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Introduction
Accessible and affordable anti-retroviral 
therapy has changed the outcome of 
human immunodeficiency virus (HIV) 
infection from a potentially lethal disease 
to a chronic manageable infection. Heavy 
proteinuria and its rapid progression 
to end stage renal disease (ESRD) 
have been well recognized in HIV 
infected individuals. Renal disease was 
estimated to be the fourth leading 
cause of death by EuroSIDA study in 
the year 2009.[1] Renal manifestations 
can vary from glomerular diseases like 
HIV associated nephropathy (HIVAN) 
to interstitial diseases and medication 
related complications. The pathogenesis 
of renal damage depends on the interplay 
between immune and genetic factors of 
both virus and the host.[2] Early screening 
and antiretroviral therapy (ART) have led 
to improved outcomes in HIV infected 
individuals with kidney disease. There 
is a need for a robust biomarker which 
can identify renal damage early in the 
course of the disease. Microalbuminuria 
is an established early marker of 
subclinical renal disease and glomerular 
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Abstract
Introduction: Renal dysfunction and progression to end stage renal disease is well known 
in human immunodeficiency virus (HIV) infection. We studied the role of microalbuminuria 
and urinary NGAL levels in children with HIV infection for the prediction of renal 
dysfunction. Design and Methods: A cross-sectional study was carried out and 60 HIV infected 
children, aged (18 months to 15 years) were screened for microalbuminuria by nephelometry and for 
uNGAL by ELISA. Thirty healthy children were screened for uNGAL for normative data in Indian 
children. Results: The prevalence of microalbuminuria in studied population was 3.3%. The mean 
uNGAL and uNGAL/creatinine in study population was higher than controls (26.94 ± 93.12 ng/ml 
vs. 88.94 ± 345.20 mcg/g, and 15.53 ± 37.52 ng/ml vs. 30.12 ± 78.66 ng/ml; P = 0.003, P = 0.002). 
Children with lower CD4 counts had significant higher mean Albumin Creatinine Ratio (ACR) 
and mean uNGAL; P = 0.03, P = 0.01. Conclusions: uNGAL and urine microalbumin are useful 
biomarkers of early tubular and glomerular injury in children with HIV infection.
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pathology.[3] Studies among adults 
and children worldwide have shown 
significantly increased levels of micro 
albuminuria ranging from 12% to 20% 
in HIV infected patients. [4-7] Neutrophil 
gelatinase-associated lipocalin (NGAL) 
is markedly upregulated in renal tubules 
in response to epithelial damage. Hence, 
urinary neutrophil gelatinase-associated 
lipocalin (uNGAL) is a useful biomarker 
for early recognition of tubular injury.[8] 
Recent studies among HIV infected people 
with renal disease have shown high urinary 
uNGAL levels to be correlating with 
HIVAN.[9,10] There is paucity of reports 
regarding renal manifestation and uNGAL 
in children with HIV, especially from 
the Indian subcontinent. This manuscript 
presents urine microalbumin and uNGAL 
in children with HIV infection.

Patients and Methods
This study was conducted in Pediatric 
Immunodeficiency Clinic at Advanced 
Pediatrics Centre, Post Graduate 
Institute of Medical Education and 
Research (PGIMER), Chandigarh, India 
from July 2012 to June 2013. The institute 
is federally funded, not for profit, tertiary 
care centre in North-West India catering to 
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children with HIV. It is a recognized Centre for Excellence 
for HIV care by the National AIDS Control Organization. 
A total of 734 children living with HIV infection were 
registered till June 2013 and a convenient sample of 
60 children who fulfilled the inclusion criteria from this 
cohort were enrolled during the study period [Figure 1]. 
The study population was divided into three groups with 
20 children each: Group 1: Pre-ART defined as ART naïve 
with stable CD4 counts not warranting initiation of ART 
as per national guidelines.[11] [NACO 2006]; Group 2: ART 
naïve children with severe immunosuppression warranting 
initiation of ART; and Group 3: Children on ART for 
more than 1 year (n = 20). Children with congenital 
renal malformations, past history of any renal disease, 
or active urinary tract infection (UTI) were excluded. At 
enrollment, information related to demography, clinical 
profile, and examination findings were noted. Routine 
evaluation of viral loads was not a standard of care under 
the NACO during the study period. Written informed 
consent was taken from parents or primary caregiver 
in all the subjects. Assent was taken from the children 
if aged more than 8 years and were disclosed of their 
HIV status. Thirty consecutive healthy children of age 
between 3 and12 years were enrolled from immunization 
clinics with informed consents from parents or caregivers 
as control group. Urinary samples were collected from 
control population for uNGAL estimation. The details of 
recruitment process of children with HIV are depicted 
in [Figure 1].

