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Abstract
Proximal tubular dysfunction (PTD) is a frequent complication of HIV-infected patients and lack of early biomarkers
for PTD has impaired our ability to intervene in a timely manner. In this present study, we tested if interleukin- 18 (IL-18)
is a predictive biomarker for PTD in HIV-infected patients on tenofovir (TDF) and Non-tenofovir (N-TDF) antiretroviral
therapy and taking as control HIV treatment naïve patients. Exclusion criteria included pre-existing renal insufficiency
and nephrotoxin used. Serial urine samples were analyzed by enzyme-linked immunosorbent assay for IL-18 in 254
HIV- infected patients at three different points (at baseline, at 4 weeks and at 12 weeks of fellow-up). Using eGFR
values, marked decreased in kidney function was detected only at 12 weeks in the TDF regimen group (p=0.003) as
compared to other study groups. In contrast, urine IL-18 increased at a much early time (at 4 weeks) particularly in the
TDF regimen group (p=0.000) follow by the naïve group (p=0.02) and continued to increase up to 12 weeks of follow
up. This marked elevation is believed to be progressive. Our results indicate that IL-18 is an early, predictive biomarker
of PTD and that this biomarker may allow for the reliable early diagnosis of PTD at all times in HIV-infected patients on
TDF at risk of proximal tubular dysfunction, much before the rise in serum creatinine
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Material and Methods

Introduction

Study population

Interleukin (IL)–18 is an 18.3-kDa cytokine with proinflammatory and immune-enhancing properties derived by
enzymatic cleavage of a 23kDa precursor that is produced in
monocytic cells. The pleiotropic activities of IL-18 suggest an
important role of this cytokine in the triggering and polarization
of the immune response. It has been found to be released by the
proximal tubular cells of the kidney during the event of their damage
by nephrotoxic drugs such as tenofovir (TDF) [1].

Two hundred and sixty seven HIV-infected naive patients were
considered for participation in the study between Junes and November
2014. Thirteen patients were excluded because of nephrotoxic drugs use
before recruitment. Thus, 254 patients were finally enrolled in the study:
100 TDF base regimen group and 102 Non-TDF regimen group While
52 HIV-treatment naïve patients served as potential controls. From
every patient social demographics details of age, sex and occupation
were recorded at the time of recruitment in to the study.

However, proximal tubular dysfuntion (PTD) is typically
diagnosed by detecting increases in serum creatinine. Unfortunately,
serum creatinine is an unreliable indicator during acute changes in
kidney function owing to several reasons. First, serum creatinine
concentrations might not change until about 50% of kidney function
has already been lost. Second, serum creatinine does not accurately
reﬂect kidney function until a steady state has been reached, which
could take several days.

Sample collection and analysis

Finally, the serum levels of creatinine are affected by several
non-renal factors such as age, diets, used of steroids, gender, race,
and muscle mass [2]. All these reasons contribute to signiﬁcant
delays in the diagnosis of PTD. Also, the serum creatinine value at
the time of diagnosis of PTD does not give any reliable information
about prognosis of kidney toxicity as it does not reﬂect the severity
of damage. However HIV infection and some antiretroviral (ARV)
drugs have been implicated in the causation of renal impairment
in humans. Tenofovir (TDF), a widely used first line antiretroviral
drug have been widely reported to be associated with renal
dysfunction [3,4]. Szczech et al. [4] have shown that TDF-associated
nephrotoxicity is the most common single diagnose reason for HIVrelated referral to tertiary health services, accounting for about 20%
of consultations. Alterations on tenofovir secretion by proximal renal
tubule may lead directly to a greater drug accumulation in the renal
tubular cells and, consequently lead to proximal tubular damage and
renal toxicity [5-7].
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Blood serum samples were put in chemistry bottles while those for
hematological analyses were collected using the EDTA bottles in order
to avoid hemolytic reactions. The blood samples were then taken to the
laboratory for various analyses.
Spot Urine samples were collected from patient’s using urine
sample bottle and analyzed within 4 hours of collection to avoid
denaturation of some parameters. IL-18 was analyzed by enzymelinked immunosorbent assay (ELISA), while estimated glomerular
filtration rate (eGFR) was calculated using the modification of diet in
renal disease (MDRD) formula.
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Statistical analysis

