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The ravages of the HIV-1 epidemic in sub-Saharan Africa persist, 
despite stringent HIV screening and combined antiretroviral therapy 
(cART) rollout programmes. Globally, 150 000 children were newly 
infected with HIV in 2015, albeit a decrease from the 490 000 
children in 2000.[1] In 2013, approximately 3.2 million children 
under the age of 15 years were living with HIV infection, of whom 
90% were from sub-Saharan Africa.[1] At the time, an alarming 70% 
of these children were not on appropriate cART management.[1,2] It 
is well established that HIV-infected children are at greater risk of 
developing kidney disease than children without HIV-infection.[3] 
HIV-associated nephropathy (HIVAN), one of the most common 
manifestations of HIV-related kidney diseases, remains a significant 
cause of morbidity and mortality in children, particularly in Africa.[1]

Currently, the only definitive way to diagnose HIVAN is by kidney 
biopsy, an invasive procedure that requires only a small portion of 
the kidney. However, there are several factors that limit the utility of 
a kidney biopsy. Sampling may be inadequate, the site of pathology 
may not be represented and the procedure, being invasive, is not 
without attendant complications.[4] To date, non-invasive strategies 
for detecting and monitoring the effect of kidney diseases in children 
primarily depend on: (i) abnormal urine sediments, including the 
presence of renal tubular epithelial and cast cells;[5] (ii) random 
urinary protein to creatinine ratio >1.0 mg/mg;[6] (iii) tubular 
disorders resulting in abnormalities in fluid and electrolyte balance; 
(iv) reduced glomerular filtration rate (GFR) <60 mL/min/1.73 m2; 
and (v) an elevated serum creatinine level based on cut-offs that 

vary with age. Several factors are posed against the utility of serum 
creatinine levels as these values are influenced by body weight, 
nutritional status, protein intake and muscle mass, all of which are 
affected in HIV-infected children.[7,8] Additionally, proteinuria can 
emanate from a variety of non-pathological factors, i.e. emotional 
stress, physical exertion, fever or orthostatic (postural) proteinuria.[9] 
Therefore the identification of novel biomarkers to aid definitive and 
early diagnosis of HIVAN could significantly influence the clinical 
care of HIV-infected children, as early institution of cART has been 
shown to improve the clinical outcome and survival.

Soler-Garcia et al. [10]  assessed the value of 11 urinary proteins in 
children with HIVAN compared with HIV-infected children with no 
kidney disease. Although these proteins were elevated in children 
with HIVAN, no significant biomarker was reported from this 
study in predicting HIVAN. Previous studies reported neutrophil 
gelatinase-associated lipocalin (NGAL) as an established biomarker 
of HIVAN in adults[11] and a urinary biomarker profile comprised 
increased levels of fibroblast growth factor-2 (FGF-2) and matrix 
metalloproteinase-2 (MMP-2), and decreased levels of epidermal 
growth factor (EGF) was shown to be useful in identifying HIVAN in 
children.[10,12] Despite these contributions, new candidate biomarkers 
for children with HIVAN are urgently needed to improve the 
predictive value of biomarkers in the detection of HIVAN.

Kidney injury molecule-1 (KIM-1) is a type I transmembrane 
glycoprotein, located on the apical membrane of dilated proximal 
tubules with a cleavable ectodomain (90 kDa).[13,14] It is negligibly 
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expressed in normal kidneys (<1 mg/mL) yet is rapidly elevated and 
expressed in response to various types of kidney disease (3 - 7 ng/mL).[13]

Interleukin-18 (IL-18), a member of the IL-1 family of cytokines, 
is synthesised as an inactive 23 kDa precursor by several tissues 
including proximal tubular epithelial cells, macrophages and 
monocytes.[15] Moreover, urinary IL-18 levels are elevated in patients 
with acute kidney injury and delayed graft function compared 
with normal subjects.[16] Recent studies have also focused on the 
diagnostic accuracy of IL-18 levels in predicting idiopathic focal 
segmental glomerulosclerosis (FSGS).[15]

Glutathione-S-transferase (GST-π) is a soluble cytosolic enzyme 
that indicates distal tubular injury.[17] Increased levels of GST-π in 
the urine after nephrotoxic injury are attributed to leakage from 
the tubular epithelial cells into the tubular lumen secondary to cell 
damage.[18] Leakage and increased expression of this urinary protein 
serves as an important biomarker of FSGS.

