500 dilution of the sample.
The mixture having been allowed to react for at least 10 seconds caused the

RBC to haemolyse and the platelet to shrink while the WBC remained intact.
Approximately Iml of the diluted haemoglobin sample in the WBC transducer is
transferred to the HGB flow cell. A light beam of wave length 555nm is subjected to
the sample in the HGB flow cell and the concentration measured as absorbance and
compared to that of the diluent alone that was measured before the addition of the
sample thereby calculating the Haemoglobin value. 500ul of the sample in the WBC
transducer is aspirated through the WBC aperture during which pulses generated by the

cells are detected by a DC method.

3.8.2.3.2 RBC/PLT Analysis Flow in Whole Blood Mode
4ul of EDTA anticoagulated blood was aspirated via the sample probe into the sample

rotar where a 1: 500 dilution of it is made by the addition of 1.996mls of the diluent and

44



brought to the mixing chamber (first dilution). A second dilution of 1:25000 is made by
adding 1.96mls of the diluent to 40ul of the first dilution and aspirated via the sample
rotar valve into the RBC/PIt transducer chamber (second dilution). 250ul of the second
dilution in the RBC/PIt transducer is aspirated through the aperture where RBC and
platelets are counted by a DC method. Haematocrit (HCT) was measured

simultaneously by the RBC pulse height detection method.

3.8.2.3.3 Calculation of RBC Constant
RBC constant (mean RBC volume, mean RBC haemoglobin, mean RBC haemoglobin

concentration) is calculated from RBC, HGB, and HCT.

Mean RBC Volume (MCV)

Calculation is made from RBC and HCT by the formula below:
MCV (1) = HCT

RBC
Mean Cell Haemoglobin (MCH)
Calculation 1s made from RBC and HGB by the formula below:
MCH (pg) = HGB

RBC

Mean Cell Haemoglobin Concentration (MCHC)
Calculation is made from HCT and HGB by the formula below:
MCHC (g/dl) = HGB

HCT

3.8.3 Immunological assays

Immunological assays for cell counts relating to cluster of differentiation (CD4 and
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CD3), was done using the FACS count flow cytometer (Becton Dickenson and
Company, California, USA) on the non-haemolysed anticoagulated (EDTA) sample
within two (2) hours of sample collection. The analyser also gave the ratio of CD4 and

CD3 for each sample.

3.8.3.1 Principle of Operation

When EDTA whole blood is added to the CD4/CD3 reagents, antibodies which are
fluorochrome-labelled in the reagents bind specifically to antigens on the lymphocyte
surface. These are then fixed in a formalin base fixative solution and analysed on the
FACS flow cytometer. The cells come in contact with a laser light, which causes the
fluorochrome-labelled cells to fluoresce. This fluorescent light provides the information
necessary for the instrument to count the cells. In addition to containing the antibody
reagent, the reagent tubes also contain a known number of fluorochromeintegrated
reference beads. These beads function as a fluorescence standard for locating the
lymphocytes and also as a quantitation standard for calculating the cells. Analysis is
automatic. The software identifies T-lymphocyte populations and calculates the

absolute counts.

3.8.4 Estimation of GFR

Estimated glomerular filtration rates (eGFRs) for the various participants were
calculated using creatinine based renal function equations (Schwartz; eGFR = k
(k=.055) x height (cm) / serum creatinine (mg/dl), Counahan-Barrat; eGFR =k (k=
0.43) x height (cm) / Serum creatinine (mg/dl) and Leger; eGFR=k (k= 0.542) x
(weight (kg)/serum creatinine (mg/dl))+9.948 (height (m)? /serum creatinine (mg/dl)))
or cystatin based equations (Larsson; eGFR = 77.24 x (Cys !2%), Rule; eGFR = 76.6

x Cys ¢ and Zapittelli; eGFR = 75.94 x Cys 1),
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3.8.5 Urinalysis

Each participant was given a 50ml urine sample container and with guidance from their
parent or care-giver instructed to void directly into the container. Each participant
produced at least 20mls of fresh urine (at least 2 hours of bladder incubation) which
was kept in an ice chest at a temperature of about 4-8 C prior to analysis. Each urine
sample was brought to room temperature prior to analysis. Urinalysis covered
macroscopic (i.e. physical examination looking at colour; straw, amber, blood stained,
coca cola etc and appearance of the urine; clear, hazy or cloudy), chemical analysis
(using an eleven (11) parameter commercially available urine dipstick; Dirui H11-
800MA from Dirui Industrial Co., Ltd, Changchun jili

130012 P.R China), and microscopic examination of sediments from the urine deposit

(using x 10 and x 40 objectives).

3.8.5.1 Test Procedure
About ten (10) mls of well mixed uncentrifuged urine sample which had been brought
to room temperature was poured into pre-labelled plastic centrifuge tube for each

subject.

A single eleven (11) parameter Dirui urine dipstick was removed from its container
(hundred (100) per container) and its reagent area completely immersed in the urine for
a few seconds (between 3-5 seconds). The immersed dipstick was tapped against the
rim of the urine container upon removal to take out excess urine from the strip and also
possible mix up or contamination from adjacent reagent pads. Each dipstick was read
by matching it against the colour chart on its container according to the manufacturer’s
waiting and reporting time. Control sample were run in similar manner as described
above with urine samples known to be negative or positive for the various parameters

on the urine dipstick.
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3.8.5.2 Test Principles and Limitation of the urine dipstick

The diagnostic strips for urinalysis are firm plastic strips to which are affixed several
separate reagent areas. These tests provide information regarding the status of
carbohydrate metabolism, kidney and liver function, acid-base balance, and urinary

tract infection

3.8.5.2.1 Leukocytes

The test unveils the presence of granulocytes esterases. Granulocyte esterase through a
hydrolytic action breaks down indoxyl esters and the resultant indoxyl interacts with
diazonium salt to give a purple colour. Granulocytes esterase tests could be positive in
the absence of intact microscopic cells especially when the leukocytes have been
destroyed. Vaginal discharge could occasionally give false positive result. Urine
glucose concentrations between 55-110mmoland high specific gravity could cause
decreased test result sensitivity. Additionally the presence of cephalothin and
tetracycline could cause decreased reactivity, and their high levels in urine could cause

a false negative reaction.

3.8.5.2.2 Urobilinogen

This test is founded on the Ehrlich reaction in which p-dimethylaminobenzaldehyde
react with urobilinogen. The test area detects urobilinogen in concentrations as low as
3umol/L (approximately 0.2 Ehrlich’s units/L) in urine with a colour range of beige
through pink to dark pink. The reagent area could react with interfering substances
known to react with Ehrlich’s reagent. Excreted pigments and medicaments that have
intrinsic coloration in acidic medium could produce false positive results. The test is
inhibited by elevated concentrations of formaldehyde. Strip reactivity increases with

temperature; the optimum temperature is 22°C-26°C.
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3.8.5.2.3 Bilirubin

The test principle is based on the van den Bergh principle in which there is the coupling
of bilirubin with diazonium salt in an acid medium resulting in the formation of
azobilirubin. Normally bilirubin is not detectable in urine by even the most sensitive
methods. Even trace amounts of bilirubin are significantly abnormal to require
additional investigation. Reagent area produces various shade of pink to violet for a
positive test. Some urine components (medicines, urinary indicants) may produce a
yellowish or reddish discoloration of the test paper that could interfere with interpreting
the result. Ascorbic acid concentrations of 1.4mmol/L or greater could cause false

negatives.