Laboratory methods
First morning urine sample were collected on two 
separate occasions, first at the time of enrollment and 
second after 2--4 months and tested for albumin by 
dipstick. Urine culture and sensitivity was done to rule 
out active UTI. Urine microalbumin was measured 
using Minineph Human microalbumin kit (ZK302), 
Minineph TM, Birmingham, United Kingdom by 
nephelometry. Urine creatinine was estimated by 
colorimetry, applying the Larsen modification of Jaffe 
reaction using SIEMENS CREA, Siemens healthcare, 
Munich on Dimension R clinical chemistry system. 
Microalbuminuria was defined as albumin/creatinine 
ratio (ACR) of 2.5-25 mg/mmol in males and 3.5-25 
mg/mmol in females in urine specimen in accordance 
with ISPAD guidelines.[12] ACR was calculated for 
each sample and twice for each patient. For uNGAL, 
urine samples obtained at the time of enrolment were 
tested by ELISA using Human ELISA Kit (KIT 037) by 
Bioporto Diagnostics Gentofte, Denmark. The uNGAL 
was further corrected for urinary creatinine excretion 
by calculation of uNGAL/creatinine ratio. As normative 
data in uNGAL in Indian pediatric population was not 
available, the results were compared against control 
population enrolled in the study. Estimated Glomerular 
filtration rate (eGFR) was calculated as by the Schwartz 
formula[13] and the cut off taken for low eGFR was 90 
ml/1.73 m2/min.[14] Ethical approval was obtained from 
the Institutional Ethics Committee.

734 children registered
in HIV clinic

HIV exposed children
Concomitant fever

Anomalies of kidney Urinary
tract anomalies (Excluded)

60 Children enrolled
in the study (n=60)

Control group 
(n=30)

For uNGAL 

Group 1
Pre- ART (n=20)

Group 2
ART naïve with severe

immunosuppression (n=20)
Group 3

ART more than
1 year (n=20)

At enrollment uNGAL and urine microalbumin

At 2-4 months of follow-up second urine microalbumin

Figure 1: Recruitment of children with HIV into different groups
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Statistical analysis

All filled questionnaires were coded before entering 
into the computer using Statistical Package for Social 
Sciences (SPSS) version 20 and analyzed. Frequency 
distribution and two-way tables were used to summarize the 
data and association between independent and dependent 
categorical variables were determined by Chi-square 
X2 and Fisher’s exact tests. Student’s t-test was used to 
determine association between means. Non-parametric tests 
including Mann-Whitney U and Kruskal-Wallis were used 
to determine association between 2 or >2 groups. A P value 
of <0.05 was considered statistically significant. For 
correlation studies of non-parametric variables, Spearman’s 
rho correlation was used. A value of 0.3-1 was considered 
significant.

Results
The baseline characteristics of the study population are 
shown in Table 1. There was significant proteinuria in 1 
child. Blood urea and serum creatinine levels were normal 
in all children except 1 child. Fourteen children (23.3%) 
had low eGFR and eight of them were in second group. 

