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INTRODUCTION 

 

           is a member of the group of 
viruses known as retroviruses, which 
share a unique life cycle. Once HIV 
binds to a host cell, the viral envelope 

fuses with the cell membrane, and 
the virus’s RNA and enzymes enter 
the cytoplasm.

(1)
 HIV infection 

diagnosis in adults is based on 
positive  HIV  antibody  testing  and   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
confirmed by a second HIV antibody 
test relying on different antigens or 
different operating characteristics 
and/or positive virological test for 
HIV or its components confirmed by 
a second virological test obtained 
from a separate determination..

(2)
 HIV 

infection can generally be classified 
into four distinct stages: primary 
infection, clinically asymptomatic 
stage, symptomatic HIV infection, 

and progression from HIV infection 
to AIDS.

 (3)
 

 
HIVis transmitted principally in three 
ways: by sexual contact, by blood 
(through transfusion of blood products, 
or contaminated needles), or by 
passage from mother to child; 
transmission occurs in utero, as well 
as during birth. Breast milk from 
infected mothers has been shown to 
contain high levels of the virus also.

 (4)
  

 
Treating viruses is always difficult 
because viruses use the translational 
machinery of the host cell. Most 
drugs that target the virus also 
damage the host cell.

 (5) 

 
Drugs that can inhibit enzymes 
specific to the virus are, therefore, 
less likely to cause side effects in the 
host. Most common anti-HIV drugs 
block key steps in viral reproduction 
and uptake.  Antiretroviral treatment 
(ART) is initiated if CD4 cell count 
≤500 cells/µl using simplified, less 
toxic and more convenient regimens 
as fixed-dose combinations are 
recommended for first-line ART. 
Once-daily regimens comprising a 
non-thymidine nucleoside reverse 
transcriptase inhibitors (NRTIs) 
backbone (tenofovirdisoproxil fumarate 
(TDF) + emtricitabine (FTC) or 
tenofovirdisoproxil fumarate (TDF) 
+lamivudine (3TC)) and one non-
nucleoside reverse transcriptase 
inhibitors (NNRTIs) (efavirenz (EFV)) 
are maintained as the preferred 
choices in adults, adolescents and 

HIV 
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ABSTRACT: 
Introduction: The relationship of the urinary Monocyte Chemoattractant 
Protein1 (MCP-1)/creatinine ratio to renal affection as manifested by 
decrease in eGFR and/or microalbuminuria was determined in patients with 
HIV infection. We compared urinary levels (normalized to urine creatinine) 
of MCP-1 in HIV infected patients receiving antiretroviral therapy (ART) 
to those not receiving ART. Fifty one HIV infected subjects were divided 
into two groups, group 1: not receiving ART, (N= 20), group 2: HIV-
infected subjects receiving ART (N=31). Urinary MCP-1 was also 
determined in 20 healthy volunteers (group 3). Urinary MCP-1 levels were 
significantly higher in group 1 and 2 in comparison to group 3(p 
=0.001).Both urinary MCP-1and urinary MCP-1/Cr ratio were negatively 
correlated with eGFR in HIV infected patients(r =-0.329, -0.347, and p = 
0.018, 0.013 respectively).  CD4+ T lymphocyte counts were negatively 
correlated with urinary MCP-1(r = -0.38 and p = 0.006) while urinary 
MCP-1/Cr ratio was positively correlated with uACR (r = 0.592, and p 
<0.001). Levels of urinary MCP-1, uACR, urinary MCP-1/Cr. ratio and 
eGFR did not differ with the use of ART. Urinary ROC test to determine 
renal dysfunction in HIV infected patients(eGFR <60 ml/min), cutoff value 
of urinary MCP-1, urinary MCP-1/Cr. ratio and uACR were (>429 pg/ml, > 
1.5(×10-6), > 456.9 mg/g Cr respectively) with sensitivity of (100%, 100%, 
83.33% respectively)and specificity of (84.62 %,100 %, 93.33 % 
respectively) with a p value of (< 0.001, < 0.001, = 0.001 respectively). 
Conclusion: urinary MCP-1/Cr. ratio is sensitive and specific detector of 
renal affection and correlated to uACR in patients with HIV infection.  
Urinary MCP-1 did not differ in patients with HIV with the use of ART. 
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children older than three years.
 (6)

HIV infection can cause 
acute kidney injury (AKI) or chronic kidney disease 
(CKD). Causes of CKD include HIV-associated 
nephropathy (HIVAN), HIV-associated glomerulonephritis, 
thrombotic microangiopathy, malignant hypertension, and 
amyloidosis. 

(7) 

 

Drug nephrotoxicity can cause AKI or acute on top of 
CKD. Some of HIV drugs are potentially nephrotoxic as 
ritonavir (a protease inhibitor) and tenofovir disoproxil 
fumarate (TDF). 

(8)
  

 
The monocyte chemoattractant protein-1 (MCP-1/CCL2) 
is a member of the C-C chemokine family that is a potent 
chemotactic factor for monocytes. There is, however, 
evidence that MCP-1 also plays a role in the progression 
of glomerular lesions, since glomerular expression of 
MCP-1 correlates with the degree of renal damage in 
inflammatory and non-inflammatory models of 
glomerular injury. Furthermore, in humans with 
crescentic glomerulonephritis, MCP-1 is not only 
expressed in tubular epithelial cells and leukocytes 
infiltrating the tubulointerstitium, but also in crescents 
and parietal epithelium.