3.8.5.2.4 Blood

The test principle is based the peroxidise-like activity of haemoglobin and myoglobin.
Haemoglobin and myoglobin catalyse the oxidation of the indicator by means of
organic hydroperoxide contained in the test paper resulting in the formation of
dimethylbenzidine. This test is highly sensitive and colour change ranges from yellow
for negative through green and dark blue for positive test. Intact red blood cells give
green spots on the reagent area. The sensitivity of this test may be reduced in urine with
high specific gravity. The test is equally sensitive to myoglobin as to haemoglobin
(Haemoglobin concentration of 150ug/L-620ug/L is approximately equivalent to 5-15
intact red blood cells per microlitre). Captopril and Lodine may also cause decreased
reactivity. Blood is often found in the urine of menstruating females. Certain oxidizing
contaminants, such as hypochlorite, could produce false positive results. Microbial
peroxidase associated with urinary tract infection could cause a false positive reaction.
Ascorbic acid concentrations of 1.4mmol/L, or greater may cause false negatives at the

trace levels.
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3.8.5.2.5 Nitrite

The test is based on the Griess’s test principle where dietary nitrate is converted to nitrite
by the action of Gram negative bacteria in urine resulting in formation of 1, 2,

3, 4-tetrahyrobenzo (h) quinolin-3-ol-azo complex. The test is particular for nitrite. Any
degree of uniform pink colour development is interpreted as a positive. A nitrite positive
test indicates the presence of bacterial of about 10° or more organisms per ml. The
colour generated on the test area does not necessarily equate to the number bacteria
present and a negative result does not necessarily mean that there is no significant
bacteria. Negative results could occur when urinary tract infections are caused by
organisms which do not contain reductase to convert nitrate to nitrite or when urine has
not been retained in the bladder long enough (4hrs- 8hrs) for reduction of nitrate to
occur. Again, when dietary nitrate is absent, and organisms containing reductase are
present and bladder incubation is ample specimens containing nitrite ion concentrations

of 35umol\L or less could give a negative result.

3.8.5.2.6 pH
The test is used to access the acidity or alkalinity of a urine sample. It is based on the
double indicator principle and contains a mixed indicator which assures marked change

in colour to cover the entire urinary pH of 5to 8.5.

3.8.5.2.7 Specific gravity (SG)

The specific gravity test assesses the diluting and concentrating ability of the kidney.
The reagent area of the dipstick detects urine SG ranging from 1.000 to 1.030. Its
reagent area has a detergent which reacts with bromthymol blue indicator in the
presence of ionic constituents (solute) in urine resulting in a change of colour which
ranges from green to yellow. Generally SG values correlate within 0.005 with values

obtained with the refractive index method. Accuracy increases by adding 0.005 for urine
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with pH 7 and higher and 0.010 with pH 8 and higher. Extremely alkaline urine could
result in low readings when compared to other methods and presence of protein in

quantities greater than 5g/L in urine could result in higher SG values.

3.8.5.2.8 Protein

The test is based on the protein error of indicator principle where tetrabromophenoblue
changes colour in the presence of protein. The reagent area of the dipstick is more
sensitive to albumin could be altered in urines with elevated pH (up to 9). Residual
disinfectants containing quaternary ammonium groups or chlorhexidine in the urine
vessel could lead to a false positive result. Colour change ranges from yellow through

various shades of green to blue.

3.8.5.2.9 Glucose

The test is based on the glucose oxidase-peroxidase reaction. Glucose oxidase catalyses
the formation of gluconic acid and hydrogen peroxidise from the oxidation of glucose.
The peroxidase then catalyses the reaction of hydrogen peroxide with a potassium
iodide chromogen to form benzoqoinoneimine which gives a range of colours. The test
is glucose sensitive; no substance voided in urine other than glucose is known to give a
positive result. Ascorbic acid of more than 1.4mmol/L and high ketone concentrations
(8mmol/L) could cause false negatives for specimens containing small amounts of
glucose (5.5mmol/L). The responsiveness of the glucose test diminishes as SG of the
urine increases. False positive reactions could be caused by hypochlorite or peroxide

(often associated with cleaning agents). Reactivity could also vary with temperature.

3.8.5.2.10 Ketone

This test is based on the legal’s test principle where acetoacetic acid reacts with

nitroprusside to form enamine which gives shades of colours ranging from buff-pink
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for negative to maroon for positive. The test is much more sensitive to acetoacetic acid
than acetone. It is however not sensitive to B-hydroxybutyne acid. Some high SG and
or low pH urines could give trace results. Urine specimen from healthy persons usually
yields negative results for the ketone test. False positive results could occur with highly

pigmented urine specimens or those containing large amounts or levodopa metabolites.

3.8.5.2.11 Urine sediment preparation

Each of the 10ml urine samples was spun at 1500rpm for 3 minutes with a centaur 2
IEC CL 30 centrifuge from Thermo Electron Corporation. Subsequently the supernatant
was completely decanted and the tubes reinvented to allow traces of the urine around
the inner walls of the tube to settle on the deposit. The sediments were re-suspended
with a few finger taps at the base of each tube. With the help of a plastic Pasteur pipette
a drop (about .01ml) of the well mixed deposit was placed on clean, grease free, dry
glass slide and covered with a 22x22 mm cover slip for microscopic examination. Each
prepared wet preparation was examined first with x10 objective to scan the field and
also x40 for further identification of various cells. The principle of the urine sediment
preparation is based on gravity, thus the relatively heavy components of the urine settled

at the base for re-suspension and subsequent examination.

3.8.5.2.12 Microalbumin

Microalbuminuria refers to an albumin concentration in the urine which is greater than
normal, but which is not usually detectable with routine protein dipstick assays which
allow measurement of albumin at levels of 15 mg/dL or greater. Albumin is the
commonest protein implicated in majority of renal diseases. Thus, monitoring lower
concentrations of it in the urine is useful for early detection in patients at risk for renal

disease. The test involved the use of sulfone phthalein, a highly sensitive dye for
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microalbumin using the protein error method (using urine dipstick from DIRUI

industrial co., Itd, Changchun jili 130012 P. R China).

3.9 ETHICAL ISSUES

Ethical Clearance was obtained from the Joint Committee on Human Research,
Publication and Ethics (CHRPE) of the School of Medical Science (SMS), Kwame
Nkrumah University of Science and Technology (KNUST)/ Komfo Anokye Teaching
Hospital (KATH). Permission was also sought from Agogo Presbyterian Hospital and

Suntreso Government Hospital.

The parents and care-givers of the study participants acceded for their children to be
involved in the study after they had been given enough information about the study so
as to allow them make an informed voluntary decision for these children. Assent forms
were given to these representatives of the study participants to sign or thumb print
before the commencement of the study. Additionally, options were made for these
subjects through their representatives to opt out of the study without reason at any point

of the research.

The study was conducted in accordance with the Ethical Principles of the committee on
human research, publication and ethics (CHRPE) - Kwame Nkrumah University of
Science and Technology/ School of Medical Sciences (KNUST/SMS) and under
standard laboratory practices. All wastes were disposed in accordance with the waste
management protocol (infectious materials were discarded into yellowed coloured
plastic lined dust bins while the surface of the working benches were disinfected using
0.5% hypochloride solution) . The study was subjected to a high quality external quality
control (EQC) checks and about 10% of samples were randomly selected and delivered

to another reputable laboratory; Medilab diagnostic centerBantama, for confirmation
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and validation of results. Additionally, the biochemical analysis included calibrators and
controls from the reagent manufacturer (ELICAL and ELITROL; ELITEC reagents)
which had to be reconstituted, analysed and passed or accepted by the Selectra junior

biochemistry analyser before the study samples were analysed.

3.10 STATISTICAL ANALYSIS

Data was recorded into excel and analysed with GraphPad Prism version 5 (San Diego
Carlifornia, USA, www.graphpad.com). Data was expressed as mean + SD and
proportions. Continuous data were compared using the unpaired t-test while categorical
data were compared using chi square (2) test. The P value was set at P <

0.05 of confidence interval.

CHAPTER FOUR
4.0 RESULTS

Table 4.1 presents the general characteristics of the studied population stratified by
infection with the case group being categorized as HIV-infected and the control group
as HIV negative. There was no significant difference in age among the two
classification criteria (7.4 = 2.6 and 7.5+ 2.5years, p=0.7729 for case and control groups
respectively). The control group were significantly heavier (20.2 £ 6.6 kg) when
compared with the case group (18.7 £ 6.7, p=0.0232). No significant difference was
observed in the mean height of the two groups but the BMI was significantly increased
in the control group (15.6 £ 2.0 kg m™) compared with the case group (14.7 = 1.8 kg
m2, p<0.0001). The proportion of participants within the case group who were on drugs
was 77.1% mean duration of infection of 3.7 + 2.4 years with a mean duration on drugs
of 3.1 £ 2.2 years. The BMI of the study participants was categorized using BMI-for-

age to estimate the proportion of participants falling within the extremes of normal
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weight. A Chi-square for trend analysis showed a significant difference in the number
of the participants within the sub-categories with 11.3% of the case group falling within
the category of grade 3 thinness compared to 2.0% for the control group. 8.6% of the
participants within the case group versus 4.0% of the participants within the control
group had grade 2 thinness. 12.7% of the participants within the case group and 9.4%
of those within the control group were within the grade 1 thinness category. No
significant differences were observed in the mean concentrations of urea (3.6 £ 2.1 vs
3.3+ 1.4 mmol L!; p=0.0710) and creatinine (60.8 + 25.7 vs 62.0 = 12.3 mmol L) as
observed among the case group and the controls.