were as follows: 6 (2.4%) patients had no formal education, 27 (10.6%)
patients had primary education, 150 (59.1%) patients had secondary
education, 68 (26.8%) patients had university education and 3(1.2%)
patients (p>0.272) which was not statistically significant.

Continuous values were given as mean and standard deviation while
categorical data were given as percentages. The three groups of patients
analyzed were first compared using chi-squared for categorical data
and parametric tests for continuous variables. The level of significance
was considered at p <0.05. All statistical analyses were performed using
SPSS version 20.0 software package (SPSS inc., Chicago, Illinois, USA).
Carley et al. [8] simple normograms for the calculation of sample size
for clinical diagnostic study was used for the calculation of sample size.

Among the study population, 53 (20.9%) patients were jobless
at present, 107 (42.1%) were business men and women, 54 (21.3%)
were students, 26 (10.2%) were artisans and only 14 (5.5%) were civil
servants. The difference among the groups was statistically significant
(P >0.000).

Results

The means age of the distinct patients’ population; group 1, group
2 and group 3 are 35.23, 35.49 and 32.50 years respectively, but without
a significant difference (p=0.069), although the gender distribution
among the patients study population was statistically significant
(p=0.002) and was observed to be; 85 (33.46%) in males and 169
(66.54%) in females as shown in Table 1.

A prospective observational study was started in June 2014 at the
HIV clinic of University of Port Harcourt Teaching Hospital, a reference
Hospital for tropical infectious disease located in Port Harcourt Rivers
State. At recruitment, the patients were grouped as follows: 100 HIV
treatment Naïve patients about to start a TDF containing regimen
(group 1), 102 HIV treatment Naïve patients about to start a NonTDF containing regimen (group 2) and While 52 HIV-treatment naïve
patients served as potential controls (group 3).

Table 2 shows the eGFR of the study population at different points
of the different regimen groups to be as follows: at baseline [TDF 107,
N-TDF 100.11, and Naïve, 110.25 mg/dl], at 4 weeks [TDF 98.65,
N-TDF 100.90, and Naïve, 107.63 mg/dl] and at 12 weeks [TDF 75.63,
N-TDF 94.78, and Naïve, 80.54 mg/dl]. The different between the
groups was statistically significant only at 12 weeks of follow up.

Characteristic of patients
The results of the educational backgrounds of the study population
Mean Age

Std. Deviation

No. of patient

SEXMale

36.92

7.69

85 (33.46%)

Female

33.70

7.97

169 (66.54%)

Total

34.77

8.01

254 (100%)

TDF

35.23

7.68

100 (39.37%)

N-TDF

35.49

8.68

102 (40.16%)

D-NAIVE

32.50

6.93

52 (20.47%)

Total

34.77

8.02

254 (100%)

P-Value
(Z-test )

p = 0.002

(ANOVA)

p = 0.069

ART Regimen group

Table 1: Age and Sex Characteristics of the study population.
HAART with TDF HAART, Non-TDF

Difference among groups

Significance Difference among groups

100 (39.37%)
Mean (S.D)

Mean (S.D)

Mean (S.D)

(ANOVA) P-value

(Z-Test) P-value

eGFR at baseline (mg/dl)

107.17 (20.1)

100.11 (26.3)

110.25 (20.1)

P = 0.431

1 versus 2 p =0.001, 1 versus 3 p=0.640, 2 versus 3 p = 0.001

100.90 (19.4)

107.63 (25.4)

94.78 (16.3)