The ACR values were higher in second group, in 
both the samples and the mean. This was statistically 
significant with P value of 0.006 (ACR1), 0.035 
(ACR 2), and 0.034 (mean ACR), respectively. Severe 
immunosuppressed second group had a higher uNGAL 
mean value and this finding was statistically significant 
with a P value of 0.010. Corrected uNGAL for urine 
creatinine excretion also showed similar findings with the 
severe immunosuppressed group having higher values, 
which was statistically significant. On comparison with the 
control group, uNGAL and corrected uNGAL for creatinine 
were found to be higher in study group with statistical 
significance. The respective values were 26.94 ± 93.12 
ng/ml, 88.94 ± 345.20 mcg/g in the study population and 
15.53 ± 37.52 ng/ml, 30.12 ± 78.66 mcg/g in the control 
group. [Table 2]. Similar significant difference was noted 
between the control group and second group (P = 0.001, 
P = 0.001), with values of 60.78 ± 157.72 ng/ml and 
222.79 ± 582.29 mcg/g in the second group, while that 
in control group 15.53 ± 37.52 ng/ml and 30.12 ± 78.66 
mcg/g, respectively, for uNGAL and corrected uNGAL for 
creatinine. The correlation of uNGAL with the severity of 
immunosuppression was studied which showed a definite 

Table 1: Clinical and laboratory characteristics of the study population
Characteristic ART* naïve children 

with stable CD4 counts 
for >5 years n=20 (%)

ART naïve children with 
severe immunosuppression 

n=20 (%)

Children on 
ART for >1 year 

n=20 (%)

Total 
n=60 (%)

P

Mean age (years) 10.25±2.84 7.67±4.35 10.39±3.54 9.48±3.79
Male 10 (50) 15 (75) 14 (70) 39 (65)
Duration of disease (years) 10.05±2.93 7.22±4.19 10.25±3.58 9.28±3.75 0.028

n=19 n=16 n=19 n=54
Asymptomatic 10 2 5 17 (28) 0.018
Failure to thrive 4 16 (80) 8 28 (46) 0.008
Pallor 7 (35) 17 (85) 3 (15) 26 (43) <0.001
Lymphadenopathy 14 (20) 15 (75) 2 (10) 21 (35)
Stage 1 CKD 14 (70) 4 (20) 17 (85) 35 (58) <0.001
Stage 2 CKD 6 (30) 8 (40) 1 (5) 15 (25)
Stage 3 CKD 7 (35) 1 (5) 8 (13)
Stage 4 CKD 1 (5) 1 (5) 2 (3)
Mean CD4 count (mm3) 772.45±316.72 510.95±506.89 776.65±418.57 686.68±432.63
Mean CD4% 21.65±7.48 12.81±6.66 (n=17) 25.42±9.07 20.05±9.27 <0.001
Spot urine protein
>2+ 1 1 (1.5)
Blood urea (mg/dl) 19.85±5.57 22.35±20.30 20.90±6.63 21.03±12.57
Serum creatinine (mg/dl) 0.49±0.16 0.59±0.49 0.48±0.14 0.52±0.31
Low eGFR 4 8 (40) 2 14 (23.3)
Mean eGFR (ml/1.73 m2/min) 134.83±52.27 105.65±54.59 130.32±44.47 123.44±51.48 0.028
ACR1 (mg/mmol) 0.31±0.29 1.45±2.9 0.45±0.40 0.74±1.76 0.006
ACR2 (mg/mmol) 0.26±0.14 0.92±1.65 0.39±0.23 0.52±0.99 0.035
Mean ACR (mg/mmol) 0.35±0.26 1.19±2.25 0.43±0.27 0.65±1.35 0.034
Mean uNGAL (ng/ml) 10.16±8.32 60.78±157.72 9.87±13.25 26.94±93.12 0.010
Mean NGAL/creatinine (mcg/g) 18.89±17.34 222.79±582.29 25.14±48.54 88.94±345.20 0.006
Persistent microalbuminuria n (%) 0 2 (3.3%) 0 3.3% 0.0001
*ART: Anti retroviral therapy; GFR: Glomerular filtration rate; ACR: Albumin creatinine ratio; uNGAL: Urinary neutrophil gelatinase 
associated lipocalin; CKD: Chronic kidney disease
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negative correlation coefficient of -0.310 with CD4 count 
and -0.532 with the CD4%, respectively.