Table 4.1: Demographic and biochemical characteristics of the studied population
HIV-infected HIV-negative

Variables (n =362) (n = 149) p-value
Age (years) 74+2.6 7.5+2.8 0.7729
Weight (kg) 18.7+6.7 20.2+£6.6 0.0232
Height (cm) 111.1+17.4 112.0+15.2 0.5735
BMI (kg m?) 14.7+1.8 15.6£2.0 <0.0001
Duration of Infection (years) eSS
Duration of drug use (years) 3. Lt 2.2
BMI categories Grade

I thinness 46 (12.7) 14 (9.4)

Grade 2 thinness 31 (8.6) 6 (4.0)

Grade 3 thinness 41 (11.3) 3(2.0)

Normal weight 240 (66.3) 119 (79.9)

Obese 3(0.8) 53.4)

Overweight 1(0.3) 2(1.3) <0.0001
Sex

Male 165 (45.6) 61 (41.9)

Female 197 (54.4) 88 (59.1) 0.3780
Drug use Yes

279 (77.1)
No 83 (22.9)
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Urea (mmol L) 3.6+2.1 33+1.4 0.0710
Creatinine (umol L) 60.8 +£25.7 62.0+12.3 0.5712

Data are presented as meanstSD and proportions. P-value defines the level of

significance when HIV-infected children were compared with HIV-negative children
(unpaired t-tests); BMI categories were determined for age and sex using z-

anthropometry

Figure 4.1 shows the percent distribution of HIV-infected children on antiretrovirals
within the three categories of nucleoside reverse transcriptase inhibitor, nonnucleoside
reverse transcriptase inhibitor and a combination of both. A great majority (51.7%) of
the children were on lamivudine (3TC) + zidovudine (ZDV) + efavirenz (EFV)
combination followed by lamivudine + zidovudine + nevirapine (18.8%), lamivudine
(3TC) + Abacavir (ABC) + efavirenz (7.9%), nevirapine + efavirenz

(4.8%), lamivudine + Abacavir + nevirapine (3.8%), lamivudine + efavirenz (2.7%),
Abacavir + nevirapine (2.4%), zidovudine + nevirapine (2.1%), Abacavir + nevirapine
+ efavirenz (1.7%), Abacavir + efavirenz (1.7%), lamivudine + nevirapine (0.7%),
lamivudine + nevirapine + efavirenz (0.3%), zidovudine + efavirenz (0.3%), nevirapine

(0.3%), lamivudine (0.3%) and Abacavir (0.3%).
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Figure 4.1: Percent distribution of HI'V-infected children on antiretrovirals

The haematological characteristics of the studied population stratified by infection are
as presented in Table 4.2. The mean red blood cell count (RBC) concentration estimated
for the case group (4.0 £ 0.6 x10'%/L) was significantly lower when compared with that
of the control group (4.2 £ 0.9x10'%/L; p=0.0074). Likewise, the mean haemoglobin
concentration (10.8 = 1.5 g dL™") of the case group was significantly lower when
compared with that of the control group (11.7 + 2.1 g dL"!; p<0.0001) but a comparison
of the mean packed cell volume (PCV) between the case group (33.3 = 4.1) and the
control group (32.7 £ 5.7) showed no statistically significant difference (p=0.1532). The
mean white blood cell count (WBC) as estimated in the case group (6.7 = 3.1 x10°/L)
was also significantly lower when compared to that estimated in the control group (8.8
+ 3.4 x10°/L; p<0.0001). The mean cell volume (MCV) estimated for the case group

(83.5 £ 10.0 fL) was significantly higher when compared with that estimated in the
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control group (76.9 = 10.0 fL; p<0.0001) but the mean cell haemoglobin (MCH) of
(26.9 + 3.6 pg/cell) and mean cell haemoglobin concentration (MCHC) of (32.2 + 1.9
g L!) estimated for the case group were significantly lower compared with that of the
control group (28.2 + 3.2 pg/cell and 35.5 + 3.1 g L"! respectively). The mean platelet
count (303.6 = 114.6 x10%/L) estimated in the case group was significantly higher
compared with that estimated for the control group (234.3 + 135.7 x10°/L; p<0.0001).
The mean CD4 count estimated in the case group was 786.3 + 50.9 cells mm™ with a
mean CD3 count of 2201.9 = 913.8 cells mm™.

Table 4.2: Haematological and immunological characteristics of the studied
population

HIV-infected (n HIV- Negative (n

Parameters =362) =149) p-value
WBC (x10°/L) 6.7+£3.1 8.8+34 <0.0001
RBC (x10'%/L) 4.0+0.6 42+09 0.0074
HB (g dL™) 10.8 £1.5 11.7+2.1 <0.0001
PCV 33.3+4.1 8% 5.7 0.1532
MCV (fL) 83.5+10.0 76.9 +10.0 <0.0001
MCH (pg/cell) 26.9+3.6 282 +3.2 0.0002
MCHC (g L) 8972271 0 St 3ot <0.0001
PLT (x10°/L) 303.6 + 114.6 2343 £135.7 <0.0001
LYM% 46.2 £ 13.1 31.8+15.0 <0.0001
MXD% 146+59 94+64 <0.0001
NEU% 39.1+£13.7 58.6£17.2 <0.0001
CD4 cells mm' 786.3 +50.9
CD3 cells mm’! 2201.9+913.8
CD4:CD3 04+0.3

Data are presented as means+SD. P-value defines the level of significance when HIV-

infected was compared with HIV-negative

The anthropometric outcomes of the studied population based on z-score estimations of

height-for-age (stunting), weight-for-age (underweight) and weight-for-height
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(wasting/thinness) using the United Kingdom (UK)), World Health Organization (WHO)
and the United States Centers for Disease Control (US) to determine the proportions
under each category (Table 4.3). The anthropometric indices are categorized as
adequate (z-score less than +2 and greater than or equal to -2), moderate (z-score less

than -2 and greater than or equal to-3) and severe (z-score less than -3).

Height-for-age (Stunting)

A greater percentage of the participants within the case group were more likely to
present with moderate and severe stunting when compared with the percentage
proportion of participants within the control group. The prevalence of moderate stunting
ranged from 27.6% (WHO) through 29.8% (UK) and 31.0% (US) in the HIV-infected
case group compared with the 9.4% (UK) and 8.7% (US and WHO respectively) among
the HIV-negative control group. The prevalence of severe stunting among participants
within the HIV-infected case group ranged from 20.2%

(US) through 22.9% (UK) to 24.9% (WHO) compared with the 0.7% (US, UK and

WHO respectively)estimated for participants within the HIV negative group.