80.54 (13.4)

eGFR at 4 weeks (mg/dl)
eGFR at 12 weeks (mg/dl)

98.65 (19.1)
75.63 (15.4)

102 (40.16%)

Drug-naïve

No. of patience (%)

52 (20.47%)

P= 0.416
P= 0.031

1 versus 2 p=0.501, 1 versus 3 p= 0.475,
0.600

2 versus 3 p=

1 versus 2 p=0.001, 1 versus 3 p= 0.003, 2 versus 3 p=
0.997

Values in parenthesis showed the standard error of mean
Table 2: Estimated glomerular filtration rate (eGFR) at different times point in the distinct patient
Drug Naïve (group 3)

N-TDF (group 2)

populations

TDF (group 1)

Differences among groups

(Z-test) p-Value

(ANOVA P Value)

1 versus 2 p=0.000,

CD4 (ul/cells)

Means (S.D)

Means (S.D)

Means (S.D)

VISIT 1

525.6 (94.5)

197.23 (83.8)

172.48 (103.7)

0.000
1 versus 3 p=0.000,
2 versus 3 p=0.613.

VISIT 2

389.00 (64.9)

259.38 (86.2)

251.05 (59.6)

0.000

1 versus 2 p=0.000,
1 versus 3 p=0.000,
2 versus 3 p=0.477.

VISIT 3

276.60 (51.6)

363.24(131.1)

659.95 (109.0)

0.001

1 versus 2 p=0.002,
1 versus 3 p=0.006,
2 versus 3 p=0.043

Values in parenthesis shows the standard deviation
Table 3: Mean CD4 of the study population over time.
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The mean CD4 in all three groups increased progressively from visit
1 to visit 3, but the increase in TDF group double that in the N-TDF
group and naïve group. The difference between the groups at each visit
was statistically significant (P = 0.000). The differences between the
visits were observed to be; TDF [visit 1- 172.48, visit 2 -251.05, visit
3- 659.95], NTDF [visit 1- 197.23, visit 2- 259.38, visit 3- 363.24] and
Naïve group [visit 1- 525.6, visit 2-389, visit 3- 276.6] (Table 3).
The minimum detectable dose of Human IL-18 in our laboratory
was 15.6 pg/ml. The kit recognized recombinant and natural Human
IL-18 in urine sample. No significant cross-reactivity or interference
was observed during analysis.
In the naïve group there was a progressive increase in the mean
value of IL-18 at subsequent visits. It was as follows; 58.847 pg/ml (visit
1), 76.133 pg/ml (visit 2) and 96.873 pg/ml (visit 3). The difference
between visit 1 and visit 3 was statistically significant (correlation coefficient = 0.577 P =0.023), but not between visit 1 and visit 2 and visit
2 and visit 3 (Figure 1).
In the TDF group there was also a progressive increase in the mean
value of IL-18 at subsequent visits. The increase was much higher than
that observed in the naïve group. The mean values at visit 1, visit 2
and visit 3 were as follows; 64.905, 88.386, 107.74 pg/ml respectively.
The differences among the visit were all statistically significant: visit
1 and visit 2 (correlation co-efficient = 0.93, P = 0.000), Visit 1 and
visit 3 (correlation co-efficient =0.924, P = 0.000), visit 2 and visit 3
(correlation co-efficient =0.923, P = 0.000) (Figure 2).

Figure 2: Changes in IL-18 Values in the TDF group with time
yy Visit 1 (Commencement)
yy Visit 2 after 4 Weeks
yy Visit 3 after 12 weeks

However on the contrary, the N-TDF group showed a progressive
decrease in the mean value of IL-18 at subsequent visits. The observed
mean values at visit 1, visit 2 and visit 3 were as follows; 48.929, 46.724,
46.019 pg/ml respectively. The differences between the values were not
statistically significant as observed in the TDF group. The comparisons
are: visit 1 and visit 2 (correlation co-efficient =0.03, P = 0.199), visit 1
and visit 3 (correlation co-efficient =0.305, P = 0.192), visit 2 and visit 3
(correlation co-efficient =0.302, P = 0.180) (Figure 3).