In an attempt to evaluate the accuracy of KIM-1, IL-18 and GST-π 
as predictors of kidney disease in HIV-infected children, notably 
HIVAN, we compared and contrasted the urinary levels of KIM-1, 
IL-18 and GST-π in children with HIVAN and idiopathic FSGS with 
children (HIV positive and HIV negative) with no kidney disease.

Method
Study design
Ethical approval (ref. no. BE094/16) to conduct the study was 
obtained from the Biomedical Research Ethics Committee of the 
University of KwaZulu-Natal and informed consent was obtained 
from the parent or guardian and assent (where applicable) from the 
patient. Urine samples collected for another study (ref. no. BE321/13) 
from children attending the Inkosi Albert Luthuli Central Hospital 
in Durban, KwaZulu-Natal, South Africa, were used for the study. 
Samples were collected about 2 - 4 years after the kidney biopsy 
was done and stored at –80°C for a period of about 2 months until 
analysed using Bio-Plex.

Study population
All children included in the study were black African children 
between 1 and 16 years. The study group (N=34) consisted of 
children with biopsy-proven HIVAN (n=13) and idiopathic FSGS 
(n=21). Comorbidity in the children with HIVAN included chronic 
lung disease (n=3), cardiomyopathy (n=5) and stunting (n=5). 
None had fever or other evidence of secondary infections at the 
time of sample collection. The control group (N=35) consisted of 
children who were HIV positive with no kidney disease (n=19) 
and HIV negative with no kidney disease (n=16). The latter group 
comprised HIV-negative children recruited from follow-up clinics 
with no kidney disease, e.g. respiratory, neurology and endocrine 
clinics.

All 13 children with HIVAN were on cART and angiotensin-
converting enzyme antagonists for a minimum of 2 years before 
recruitment. The 21 children with idiopathic FSGS (HIV negative) 
were on low-dose steroid, angiotensin inhibitors as well as 
additional immunonosuppressants such as calcinuerin inhibitors 
(cyclosporin or tacrolimus) or pulse doses of methylprednisolone at 
the time of sample collection. Children who were below the age of 
1 year or over 16 years, HIV-positive children with kidney disease 
but absence of kidney biopsy or inadequate histology, and those 
with histological forms of nephrotic syndrome (NS) other than 
FSGS were excluded. Urine was aliquoted and stored in cryovials 
at –800C until analysis.

Diagnosis of HIVAN
The diagnosis of HIVAN was made following confirmation of 
HIV-1 infection and presence of persistent proteinura ≥1+ on 

urinary dipstick examination (on at least 3 separate occassions in 
non-febrile children) with one or more of the following: (i) presence 
of enlarged echogenic kidneys by renal ultrasound; (ii) abnormal 
urinary sediment; (iii) microcystic tubular dilation, a childhood 
variant of HIVAN in the absence of significant podocyte lesions; and 
(iv) histological finding of FSGS..[19,20]

Multiplex method
The urine samples were analysed for KIM-1, IL-18 and GST-π 
using the quantitative Bio-Plex Pro RBM Kidney Toxicity 
Assay (Panel 1) (Bio-Rad Laboratories, USA) according to the 
manufacturer’s instructions.[21] The analysis of each sample was 
performed by means of low photomultiplier tubes (PMT) (Bio-
Plex 200). Data were collected and analysed using a BioPlex 200 
instrument equipped with Bio-Plex Manager analysis software 
version 4.1. A standard curve was generated using the known 
concentration (ng/mL) of each analyte by plotting the median 
fluorescent intensity (MFI) signal against concentration. These 
standards were used to interpolate the concentration of the unknown 
samples. Intra-plate variability was determined with CV ˂20% and  

between 70% and 130% (r=0.8, p=0.05). The data were imported into 
an Excel spreadsheet for statistical analysis.