Weight-for-age (underweight)

A greater percentage of the participants within the HIV-infected case group were more
likely to be moderately and severely underweight when compared with the HIVnegative
control group using the three defining criteria. The prevalence of moderate underweight
ranged from 14.6% (WHO) through 16.9% (US) and 18.0% (UK) for participants
within the case group compared with the prevalence rates of 12.1%

(WHO) to 13.4% (UK and US respectively) within the control group. The prevalence
of severe underweight ranged from 10.8% (WHO) through 15.5% (US) to 16.0% (UK)
in participants within the case group compared with the prevalence rates of 2.0%

(WHO), 6.7% (US) and 7.4% (UK) estimated for participants within the control group.
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Weight-for-height (wasting/thinness)

The prevalence of moderate wasting as determined using the US and WHO criteria for
the HIV-infected case group was 3.6% and 4.7% respectively but the prevalence
estimated for the HIV-negative control group showed a wide variation between the US
(11.0%) and WHO (4.7%) criteria. Severe wasting was around the same value for both
criteria, US (5.0%) and WHO (4.7%) in the case group and 5.4% (US) and 4.0% (WHO)

within the control group.
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Table 4.3: Anthropometric outcomes of the studied population using varied growth reference estimations

HIV-infected HIV-naive
US
UK N US WHO N UK N =149 WHO

Anthropometric Indices =362 (%) N=362(%) =362 (%) N =149 (%) (%) N=149 (%)
Height-for-age (Stunting)

Adequate (-2<z-score<+2) 161 (44.5) 165 (45.6) 168 (46.4) 126 (84.6) 127 (85.2) 129 (86.6)

moderate (-3<z-score<-2) 108 (29.8) 112 (31.0) 100 (27.6) 14 (9.4) 13 (8.7) 13 (8.7)

severe (z-score<-3) 83 (22.9) 73 (20.2) 90 (24.9) 1 (0.7) 1 (0.7) 1 (0.7)
Weight-for-age (Underweight)

Adequate (-2<z-score<+2) 229 (63.3) 233 (64.4) 225 (62.2) 118 (79.2) 119 (79.9) 120 (80.5)

moderate (-3<z-score<-2) 65 (18.0) 61 (16.9) 53 (14.6) 20(13.4) 20(13.4) 18 (12.1)

severe (z-score<-3) 58 (16.0) 56 (15.5) 39 (10.8) 11 (7.4) 10 (6.7) 3(2.0)
Weight-for-height (Wasting/Thinness)

Adequate (-2<z-score<+2) - 213 (58.8) 220 (60.8) - 77 (51.7) 88 (59.1)

moderate (-3<z-score<-2) - 13 (3.6) 17 (4.7) - 17 (11.0) 7 (4.7)

severe (z-score<-3) - 18 (5.0) 17 (4.7) - 8(54) 6 (4.0)

Data are presented as absolute values and proportions; - = parameter not determined by the UK growth reference estimation; UK-United

Kingdom; US-United States; WHO-World Health Organization






Table 4.4 presents the renal characteristics of the studied population stratified by
infection with the case group being categorized as HIV-infected and the control group
as HIV-negative. There was no significant difference in serum creatinine and urea
values of the participants (case group; 60.8 £ 25.7 and control group: 62.0 + 12.3 p =
0.571) and (case group; 3.6 £ 2.1 and control group; 3.3 = 1.4; p = 0.071) respectively.
The case group had significantly higher proteinuria 47(13.0%) compared to none in the
control group (0.0%); p < 0.0001 and even among the case group proteinuria was
significantly higher among the female participants compared to their male counterparts
(33; 70.2% and 14; 29.8% respectively). Similarly micro albuminuria was significantly
higher in the case group 95(26.2%) compared to the controls 9(6.0%); p <0.0001. Again
urinary cast and crystals were significantly higher in the case group compared to the
controls 35(9.7%) and 2(1.3%); p = 0.001 and 30(8.3%) and 0(0.0%); p= 0.0003
respectively. Other urinary deposit elements such as yeast like cells were also
significantly higher in the case group 16(4.4%) compared to the control group 0(0.0%);

p=0.0091
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Table 4.4: Renal biochemistry and urinalysis results of studied population

HIV +VE
VARIABLE CONTROL (%) HIV +VE (%) P VALUE P
MALE (%) FEMALE (%) VALUE

Creat 62.0+123 60.8 £25.7 0.571 63.24 +£27.7 58.66 +£23.7 0.0909
Urea 33+14 3.6+2.1 0.071 3.805+£2.7 3435+1.5 0.0417
Proteinuria
Yes 0(0.0) 47(13.0) < 0.0001 14(29.8) 33(70.2) 0.0035
Microalbuminuria Yes

14(9.40) 95(26.24) <0.0001 40(42.1) 55(57.9) 0.5174
Urine Deposits
Cast 2(1.3) 35(9.7) 0.001 15(42.9) 20(57.1) 0.5084
Crystals 0(0.0) 30(8.3) 0.0003 12(40.0) 18(60.0) 0.5217
Others
Yeast Cells 0(0.0) 16(4.4) 0.0091 7(43.8) 9(46.2) 0.8805

Data are presented as means + SD and proportions.

compared using the chi-square test.

Continuous data are compared using the unpaired t-test and categorical data are






Table 4.5 describes the prevalence of renal insufficiency (GFR <60 ml min™! 1.73 m?)
as determined with selected creatinine-based GFR estimating equations (Schwartz,
Counahan-Baratt and Leger equations) and Cystatin C-based GFR estimating equations
(Le-Bricon, Larsson, Rule and Zapittelli equations). The creatinine-based equations
showed varied prevalence for renal insufficiency between the HIV-infected case group
and the HIV negative control group. The Schwartz equation gave a renal insufficiency
prevalence rate of 34.5% and 30.2% for the case and control groups respectively. The
Counahan-Baratt equation gave a prevalence rate of 30.4% and 22.8% for the case and
control groups respectively. The Leger equation yielded the highest prevalence 84.0%
and 73.2% for the case and control groups respectively compared with the other two
creatinine-based equations. The Cystatin C-based equations showed none of the
participants within the case and control group respectively had eGFR < 60 ml min™!
1.73 m? using the Le-Bricon and Hoek. The Larsson, Rule and Zapittelli however
showed a significant 10.8%, 5.2% and 9.9% respectively among the case group against

0% for their corresponding control groups.

Table 4.5: Prevalence of renal insufficiency among the studied participants

HIV-infected N HIV-Negative
e¢GFR equations =362 (%) N =149 (%) p-Value

Cr-based equation

Schwartz

<60 125 (34.5) 45 (30.2) 0.417

Counahan-Baratt

<60 110 (30.4) 34 (22.8) 0.406
Leger

<60 304 (84.0) 109 (73.2) 0.702
Cys C-based equation
Le-Bricon <60

0 (0.0) 0 (0.0)
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Hoek
<60

0 (0.0) 0 (0.0)
Larsson

<60 39 (10.8) 0 (0.0)
Rule

<60 19 (5.2) 0(0.0)
Zapittelli

<60 36 (9.9) 0 (0.0)

Data are presented as absolute numbers and proportion; Cr-creatinine; Cys Ccystatin

C; eGFR-estimated glomerular filtration rate; eGFR measured in ml min™' 1.73 m?

The prevalence of HIV nephropathy (GFR <60 ml min"' 1.73 m™, microalbuminuria
and or proteinuria) as determined with selected creatinine-based GFR estimating
equations (Schwartz, Counahan-Baratt and Leger equations) and Cystatin C-based GFR
estimating equations ( Larsson, Rule and Zapittelli equations) is shown in table

6. The creatinine-based equations showed a HIV nephropathy prevalence of 27.6%,
29.1% and 29.6 for Leger, Counahan-Barat and Schwartz equations respectively while
the cystatin C-based equations showed a prevalence of 21.1%, 28.2% and

30.6% for Rule, Larson and Zapittelli respectively.

Table 4.6: Prevalence of HIV nephropathy (using eGFR< 60 ml min! 1.73 m2, +
microalbuminuria and or proteinuria)

HIV-infected N HIYV, Micalb + Prot N HIV nephropathy
eGFR equations =362 (%) =102 (%) (%)

Cr-based equation

Schwartz

<60 125 (34.5) 37 (36.3) 29.6
Counahan-Baratt

<60 110 (30.4) 32(31.4) 29.1
Leger

<60 304 (84.0) 84 (82.4) 27.6

67



Cys C-based equation

Larsson

<60 39 (10.7) 11 (10.8) 28.2
Rule

<60 19 (5.2) 4(3.9) 21.1
Zapittelli

<60 36 (9.9) 11 (10.8) 30.6

Data are presented as absolute numbers and proportion; Cr-creatinine; Cys Ccystatin
C; micalb; microalbumin, Prot; proteinuria eGFR-estimated glomerular filtration

rate; eGFR measured in ml min™ 1.73 m~

Figure 4.2 shows a comparison of the mean difference (bias) between the
creatininebased equations and their ability to estimate GFR in the HIV-negative control
group. From the mean difference plot, the Schwartz vs Counahan-Baratt equations
yielded the least bias of 6.9 followed by the Counaha-Baratt vs Leger (19.8) and
Schwartz vs Leger (26.6) equations respectively. It is thus immediately evident that the
Leger equation has the greatest probability of underestimating GFR among study
participants within the control group and as such the higher prevalence estimation of
participants with GFR <60 ml min™' 1.73 m?. The same could be said for the