Figure 3: Changes in IL-18 Values in the N-TDF group with time
yy Visit 1 (Commencement)
yy Visit 2 after 4 Weeks
yy Visit 3 after 12 weeks

Discussion
Figure 1: Changes in IL-18 Values in the Naive group with time
yy Visit 1 (Commencement)
yy Visit 2 after 4 Weeks
yy Visit 3 after 12 weeks
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Interleukin - 18 is a proinflammatory cytokine produced by
proximal tubular cells when damaged, [9,10]. Many investigators
have analyzed urinary concentrations of IL-18 as an early markers of
proximal renal injury. Their results suggest that IL-18 might be used as
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a marker to identify patients with proximal tubular dysfunction [11,12].
There are no reports on, studies to assess IL-18 value as a marker of
proximal tubular disorder after months of exposure to TDF and other
antiretroviral therapeutic agents in HIV-infected patients. The present
study appears to be the first investigation in this area. Interleukin-18
has been described especially as a promising marker already in use
to assess renal function after transplantations in metabolic diseases
and heart diseases [10,13-15]. The results of the present study suggest
that an increase in the urinary concentration of IL-18 followed the
expression of classic laboratory features of renal insufficiency. IL-18 has
also been reported to be a strong prognostic indicator of mortality in
children treated in intensive care units [11]. Furthermore, Edelstein et
al. [1] pointed out that IL-18 can also be a very useful predictive marker
of renal insufficiency. In this study there was a statistically significant
difference in IL-18 levels between each time points in the TDF regiment
group, thus confirming earlier results from classic laboratory tests [15].
In this study Estimated glomerular filtration rate (eGFR) increased
only slightly at 12 weeks of exposure particularly in the TDF regimen
group pointing a delay in the detection of proximal tubular dysfunction
compared to IL-18 that shows a marked increased at 4 weeks. There
was also an increase in IL-18 levels with time, suggesting a possible
progression of renal dysfunction from a subclinical stage to an end
stage renal disease. It is therefore hypothesized that there might exist
a possible relationship between nephrotoxicity caused by tenofovir and
increased in IL-18 levels in HIV-infected patients on TDF first line
antiretroviral therapy. In comparison with the N-TDF regimen group, it
was observed that IL-18 levels decreased sharply with time, suggesting
that N-TDF antiretroviral therapy does not caused proximal tubular
dysfunction but may offer remedy to the harmed caused by the HIV
itself on the kidney. In this study no significant difference was observed
between treatment points in these groups of patients, although this
finding needs further elaborate study. This present study appear to
confirm the hypothesis that IL-18 can be used as an early marker of
proximal tubular dysfunction in HIV-infected patients treated with
tenofovir and other nephrotoxic antiretroviral therapeutic agents.

Conclusion
In the patient population studied a clear pattern of IL-18 excretion
was observed, with an increase in the TDF and Naive groups and
ﬂuctuating levels in the N-TDF group. The difference between the
groups was highly statistically significant at different time point
studied. Perhaps, this ﬁnding is expected since IL-18 increases in urine
only under condition of a marked tubular damage, apoptotic tubular
cell shedding, and cell necrosis, associated with deterioration of renal
function [11]. From this study it was found that IL-18 seems to be a
very reliable and accurate marker of subclinical nephropathy, especially
tubulopathy in HIV-infected patients on TDF. This finding agrees with
other workers that IL-18 might be used as a marker to identify patients
with proximal tubular dysfunction [11,12]. Finally, the present findings
further suggest that longer periods of observation may increase the
number of patients with subclinical signs of nephropathy in patients
exposed to TDF regimen since proximal tubular dysfunction in these
patients is progressive.
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