Discussion
Renal involvement in HIV infected population 
encompasses chronic glomerular disorders like HIVAN, 
HIV immune complex kidney disease (HIVICK), 
thrombotic microangiopathies, disorders of proximal 
tubular function and acute kidney injury (AKI).[15] It has 
been shown that severe immunosuppression and high 
viral loads are the most important risk factors for all 
forms of renal injury.[16] The most widely described renal 
disease in HIV infected population is HIVAN, which is 
characterized by nephrotic range proteinuria, collapsing 
glomerulopathy and microcystic tubular dilatation. HIVAN 
has strong racial predilection (African American) and is 
less well reported from other populations. Studies related 
to renal diseases in HIV from Thailand emphasized that 
HIVAN was uncommon in their cohorts.[17,18] Case reports 
from India have described collapsing focal segmental 
glomerulosclerosis (FSGS) in adults with HIV but not 
classic HIVAN.[19-21]

Centers in India have described their experience in 
managing large cohorts of children living with HIV, but 
they remain silent on any form of renal disease.[22,23] Reports 
of established FSGS/HIVAN in pediatric population are 
limited.[22-26] However, recent literature among Indian adult 
population has suggested that contrary to the belief, renal 
dysfunction in the form of proteinuria is common among 
HIV population up to 17.3%.[19] These studies have also 
shown that renal disease has a broad spectrum and is not 
confined to HIVAN alone.[19] Therefore, a need was felt 
to conduct a study to investigate early renal dysfunction 
in children living with HIV using monitoring parameters, 
which predict tubular injury like uNGAL, eGFR and 
microalbuminuria for glomerular injury.

Shah et al. in 2012 had reported eGFR abnormality to be 
the most common renal manifestation in their cohort of 
children with HIV infection.[27] They reported abnormal 
eGFR (90.6 + 22.1ml/min, range 52.9ml/min-156.2ml/min) 
in 44% of HIV infected ART naïve children. In our study, 
14 children (23.3%) had low eGFR using the Schwartz 
formula. Mean eGFR in the severely immunosuppressed 
group was significantly lower than other groups 

(p value = 0.028) [Table 1]. A strong association of 
HIV viral load and decline in kidney function has been 
documented.[28] HIV directly infects all cell types in the 
kidney and actively replicates there, resulting in progressive 
decline in renal function.[29-32] The low eGFR in this 
sub-group is likely a reflection of underlying high viremic 
state, though viral loads were not available to corroborate.

Microalbuminuria is an established early marker of renal 
damage in HIV infected population. Worldwide, studies 
on microalbuminuria in children with HIV infection have 
shown a prevalence ranging from 12 to 30%.[4,5,7] It was 
noted in ART naïve children with severe immunosuppression 
warranting initiation of ART. Most of these studies are from 
USA and Africa, and highest prevalence of microalbuminuria 
has been reported in patients belonging to African American 
race.[4,7] Similarly, a single study among children with HIV 
infection by Gupta et al. has shown proteinuria to be present 
in 11.5% and microalbuminuria in 10.6% of their cohort.[33] 
Prevalence of microalbuminuria noted in our study was 
only 3.3%, which was lower when compared to the other 
studies. There are considerable differences in patient 
population between our study and that by Gupta et al. Ours 
was a smaller cohort (60 vs. 183) and included children 
with relatively well-preserved kidney function. The cohort 
of children in the previous study included 82% children 
on ART while 66% children in our study were ART naïve. 
Drug related toxicity, immune reconstitution, host immune 
status as well as ethnic differences may be responsible for 
these differences.

Microalbuminuria has been associated with low CD4 counts 
and low CD4 percentages in children in previous studies 
done in USA and African continent. [4,7] Similar association 
has been observed in studies from India as well.[34,35] In our 
study, even though a statistically significant correlation with 
absolute CD4+ T cell counts or CD4 percentages could not 
be established with ACR values, a higher mean ACR values 
were found in the severely immunosuppressed children. 
This is likely because of severe immune suppression with 
a high viral load leading to early renal dysfunction in this 
group. Virus-specific mechanisms, host immune status, and 
mechanisms of the host response (such as inflammation) 
may influence the development of kidney disease.[36-38]

Microalbuminuria has been demonstrated to be an 
independent risk factor for mortality in adult HIV 
infected women.[6] In HIV infected children, such direct 
correlation with mortality has not been established with 
microalbuminuria or proteinuria. Similarly, uNGAL and 
ACR have also been associated with higher mortality 
in HIV infected women.[39] It is interesting to note that 
in our study cohort, two children expired at the end 
of study period. Both these children had high uNGAL 
expression (above 1,000 mcg/g).