Counahan-Baratt equation as against the Schwartz equation hence the ability of the
Counahan-Baratt equation to give a higher proportion of participants with eGFR <60

ml min™ 1.73 m?2.
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Figure 4.2: Comparison of mean difference between the Creatinine-based

equations among the HIV negative group

Figure 4.3 shows a comparison of the mean difference (bias) in the values of GFR as
estimated with the Cystatin C-based equations in the HIV negative control group. From
the varied comparisons, the Rule vs Zapittelli equations yielded the least bias of 0.4
although none of the equations classified any of the participants within the group as
having eGFR <60 ml min!' 1.73 m™. It is thus obvious from the mean difference plots
that the Cystatin C-based equations have the tendency to overestimate eGFR among
participants within the control group hence the inability to show a participant with

eGFR <60 ml min™' 1.73 m™.
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Figure 4.3: Comparison of the mean difference between the Cystatin-C based

equations among the HIV negative group

A comparison of the mean differences (bias) for the Creatinine-based equations among
participants within the HIV-infected case group also showed the CounahanBaratt vs
Schwartz equations yielding the least bias of -0.8 followed by the CounahaBaratt vs
Leger (29.2) and Schwartz vs Leger (37.2) equations respectively. A similar trend of
underestimating GFR by the Leger equation in the control group was observed in the
case group hence the ability of the Leger equation to predict a higher prevalence of
eGFR <60 ml min™! 1.73 m2 among the study participants within the case group (Figure

4.4).

For the Cystatin C-based equations, the Rule vs Zapittelli equations again yielded the
least bias of 0.2 among participants within the case group. Le-Bricon and Hoek
underestimated GFR and hence none of the participants within that group had eGFR

<60 ml min™! 1.73 m (Figure 4.5)
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Figure 4.5: Comparison of the mean difference between the Cystatin-C based

equations among the HIV-infected group
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CHAPTER FIVE
DISCUSSION

HIV associated nephropathy in children has far reaching effects (Anochie et al., 2008).
It is a speedily progressive form of chronic kidney disease and is extremely associated
with mortality (Anupama and Uma, 2014; Ikpeme et al., 2012). HIVAN world-wide is
estimated to be between 2% and 5% but has been shown to be as high as 15% in
populations of African ancestry (Ando et al., 2012). Although early recognition and
appropriate therapeutic interventions have been shown to retard disease advancement
(Grinsztejn et al., 2014), diagnosis requires kidney biopsy, an invasive technique which
requires special skills (Fine ef al., 2008) and which is virtually non-existent in majority
of the health facilities attending to and administering antiretroviral therapies (ARTs) in

Ghana.

5.1 ANTHROPOMETRIC OUTCOMES OF THE STUDY PARTICIPANTS
USING VARIED GROWTH REFERENCE ESTIMATIONS.

Height-for-age (Stunting)

Stunting or poor linear growth is an irreversible growth deficit characterized by
deficient height or length for age. Its preponderance is relatively higher in subSaharan
Africa and South Asia (Agedew ef al., 2015; Rah, et al., 2010; Victoria et al., 2008) and
affects close to 195 million children under five years of age in the developing world
(Duggan., 2010). Up to about 31% prevalence of stunting has been reported in HIV

infected children of African descent (Berger et al., 2008).

Findings from this study (Table 3) indicate a significantly higher prevalence of
moderate and severe stunting among the case group compared to the controls. This is
similar to observations made by Agedew et al., (2015) who reported 18.7% in a cross

sectional studies in Southern Ethiopia. Conversely, a relatively higher prevalence of
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58%, 46% and 36.6% had been reported in cross-sectional studies in South India
(Padmapriyadarsini et al.,2009; Kapavarapu et al., 2012) and Tanzania (Sunguya et al.,
2011) respectively. Additionally, studies in Tanzania and Mozambique have reported
significantly higher prevalence of moderate to severe stunting among HIV infected

children (McDonald ef al., 2012; Arpadi et al., 2013 respectively).

Although there is general agreement that there is a high prevalence of stunting in

HIV, the reasons propounded by these studies are wusually varied. While
Padmapriyadarsini et al., (2009) attributes this to undernutrition of HIV infected
children, probably due to inadequate breast feeding because of their mothers” HIV
status, other studies also indicate that the virus per se has nothing to do with stunting
and that in the same locality, both HIV infected and HIV negative children have similar
growth patterns (Rifkin et al., 2011; Lowenthal and Phelps, 2008). The relatively high
prevalence of stunting reported by Padmapriyadarsini et al., (2009) and Shet et al.,
(2009) in South India could be associated with differences in characteristics of the
participants. Whereas the case group (HIV infected children) in their study were
HAART-naive, majority of the case group in the present study (77.1%) were on
HAART. Again, while the participants in the Indian studies were from the socio-
economically vulnerable grouping and were disadvantaged by poverty, poor
infrastructure and limited access to basic health services, same could not be said about
this study. More so, documented studies from India had reported higher prevalence for
stunting in the range of 45-62% for studies conducted mostly among orphaned children
(Padmapriyadarsini et al.,2009; Shet et al., 2009) and about 46% in a mixed population

of orphaned and non-orphaned children (Shet ef al., 2009).

Poor growth is both a manifestation of HIV/AIDS as well as an independent risk factor

for death for persons living with HIV (Kawo et al., 2000; Chichumba et al., 2008).
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Stunting in such children is multi-faceted including antenatal, intrauterine, and
postnatal malnutrition, more commonly due to inadequate or inappropriate nutrition and

the impact of infectious disease (Agedew et al., 2015).

In instances where a relatively lower prevalence of moderate and severe stunting had
been reported contrary to our finding like was reported in Latin America and Caribbean
countries (11%) (UNICEEF, 2013), the reason has been associated with the selection of

the study participants who were less than or equal to 5 years (Agedew et al., 2015).

Significant increases in the prevalence of moderate and severe stunting as is observed
in this study could imply a probable impairment in the response to the ART used in
these children as has been reported elsewhere by other studies (Rajasekaran et al.,
2009). Similar result patterns have also been linked to delayed mental development,
poor school performance, reduced intellectual capacity and increased mortality in HIV
children (Burns et al., 1999; Kawo et al., 2000; Chichumba ef al., 2008; Mwaba et al.,

2015).

Weight-for-age (underweight)
Underweight (weight for age) is an important indicator of a population’s nutritional

health (Anigilaje et al., 2015).

In agreement with earlier studies such as those by Sunguya et al., (2011) who reported
a 22.1% prevalence of underweight in a cross sectional study involving ART-treated

HIV participants in Dar es Salaam, Tanzania, our study found a significantly higher
prevalence of moderate and severe underweight among the case group compared to the

controls (Table 3).

Factors such as maternal education and maternal nutritionary condition have been

linked with underweight presentations within children living with HIV infection
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(McDonald et al., 2012). Villamor et al., (2004) reported that a low level of maternal
education predicted linear growth slowdown among infants under 12 months of age
who were born to HIV-infected women in Tanzania. Similarly, McGrath et al., (2012)
found higher maternal education to decrease the risk of stunting and underweight
among HIV-exposed children in Kenya. In an analysis of Demographic and Health
Survey data from six countries in sub-Saharan Africa, maternal secondary education
was positively associated with weight for age z-score (WAZ) in Ghana, Nigeria, and
Tanzania (UNICEF, 2009). Mothers with higher levels of formal education may possess
greater knowledge of proper hygiene practices and optimal child caring and feeding
practices, which could be particularly important in the context of HIV (McDonald et

al., 2012)

Contrary to our findings however, studies from a retrospective cross-sectional study at
the Federal Medical Centre, Makurdi, in Nigeria showed lower prevalence. In that study
Anigilaje et al., (2015) reported 12.1% of underweight in a relatively younger HIV

population (ages up to 2 years).

In studies which reported a relatively higher prevalence of underweight compared with
the findings of our study; like Anyabolu ef al., (2014) and Palumbo ef al., (2010) who
reported a 58. 6% in a case control study in Nigeria and 50% prevalence in a South
African study respectively, the participants of the study were ART-naive contrary to that
of our study where 77.1% of the participants where on ART.