Statistical analysis
All statistical analysis was undertaken using GraphPad Prism  
version 5 (GraphPad, USA). To analyse non-normal data, we used 
the non-parametric t -test (Mann-Whitney U). One-way ANOVA 
was used to correct for the multiple comparisons among the 
four study groups. Spearman coefficients were used to evaluate 
correlations between biomarkers. A p-value <0.05 was considered as 
statistically significant. Graphical data were represented as median 
and interquartile range.

Results
All 34 children with biopsy proven FSGS had a histopathological 
pattern of FSGS not otherwise specified according to the 
Columbian classification.[22] Thirteen children (19%) were HIV-
positive and were confirmed paediatric HIVAN whilst 21 (30%) 
children had idiopathic FSGS. The mean (SD) age for HIVAN 
and idiopathic FSGS was 14 (2.73) (range 8.2 - 16.3) and 10 (3.40) 
(range 4.1 - 16.4) years respectively. All patients presented with 
NS. The control group consisted of 35 children with no kidney 
disease; 16 children (23%) were HIV negative with a mean (SD) 
age of 5 (3.43) (range 1 - 11) years and 19 children (28%) were 
HIV-positive with a mean (SD) age of 11 (3.52) (range 5 - 15) 
years (Table 1).

The patients with established FSGS had stages 1 and 4 chronic 
kidney disease (CKD) according to the KDIGO classification.[8] In 
the idiopathic FSGS group, 14 patients had CKD stage 1; 4 stage 
2; 2 stage 3; and 1 stage 4. In the HIVAN group, 10 patients were 
CKD stage 1, 1 stage 2, and 2 stage 4. Based on the WHO Disease 
Staging System for HIV Infection and Disease in Children,[23] 10 
children were totally asymptomatic (Clinical Stage I) and 3 patients 
had persistent proteinuria (Clinical Stage 4). The latter patients 
were diagnosed with FSGS for a mean of 2.8 years with a range of 
2.1 - 4.3 years prior to study entry. Kidney biopsy showed FSGS (not 
otherwise specified) in all patients with over 80% of glomeruli having 
more than 50% sclerosis.

To identify associations with the variability, we compared urinary 
protein concentration of KIM-1, IL-18 and GST- π with age, weight, 
creatinine, urea, albumin, cholesterol and estimated glomerular 

Observed concentration

Expected concentration
×100( )
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filtration rate (eGFR) in the four groups of children. No significant 
correlations were observed between KIM-1, IL-18 and GST-π 
comparing the above clinical and biochemical findings, indicating 
that these factors had no major impact on the concentration of 
these urinary proteins in children.

Urinary concentration of KIM-1, IL-18 and GST-π
The urinary concentration of KIM-1, IL-18 and GST-π are displayed 
in Figs 1A, 1B and 1C, respectively. There was a significant increase 
of KIM-1 in the HIVAN group (mean 0.52 ng/mL; 95% confidence 
interval (CI) 0.035 - 0.0033) compared with the HIV positive 
control group (mean 0.048 ng/mL; 95% CI 0.074 - 0.022) (Mann-
Whitney U=74.00; p=0.0039). KIM-1 levels were up-regulated in 
the idiopathic FSGS group (mean 0.17 ng/mL; 95% CI 0.29 - 0.050) 
compared with the HIV-negative control group (mean 0.072 ng/mL;  
95% CI 0.14 - 0.0060); however, this did not reach statistical 
significance (Mann-Whitney U=88.00; p=0.18). There was also 
an increase in KIM-1 levels in the idiopathic FSGS group (mean  
0.17 ng/mL; 95% CI 0.29 - 0.050) compared with the HIV-positive 
control group (mean 0.048 ng/mL; 95% CI 0.074 - 0.022) but once 
again this did not reach statistical significance (Mann-Whitney 
U=116.0; p=0.074). Although KIM-1 levels were higher in children 
with HIVAN (mean 0.52 ng/mL; 95% CI 0.035 - 0.0033) compared 
with children with idiopathic FSGS (mean 0.17 ng/mL; 95% CI 
0.29 - 0.050), this increase was also not significant (Mann-Whitney 
U=114.5; p=0.22). There was a significant increase of KIM-1 in the 
HIVAN group (mean 0.52 ng/mL; 95% CI 0.035 - 0.0033) compared 
with the HIV-negative control group (mean 0.072 ng/mL; 95% CI 
0.14 - 0.0060) (Mann-Whitney U=58.00; p=0.044). No statistically 
significant differences of IL-18 and GST-π levels were noted across 
the study groups (Table 2).