Recent reports have suggested utility of uNGAL in 
detection of early tubular injury. It has been postulated 

Table 2: Comparison of study population and control 
population in uNGAL and uNGAL corrected for urinary 

creatinine
Variable Study 

population 
n=60

Normal 
population 

n=30

P

uNGAL* (ng/ml) 26.94±93.12 15.53±37.52 0.003
uNGAL/creatinine (mcg/g) 88.94±345.20 30.12±78.66 0.002
*uNGAL: Urinary neutrophil gelatinase associated lipocalin
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to be an effective non-invasive marker for HIVAN where 
facilities for renal biopsy are not easily available.[10] Studies 
in HIV infected adults have shown that high uNGAL levels 
correlate with HIVAN when compared to non-HIVAN 
renal disease.[10] The other observation reported is that 
of high uNGAL values in HIV infected children with 
proteinuria (both gross and trace) when compared to 
asymptomatic HIV positive controls (exact values not 
given).[40]

We have found a statistically significant higher uNGAL 
values (P value 0.003) in our study population when 
compared to the normal population data [Table 2]. The 
HIV infected children expressed 1.5 times higher uNGAL 
when compared to the normal population. This result of 
higher uNGAL expression in HIV infected children further 
reiterates the fact that tubular dysfunction does occur in 
children with HIV infection and requires close monitoring 
for early identification of kidney disease. Furthermore, it 
is important to note that eGFR may remain normal during 
early stage of tubular injury. Therefore, uNGAL is a 
valuable tool that predict tubular injury.

Studies on uNGAL and HIVAN in children are scarce. 
Among adults, it has been shown that uNGAL levels 
significantly correlate with viral loads and has been 
suggested that uNGAL expression is decreased by 
HAART.[9] Paragas et al. had also demonstrated that 
patients with HIVAN had low CD4 counts, high serum 
creatinine compared to controls.[9]

The mean uNAGL and mean uNGAL/creatinine ratio was 
significantly higher in ART naïve children with severe 
immunosuppression in our study [Table 2]. This association 
was further reiterated with the finding that uNGAL 
expression had significant negative correlation with absolute 
CD4+T cell counts and CD4 percentages (correlation 
co-efficient of -0.0.310 and -0.532 respectively). The 
tubular injury in HIV infection is related to cell cycle 
dysregulation, increase cytokines expression and elevation 
of profibrotic mediators leading to tubulointerstitial 
inflammation, tubular cell injury and death.[41]

uNGAL is an excellent biomarker that predicts early tubular 
injury and higher level indicates progression of chronic 
kidney disease.[42] Increased uNGAL also observed during 
concomitant inflammation or sepsis. Therefore, it is prudent 
to exclude all these clinical conditions before uNGAL 
measurement in children with HIV infection. The routine 
use of uNGAL is still difficult to recommend because of its 
higher cost in comparison to other renal biomarkers.

In our study cohort, persistent microalbuminuria and 
higher uNGAL was seen in children with severe 
immunosuppression warranting initiation of ART. This is 
likely because of high viral load causing renal injury in this 
group in comparison to children with stable CD4 counts 
and children on ART for more than 1 year.

Viral load estimation could not be carried in our patients 
because of resource constraints. This along with small 
sample size and short follow-up duration are major 
limitations of this study. Furthermore, we followed a 
convenient sampling technique to recruit children, therefore 
our cohort is not widely representative. In addition, uNGAL 
was measured only at baseline and urine microalbumin was 
not measured more than once at each instance, so transient 
microalbuminuria could not be ruled out.

Conclusion
To conclude, this pilot study gives an insight into the 
prevalence of renal dysfunction in pediatric HIV population. 
It shows that renal damage does occur early in the course 
of the disease and it may not be clinically overt.
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