The high prevalence of underweight as is seen is this study could imply that the children
in the case group are relatively more vulnerable to infection. Underweight could
additionally be linked to the derailed intake and absorption of vital nutrients, including
amino acids, vitamins, and minerals, leading to increased risk of osteoporosis and

anaemia as are documented by Gjesdal et al., (2007).
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Weight-for-height (wasting/thinness)

Wasting is a common clinical presentation in children with HIV infection (Agedew et
al., 2015). Severe malnutrition among such infected children has a higher risk of
mortality than uninfected malnourished children. Factors such as low oral dietary
intake, malabsorption, endocrine disorders as well as metabolic disorders have been
associated with wasting in HIV infected children (Abram et al, 2000).Wasting is
documented to cause impairments in the functioning of the immune system and could
lead to increased severity and duration of susceptibility to infectious diseases and an

increased risk for death (Sunguya et al., 2011).

Contrary to numerous studies on wasting in children with HIV where results have
shown that higher prevalence of moderate and severe wasting was common among
persons with HIV; Chiabi et al., (2012) in a prospective case-control study in Cameroun
reported 56. 4%, Padmapriyadarsini et al.,(2009) in a cross sectional study reported
63% in Southern India, Anigilaje ef al., (2015) in Nigeria 33.5% , and Sunguya et al.,
(2011) who reported 13.6% in Dar es Salaam, Tanzania among HIV positive ART-
treated HIV participants there was no significant difference in wasting as is observed
between the HIV positive case group and the HI'V-negative controls in this study (Table
3). Characteristics of the study participants and the geographical location where the
studies were carried could have accounted for the difference in prevalence. For instance
while majority of our case group participants were on ART, those of the other studies
were ART-naive. Considering that about 77.1% of the case group were on ART and the
initiation and continuous use of ART by such children in Ghana require that the immune
and nutritional status of the children are continuously monitored, it stands to reason that
the HIV infected case group had gained weights which corresponded to the height and

age. Additionally study sites from Asian countries such as India where serious socio-
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economic challenges exist and where orphans had been used as participants for studies

have reported high prevalence for wasting (Saloojee ef al., 2007).

ART use, coupled with good dietary supplementation as documented by Fergussion ef
al., (2009) in their meta-analysis of HIV infected children in Sub-Saharan Africa could
account for or explain the relatively low moderate and severe wasting that is observed

in this study (Cobb and Bland, 2013; Sztam et al, 2010; Peters ef al., 2008).

5.2 PREVALENCE OF PROTEINURIA, MICROALBUMINURIA AND
COMMON URINARY DEPOSITS AMONG STUDY PARTICIPANTS.

Increased urinary protein, commonly detected using urine dipstick is often as a result
of increased filtration across the filtration barrier (glomerular proteinuria), decreased
reabsorption from the proximal tubule (tubular proteinuria) or increased secretion of

protein from the tubules (secretory proteinuria).

Proteinuria (Table 4) as observed in this study was significantly higher among the case
group than the control group. This observation is similar to the work of Struik et al.,
(2011) and Longo et al., (2011) in cross sectional studies conducted in Democratic
Republic of Congo and Congo respectively. Again Esezobor et al., (2010) reported from
Lagos- Nigeria, that compared with 6% of the fifty (50) controls (HIV naive), 20.5% of
the eighty-eight (88) HIV-infected children had proteinuria (p =

0.026). Additionally Ekulu et a/ (2010) showed the prevalence of proteinuria among
Congolese children living in Kinshasa in Democratic Republic of Congo with
HIV/AIDS was 23.8% also in agreement with the significantly increased prevalence of
proteinuria among the case group in this study (Table 4). The work of Ekulu et al.,
(2012) further showed that the HIV infected children had seven times more probability

of presenting with proteinuria than the controls (OR 6.9; IC 95%: 2.320.8; P<0.001).
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The prevalence of proteinuria from this work was however relatively higher compared
to the work done by Eden et al., (2012) which reported 17 (7.1%) proteinuria out of 240
HIV infected participants and Steel-Duncan et al.,(2008) who reported a 3.3% among
Jamaican children but was also relatively lower in prevalence when compared to works
done by Fabian ef al. (2011) in South Africa (44%), Mannix et al., (2014) (41.3%), and
Jao et al., (2011) in Cameroon (39%). Whereas Mannix et al., (2014) and Ekulu et al.,
(2012) attribute the high prevalence of proteinuria to the presence of the HIV and high
viral load (Mannix et al., 2014; Ekulu et al., 2012),Longo et al., (2012) attributed it to
immunodeficiency, low CD4 count and nutritional status of the participants. Studies
have demonstrated that the direct impact of human immunodeficiency viral components
(gp120, TAT) on the endothelium, leads to the expression of adhesion which promotes
and favour proteinuria (Blasi ef al., 2014). The study of Mannix et al., (2014) like many
other cohort study including that of Dimock ef al., (2009), reported a relatively higher
prevalence of proteinuria (30-45%) in Bethesda, USA. This relative high prevalence
could be attributed to difference in the characteristics of the study participants including
age, physiological state, nutritional and immunological status of the participants. In
instances where relatively lower prevalence was reported, participants were screened
and excluded using urine dipstick for proteinuria, leucocyte and nitrite (Barisoni et al.,

2000).

The relatively high prevalence of proteinuria as observed in this study is suggestive of
renal disorder; however this cannot be associated with drugs such as tenofovir, indinavir
and atazanavir which have been documented to be nephrotoxic (Kalyesubula and
Perazella, 2011) since they are not part of the administered drugs used for the children

in this study.
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Microalbuminuria on the other hand has been reported as a predictor of subclinical renal
involvement in systemic diseases including HIV nephropathy (Mistry, 2010). It refers
to albumin excretion above the normal range and has been defined as urinary albumin
excretion between 30 and 300 mg/day or in concentrations 20 to 200 pg/min. It develops
from progressive, subclinical, structural, and functional changes in the kidney and it is
useful as an early biomarker in the detection of kidney disease (Mudi et al., 2014).
Microalbuminuria in this study was significantly higher in the case group 95(26.2%)
compared to the controls 9(6.04%) (Table 4). This finding is similar to observations
made by Mosten ef al, (2015) who studied the prevalence of persistent
microalbuminuria in HIV infected children in a cross sectional analytical study in
Tanzania. Our finding is also comparable with the prevalence of 25% and 20.4%
reported in HIV infected children in South Africa and Tanzania respectively (Mistry,
2010). Han ef al., (2006) had a prevalence similar to those above in a cross sectional
study in South Africa. The findings of this study generally compares with the reported
prevalence of 10-33% reported from Port Harcourt- Nigeria in Africa, India, and the
United States (Mistry, 2010). The outcome of this study, however, differed significantly
from that obtained by Ezeonwu et al., (2012), Mudi et al., (2014), and Eke et al., (2010)
who obtained a prevalence of 0%, 6.7% and 12% respectively in HIV infected children
in Enugu, Kano and Port Harcourt all in

Nigeria. In these relatively low prevalence cases, the participant selection criteria
excluded proteinuria and other confounding factors such as hypertension, diabetes and
urinary tract infections which were largely age dependent and that could have accounted
for the low prevalence which was reported. Ethnic differences in most instances have

also accounted for relatively low microalbuminuria
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preponderance(Shah, 2011). Studies that largely involved HIV positive Caucasian
subjects seemed to observe a lower prevalence of microalbuminuria compared with
studies among patients of African origin especially so when persons of the SubSaharan
group have been shown to have a high prevalence of HIVAN and other HIV

nephropathies (Atta et al., 2005).

Such high prevalence in microalbuminuria as seen in this study could imply a decrease
in immunity among particularly the case group which is surmised from low CD4 count
and increased virial load (Mosten et al., 2015). It further could be flagging renal
complications within the case group which need attention as has been documented by

Eke et al., (2010) and Shah et al., (2012)

Again urinary cast and crystals were significantly higher in the case group than the
controls. Other urinary elements such as yeast like cells were also significantly higher

in the case group 16 (4.4%) than in the controls 0 (0%).