Discussion
In a large paediatric study conducted across a spectrum of HIV-
related kidney diseases in children from the province of KwaZulu-
Natal, we showed a 65.3% predominance of FSGS, of which cases 
26.5% had collapsing glomerulopathy while 38.8% were the classical 
variant of FSGS (not otherwise specified).[20,22] In the present study, 
we report 3 candidate biomarkers (KIM-1, IL-18 and GST-π) in 
HIVAN (all with the classical variant of FSGS on histopathology) 
in children compared with idiopathic FSGS and HIV-positive and 
HIV-negative controls.

The only statistically significant increase was noted in urinary KIM-1 
levels in the HIVAN group compared with the HIV-positive and HIV-
negative control groups. In contrast, there was no significant difference 
in KIM-1 levels between the idiopathic FSGS group compared with 

Table 1. Clinical, demographic and laboratory data of patients 

Patient data

Groups*
HIV-negative control
(n=16)

Idiopathic FSGS
(n=21)

HIV-positive control
(n=19)

HIVAN
(n=13)

Age (years) 5 (3.43) 10 (3.40) 11 (3.52) 14 (2.73)
Weight (kg) 18.20 (10.55) 23.52 (9.31) 37.25 (13.73) 28.00 (11.39)
Creatinine (μmol/L) 30.64 (9.25) 47.26 (9.22) 40.33 (9.25) 77.31 (8.82)
Albumin (mg/dL) 26.89 (15.16) 33.08 (9.39) 29.36 (8.96) 34.70 (8.21)
Urea (mmol/L) 2.71 (1.58) - 5.44 (0.98) -
eGFR (mL/min/1.73 m) 214.00 (126.06) 137.00 (106.73) 209.04 (61.04) 121.61 (61.67)
Cholesterol (mmol/L) - 7.43 (4.06) 3.75 (0.68) 5.05 (2.68)
CD4 count - - 972.90 (644.00) 818.30 (666.17)
FSGS = focal segmental glomerulosclerosis; HIVAN = HIV-associated nephropathy; eGFR = estimated glomerular filtration rate.
*Quantitative data expressed as mean (standard deviation).
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Fig. 1 The urinary concentrations of (a) KIM-1, (b) IL-18 and (c) 
GST-π in HIV-negative control, idiopathic FSGS, HIV-positive 
control and HIVAN groups (median (interquartile range)). 
(KIM-1 = kidney injury molecule-1; IL-18 = interleukin-18;  
GST-π = glutathione-S-transferase-π;  FSGS = focal segmental 
glomerulosclerosis; HIVAN = HIV-associated nephropathy.) (*Urinary 
concentration of KIM-1 was significantly different between HIV-negative 
control and HIVAN (p=0.044). †KIM-1 was significantly different between 
HIV-positive and HIVAN (p=0.0039).)
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the HIV-positive and HIV-negative control groups. These results 
indicate that KIM-1 is up-regulated in children with HIVAN. Our 
results are corroborated by previous studies that report a dramatic 
increase of KIM-1 in patients who develop CKD in contrast to the 
low expression of this biomarker in healthy individuals.[14,24] Notably, 
using histopathology as the gold standard, KIM-1 was found to have 
the highest sensitivity and specificity amongst 21 urinary biomarkers 
studied in identifying kidney injury.[25-27]

To date, strategies for monitoring the effect of HIV on the 
kidney primarily depend on the surveillance of serum creatinine 
concentrations, which is an indicator of GFR rather than injury. 
Previous studies have shown that KIM-1 could be used as a urinary 
biomarker of kidney injury. Therefore it has been used to monitor 
the impact of HIV infection on the kidney, as well as the effect 
of antiretroviral therapy (tenofovir) that causes proximal tubular 
damage.[28,29] 