Crystalluria refers to the precipitation of crystals in urine from super-saturated urine
either in health or under pathological conditions. It leads to stone formation, which
predisposes HIV patients to acute renal failure (Roling er al, 2008). Several
medications that are insoluble in human urine are known to precipitate within the renal
tubules. Intratubular precipitation of either exogenously administered medications or
endogenous crystals (induced by certain drugs) can promote crystal nephropathy
(Yarlagadda et al., 2008). The prevalence of 9.7% crystalluria in this current study,
though slightly lower, compares well to the 10.7% reported at the Komfo Anokye
Teaching Hospital, by Ephraim et al., (2014) among adults living with HIV in the
Ashanti Region of Ghana. The relatively high significant prevalence of crystalluria

observed in this study is an indication that the participants were at risk and probably
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predisposed to urolithiasis and cysteinuria as had been reported by Ephraim et al.,
(2014) and Daudon et al., (2003). Crystallization, particularly in the case group of such
significant levels should be of concern because it has been reported as a risk factor for

kidney disease and reduced glomerular filtration rate (Garg et al., 2011) in other studies.

Urinary cast are cylindrical structures formed from Tamm-Horsfall mucoprotein, cells
and debris within the renal tubules. Casts, whether cellular or acellular could be seen in
a routine urine examination especially after strenuous exercise and also in aggravated
renal disease condition and are favoured by acidic urine conditions (Chawla et al.,
2008). Presence of cellular casts in urinary deposits could be interpreted to mean; red
cell casts are seen in glomerular disease, white cells casts are classically associated with
glomerulonephritis, renal tubular epithelial cell casts are always indicative of tubular
damage, and both coarse granular casts and waxy casts are formed from the breakdown
of cellular casts and therefore are indicative of renal pathology, possibly chronic or end-
stage renal disease, although might not be always so (Israni et al, 2007). The 8.3%
prevalence of cast observed in this study could be attributed to aside other reasons the
elaboration of cytokines and other protein elucidated as a result of presence of the HIV.
5.3 HAEMATOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF
THE STUDY PARTICIPANTS

Haematological manifestations have been documented to be the second most common
cause of morbidity and mortality in HIV patients (Munyazesa ef al., 2012). Typically
there is decreased cellularity and myelodysplasia (abnormal change of the cellular
structure, affecting cells of the erythroid lineage as well as those of the megakaryocytes)
as well as dysplastic changes of the granulocyte-macrophage lineage with arrest of
maturation in the marrow of HIV infected persons (Owiredu et al., 2011). Several

studies including those of Renner et al., (2013), Makubi ef al., (2012) and Calis et al,,
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(2008) have shown result patterns similar to those observed in this present study. The
mean red blood cell count (RBC) was lower in the cases group compared to the controls
group, similarly the mean haemoglobin concentration of the case group (10.8 + 1.5 g
dL") was significantly lower when compared with that of the control group (11.7 £ 2.1
g dL!; p<0.0001). Anaemia of varying prevalence have be reported by Ruhinda ef al.,
(2012) who reported 57.6% anaemia among HIV infected children aged 3 months and
18 years in Uganda and also 66%, 70%, 74.6%, 79.9% reported by Shet et al., (2009),
Shah and Katira (2011), Okechukwu (2010) and Adetifa et al., (2006) respectively.
Other studies reported relatively low prevalence for anaemia in HIV infected children
such as the 3% reported by Ezeonwu et al. (2014). The varying prevalence have been
associated with figures used in classifying anaemia such as the < 10.0g/dl used by
Okechukwu (2010) and Adetifa et al., 2006 (WHO standard) and the < 11.0g/dl used in
other studies such as Shet et al., (2009), Shah and Katira (2011). The haematologic
abnormalities observed in this study may occur as a result of the HIV infection itself,
as sequelae of HIV related infections or malignancies or as a consequence of therapies
used for HIV infections and associated conditions (De Santis et al., 2011; Mathews et
al., 2013; Enawgaw et al., 2014). Whereas age, drug use (particularly bone marrow
suppressing ones like ZDV), stunting and advanced stages of the HIV infections have
been shown as predictors of anaemia in children from Asian origin (Renner et al., 2013;
Shet et al., 2009), a high incidence of anemia which is not drug- related have been
demonstrated in black persons, although the black race has not been associated with
drug-related anemia (Redig and Berliner, 2013). This association has been documented
to be as a result of a number of black persons having sickle cell anemia and glucose-
6phosphate dehydrogenase (G-6-PD) deficiency. The prevalence of glucose-

6phosphate dehydrogenase (G-6-PD) deficiency ranges between up to 13% for black
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men and 3% for black women. Sickle cell anemia and G-6-PD are not routinely
diagnosed in children prior to ARV administration in most African countries including
Ghana where ZDV remains a first line drug (Renner ef al., 2013; Ruhinda et al., 2012).
Again, malaria which is one of the leading causes of anaemia in children and which is
a confounder for HIV morbidity in Sub-Saharan African continuous to be a challenge
in Ghana (Arinaitwe ef al., 2012). Malnutrition has been shown to contribute
significantly to anaemia due to the deficiency of iron, folate and B12 as well as
increased infection. Dietary supplements have been shown to correct anaemia and
weight loss in HIV-infected children (Simpore et al., 2005). Low CD4 counts (< 25%)
and high HIV-1 RNA levels in plasma have also been associated independently with
increased risk of anaemia (Volberding et al., 2004) in HIV. The mean white blood cell
count (WBC) as estimated in the case group (6.7 + 3.1 x10°/L) was also significantly
lower when compared to that estimated in the control group (8.8 + 3.4 x10°/L;
p<0.0001). Statistically significant low white cell counts as seen in this study

(case group; 6.7 = 3.1 x10°/L) compared to that estimated in the control group (8.8 +
3.4 x10°/L; p<0.0001) have been reported as a characteristic haematological feature in

HIV infection. Regardless of whether or not ART had been initiated, leucopaenia
typically in the neutrophil population (Neutropenia; though prevalence could indicate a
relative decline in children on HAART) or in the lymphocyte population

(lymphopaenia; though prevalence could indicate a relative decline in children on
HAART) have been observed. Enawgaw ef al., (2014) in a comparative crosssectional
study among adults reported 35.9% leucopaenia in HAART treated participants and
16.7% in HAART-naive participants in Gondar-Northwest Ethiopia, Patwardhan et al.,
(2002) reported 15.5% the in adult population in India while Matthews et al., (2013)
reported 5.9% in New Delhi. The mean cell volume (MCV) estimated for the case group

was significantly higher (83.5 = 10.0 fL) when compared with that estimated in the
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control group (76.9 = 10.0 fL; p<0.0001) but the mean cell haemoglobin (MCH) of
(26.9 £ 3.6 pg/cell) and mean cell haemoglobin concentration (MCHC) of (32.2 + 1.9
g L!) estimated for the case group were significantly lower compared with that of the
control group (28.2 + 3.2 pg/cell and 35.5 + 3.1 g L*! respectively). The results pattern
obtained in this study which is typical of normocytic hypochromic anaemia have been
reported widely among children with HIV compared to HIV naive children. Owiredu et
al., (2011), Moyle et al., (2002), Beach et al., (1998) and Burkes et al., (1987) reported
similar results pattern in their work. Moyle et al., (2002) like others mentioned above
associated the observed normocytic anaemia with vitamin B12 or folate deficiency and

in the setting of HIV treatment reflects the use of zidovudine.

The mean platelet count (303.6 + 114.6 x10°/L) estimated in the case group even though
normal was significantly higher compared with that estimated for the control group
(234.3 £ 135.7 x10°/L; p<0.0001), a situation which was unusual particularly between
children with HIV and those who did not have the infection. Several reasons however
could be assigned to why HIV naive children could have a relatively low platelet count
even in the absence of infection. Decreased production; usually as a result of viral
infection other than HIV and other conditions that affect the bone marrow, increased
platelet destruction as in idiopathic thrombocytopenic purpura (ITP) in which case the
body targets its own platelets and considers them as foreign cells and produces
antibodies against them in a highly uncommon situation or hemolytic-uremic syndrome
(HUS) which occurs from a particular strain of E.coli that causes food poisoning and
diarrhoea in children and increased platelet sequestration in which case the spleen
raptures as a result of liver cirrhosis caused by Hepatitis infection in children
(Munyazesa et al., 2012). The relatively normal mean platelet cell count seen in the

case group compared to the control have been considered under ITP
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5.4 USE OFCREATININE AND CYSTATIN-C IN THE ESTIMATION OF
GFR IN HIV/AIDS CHILDREN

Creatinine-based formulae are established methods for assessing kidney function;
however they are known to be fraught with several shortcomings in the general
population (Stevens et al., 2006; Levey et al., 1990) and particularly in HIV-infected
persons (Odden et al., 2007). Creatinine based estimations appear to be imprecise, and

could potentially lead to the over diagnosis of chronic kidney disease (Inker et al.,

2012).