The severity of pathology in CKD has also been associated with 
elevated urinary KIM-1 levels.[30,31] However, in our study, KIM-1 
levels were not significantly elevated in children with idiopathic 
FSGS compared with HIV-positive and -negative children with no 
kidney disease (control). As KIM-1 is site specific, it is markedly 
expressed by proximal tubular cells in response to injury by 
shedding its ectodomain into the tubular lumen, and therefore 
may be particularly beneficial for detecting HIV-related kidney 
injury.[28] As KIM-1 may be an early marker of kidney injury 
emanating from damage to proximal tubular cells, in patients 
with CKD with established fibrosis the degree of ongoing 
tubular injury may have progressed to the stage where it may 
not significantly elevate levels of KIM-1. This possibly explains 
the slightly increased levels, albeit not statistically significant, in 
children with idiopathic FSGS with established disease compared 
with controls. Also, it is possible that the small sample size may 
be the reason that we did not detect significant differences across 
both study groups and controls.

KIM-1 is probably not specific for HIV infection as indicated 
in our study, as it was not significantly different in children with 
HIVAN compared with the idiopathic FSGS group. In the light of 
these findings, kidney biopsy will be required to confirm FSGS or 
other histological forms of kidney disease associated with HIV. In 
addition, our study did not determine the differences in KIM-1 
between HIVAN and other histological forms of HIV-related kidney 
disease. We submit that although our study showed a significant 
difference in KIM-1 levels between children with HIVAN, and 
both HIV-positive and HIV-negative controls, its sensitivity and 
specificity will need to be assessed in larger studies and its use will 
need to be compared with other non-specific biomarkers such as 
microalbumin which is much cheaper and readily available.

A study conducted by Kiliś-Pstrusińska et al.[30] has reported 
elevated levels of urinary IL-18 in idiopathic nephrotic syndrome 
(NS). The results of the above study indicated the relationship 
between the active phase of idiopathic NS and levels of IL-18, thus 
suggesting the role of IL-18 in the pathogenesis of idiopathic NS 
as well as its association with the activity of the disease. Similarly, 
Deebii et al.[31] also reported that IL-18 can be used as an early marker 
of subclinical kidney tubular dysfunction in patients who are HIV-
infected. IL-18 increases in urine only under conditions of marked 
tubular damage, apoptotic tubular cell shedding, and cell necrosis, 
all of which are associated with deterioration of kidney function.
Our study reports an increase in IL-18 in children with HIVAN 
and idiopathic FSGS compared with the controls (HIV-positive 
and HIV-negative), albeit non-significant. This finding may also 
be attributed to the small sample size used in our study, making it 
difficult to detect significant differences across the groups. Also, as 
IL-18 increases in the urine only under conditions of marked tubular 
damage, cell necrosis and apoptotic tubular cell shedding, this may 

have not been the case in our children who already had established 
disease.

Urinary GST-π excretions were also reported to be useful 
biomarkers of renal tubular injury.[32] GST-π is site specific, generally 
not present in the urine of normal subjects, but is markedly 
up-regulated in the distal tubular cells during renal injury.[33] Once 
again, we report a non-significant upwards trend in urinary GST-π 
levels in our study, although the levels were elevated in children with 
idiopathic FSGS compared with the controls. This lack of significant 
differences in GST-π levels between the study group and controls 
may again also be attributed to sample size or that our patients had 
established disease and were on treatment with arrested or markedly 
attenuated distal tubular cell injury.

There were few other limitations in our study, which was a 
retrospective study with urine samples stored at –80°C to prevent 
protein degradation. It is possible that with the length of time, storage 
may have resulted in a decrease of urinary proteins, thus negating 
any significant differences in urinary levels of the biomarkers we 
studied in the various groups. This study was a single-centre study in 
a homogeneous group of black African children and may therefore 
not be applicable to other population groups. Also, patients recruited 
into the study were on treatment, which could have affected the levels 
of urinary biomarkers studied.

Conclusion
The present study has demonstrated that KIM-1 is significantly 
elevated in children with HIVAN compared with HIV-positive and 
HIV-negative controls. Larger prospective studies to determine the 
role of KIM-1 in early detection of HIVAN, thus obviating the need 
for kidney biopsy, and allowing early institution of appropriate therapy, 
thereby improving clinical outcome and survival, are needed.
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