Results from this study (Table 5) shows an increased prevalence of renal insufficiency
(eGFR <60 ml min™! 1.73 m?) in both case group and control group regardless of the
type of creatinine based equation used and the number further increases when the
Leger equation is used.

Notably, serum creatinine level is affected by non-renal factors, such as diet, race,
medication and muscle mass. The corresponding increase in renal insufficiency
(characterized by increased creatinine values) as was seen among the control group
could be as a result of dehydration (due to vomiting and diarrhoea) and starvation (low
dietary intake due to loss of appetite) resulting in malnutrition which could be seen in
sick children in Ghana. Creatinine clearance is additionally significantly influenced by
tubular secretion (Stevens et al., 2006). Compounding the problem is the dependence
of most laboratories on the modified kinetic Jaffe method which in itself is bedeviled
with limitations (Afolabi et al, 2009) for clinical decisions in Ghana. Several
endogenous and exogenous interfering substances have been documented to affect the
analytical specificity of creatinine when analysed by the Jaffe method. The huge
number of participants within the control group (Table 5); a relatively healthy

population, who were graded as having renal insufficiency (€GFR< 60 ml min™ 1.73
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m2) using the creatinine based equations surmise the fact that creatinine based
equations are not very specific and tend to underestimate GFR when they are not
standardised (Inker et al, 2012). Serum protein and bilirubin in particular is
documented to cause an overestimation of serum creatinine by as much as 15%— 25%
(Peake and Whiting, 2006).The escalating prevalence seen when the Leger equation
was used could further buttress the fact that the Leger equation is not suitable for use in
children. Malnutrition among children of sub-Saharan Africa origin, especially those
living with HIV/AIDS (Arpadi et al., 2000) further reduces the usefulness of serum
creatinine-based formulae in the routine assessment of kidney function and has
implications for early detection of impaired kidney function in these children (Jones et
at., 2008). Results from this study (Table 5) indicate a high prevalence of renal
insufficiency among the case compared to the controls. This was however not
significantly different from that observed among the control group and is similar to the
results documented from a cross sectional study in an adult population by Odden et al.,
(2007). Wools-Kaloustain et al., (2007) however reported a relatively lower prevalence
of 11.5% using the Cockcroft-Gault creatinine based equation in a HAART naive
Kenyan population compared to our study. Compared to creatinine however, cystatin C
is less affected by non-glomerular factors, such as muscle mass, medication, diet and
tubular secretion (Laterza et al., 2002; Bokenkam et al., 1998). Studies have shown
that, cystatin C-based formulae for estimation of GFR closely mirror gold-standard
measures of GFR and reflect changes in GFR earlier than creatinine-based formulae

(Filler et al., 2003; Jones et al., 2008).

Results from this study (Table 5) is similar to that reported by Esezobor et al., (2010)
in a case -control study in Nigeria where they reported using a cystatin-C based formula

a prevalence of 13.3% renal insufficiency in children infected with HIV compared with
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none (0%) among relatively healthy uninfected children. Our finding of high prevalence
of renal insufficiency (eGFR less than 60 ml/min/1.73 m?) in the HIV-infected children
is consistent with findings in an earlier study (Esezobor ef al., 2009) which documented
a proteinuria prevalence of 20.5% among a cohort of HIVinfected children. Other
studies have documented high prevalence of kidney diseases in HIV-infected persons
(Eke et al., 2007; Wools-Kaloustain et al., 2007; Gupta et al.,

2005). Jones et al., (2008) in a cross sectional study in Boston, Massachusetts and
Providence, Rhode Island, Jaroszewicz et al., (2006) in Poland, Odden ef al.,(2007) in
USA and Wools-Kaloustian and colleagues reported prevalence of renal insufficiency

between 11.5% and 15.2%, similar to the findings of this study.

The significantly high prevalence of renal insufficiency shown by GFR less than 60
ml/min/1.73 m?in this study supports the association between HIV infection and kidney
disease (Eke et al., 2007; Kimmel et al., 2003), and implies that HIV-related kidney
disease may be as common in Ghanaian children infected and living with HIV as there

are in other parts of the world (Eke et al., 2007; Gupta et al., 2005).

Again the fact these participants with reduced eGFR were selected from an outpatient
population probably indicates a chronic, rather than a rapidly evolving, reduction in
GFR. The high prevalence of glomerular dysfunction observed in the HIV-infected
children in this study warrants early detection of kidney involvement in HIV infection
and the institutionalization of measures that may halt progression to end-stage kidney

disease as has been reported by Esezobor et al., (2010).

5.5 PREVALENCE OF HIV NEPHROPATHY USING EGFR< 60 ML MIN!

1.73 M2, WITH MICROALBUMINURIA AND OR PROTEINURIA AS
HIVAN is the commonest form of chronic kidney disease ensuing directly from HIV

infection and occurs almost entirely among Africans (Herman and Klotman, 2003). Its
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prevalence has been determined in diverse ways including the use eGFR ml min™!' 1.73
m™2 and the presence of proteinuria and or use of sonographic description. The
prevalence range of 21.2% -30.6% obtained in this study compares favourably with the
31.6%, 24.2% and 29.8% reported by some workers in Nigeria, South Africa and
Washington DC respectively (Estrella and Fine, 2010; Ikpeme et al, 2012). Other
workers have reported prevalence of 19.4% (Szczech et al., 2010), and 20.6% (Ikpeme
et al., 2012). The relatively higher prevalence from this study may be attributable to the
fact that all the patients in the study population were Africans (Choi et al., 2009). Early
detection of HIV nephropathy may be beneficial in evaluating early treatment and
thereby preventing further disease progression to end stage renal disease, needing renal
replacement therapy among the study participants.

CHAPTER SIX
6.0 CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION
Stunting and underweight was prevalent among the HIV positive case group compared

to the HIV negative control group.

The study observed typical haematological derangements such as lower means for RBC
count, WBC count, MCH and MCHC within the case group compared to the control
group. The mean MCV and mean platelet counts were however higher among the case

group compared to the control group.
Cystatin-C better discriminated renal dysfunction among the study participants.

The Counahan-Baratt vs Schwartz creatine equations and the Rule vs Zapittelli cystatin-
C equations yielded better results in identifying renal diseases among the study

participants.
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Yeast cells, cast and crystals were significant and relatively common among children

with HIV infection.

Finally the study showed that microalbumin and proteinuria were prevalent among
children living with HIV/AIDS. These together with an estimated GFR< 60 ml min!
1.73 m? either by a creatinine or cystatin-C based equation could be the easiest,
cheapest, and readily available way of diagnosing HIV nephropathy among such

children in Ghana.

6.2 RECOMMENDATIONS
We recommend strongly that microalbuminuria or proteinuria screening whether by use
of a urine dipstick or through estimations should be considered a routine test for people

living with HIV.

Creatinine should not be used as a standalone test or renal function marker in children
unless in addition to microalbuminuria and or proteinuria or in estimation equations
such as eGFR which accounts for factors such as age, sex and body mass which are

known to affect creatinine estimations,

Cystatin-C 1s much sensitive and a more specific renal marker and should be preferred

to creatinine as a renal marker

Additionally children living with HIV with eGFR< 60 ml min™' 1.73m™ and who have
microalbuminuria and or proteinuria should have their treatment regimen revised in that

their result pattern points to HIV nephropathy.
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6.3 LIMITATIONS
The study did not include kidney biopsy which is the known gold standard for the
definitive diagnosis of HIVAN; hence the prevalence or proportion of HIV nephropathy

children who had HIVAN could not be establish.
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