 (9) 

 
A consistent increase of urinary MCP-1 concentration is 
found in patients with a diseased kidney, and this 
correlates with the degree of urinary albumin /protein 
excretion and renal damage. In addition to mesangial 
cells, endothelial cells and infiltrating mononuclear cells, 
tubularepithelial cells seem to be the major source of 
MCP-1 in urine. Urinary biomarkers can provide an 
adjunct to traditional renal biomarkers to assess disease 
such as glomerular or tubular damage. Increased urinary 
albumin and MCP1 excretion are detected earlier than 
altered glomerular filtration rate and azotemia in patients 
and microalbuminuria is associated with disease 
progression. Both are mediators of progressive renal 
damage.

 (10) 

 
 
AIM OF THE WORK 
 
Study the relation of the urinary monocyte 
chemoattractant protein1 (MCP-1)/creatinine ratio to 
renal affection manifested by decreased eGFR and/or 
microalbuminuria in patients with HIV infection. 
 
The impact of receiving drug therapy for HIV on renal 
affection and urinary monocyte chemoattractant protein -1 
/creatinine ratio has also been evaluated.  
 
 
SUBJECTS AND METHODS 
 
Fifty one patients (51) were studied and divided into 2 
groups: group one: 20 patients who have no previous 
antiretroviral therapy (ART) whether fulfilling or not the 
WHO criteria for treatment, Group two: 31 patients who 
receiving ART ((tenofovirdisoproxil fumarate(TDF) 
+lamivudine (3TC)+ (efavirenz(EFV)) and group 3: 

included 20 age and sex matched healthy controls. 
Exclusion Criteria:1)Active liver disease (demonstrated 
by increase transaminases more than double the normal 
value and/or prolonged prothrombin time and/or evidence 
of liver cirrhosis by ultrasound),2)Previous history of 
autoimmune disease e.g. systemic lupus erythematosis 
(SLE). 
 
HIV patients were recruited from Alexandria Fever 
Hospital during year 2015and diagnosis of HIV was based 
on IgG positive serology (> 0.193) by ELISA  confirmed 
by western blot test. All patients subjected to full history 
taking including the duration of the disease, the symptoms 
of HIV, (diaharria, fever and weight loss) and whether 
there was renal involvement and duration of receiving 
treatment. Full clinical examination and laboratory 
investigations including:

 
a- Complete blood count, 

CD4+T lymphocyte counts.
 (11)

 b- Kidney function tests 
including urea and creatinine, urine analysis, urine 
albumin/creat. ratio

 (12)
  , and eGFR (using the Cockcroft-

Gault formula) where eGFR is expressed in milliliters per 
minute.

(13)
   

 
  
  

c- All controls were only evaluated for renal functions, 
estimated glomerular filtration rate and MCP-1 levels in 
urine. Principle of the ELISA test used to detect urinary 
MCP-1 (Quantikine ELISA, Human CCL2/MCP-
1Immunoassay, cat. # DCP00, R&D systems, USA).

 (14)
. 

Urine samples collected aseptically, mid-stream first urine 
of the day sample voided directly into a sterile container. 
Centrifugation done to remove particulate matter then 
samples stored below 20°C until the assay was done. A 
monoclonal antibody specific for MCP-1 has been pre-
coated onto a microplate. Standards and samples were 
pipetted into the wells and any MCP-1 present was 
bounded by the immobilized antibody. After washing 
away any unbound substances, an enzyme-linked 
polyclonal antibody specific for MCP-1 was added to the 
wells. Following a wash to remove any unbound 
antibody-enzyme reagent, a substrate solution added to 
the wells and color developed in proportion to the amount 
of MCP-1 bound in the initial step. The color 
development was stopped and the intensity of the color 
was measured. 
 
Urinary MCP-l corrected to urinary creatinine levels were 
estimated in all study cases. 
 
 
STATISTICAL ANALYSIS  
 
Spearman test was used to test for correlation between 
MCP-1 and between different parameters and urinary 
MCP-1/Cr. ratio with eGFR and uACR. For abnormally 
quantitative variables, Mann Whitney test was used to 
compare between two studied groups and Kruskal Wallis 
test was used to compare between more than two studied 
groups. ROC curve analysis was used identify diagnostic 
accuracy of urinary MCP-1, urinary MCP-1/Cr. ratio and 
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uACR in the diagnosis of chronic kidney disease. The cut-
off point best used for discrimination between diagnostic 
groups was identified for each, along with its sensitivity, 
specificity predictive values. 
 
 In all statistical tests used, p value <0.05 was considered 
significant. 
 
 
RESULTS  
 
The characteristics of each group are shown in Table 1. 
Distribution of the studied cases according to mode of 
HIV infection shown in figure 1, According to our study, 
mode of  HIV infection in most of the cases was 
unidentified (35.3%), secondly HIV was transmitted from 
husband (27.5%), and transmission through IV drug 
addiction came third by (25.5%).The median of duration 
since HIV diagnosis was higher and the median of CD4 
+T lymphocyte counts was lower in group 2 compared to 
group 1,with no statistically significant difference (p 
value =0.792). The median of treatment duration in group 
2 was 12 months. 15% of group1 had eGFR < 60 ml/min, 
and 9.6% of group 2 had eGFR < 60 ml/min. Although in 
group 1, 25% had an eGFR <90ml/min, 22.6% had an 
eGFR <90ml/minin group 2.The frequencies of 
participants with uACR > 0.03 mg/g Cr, which are 
considered abnormal pathological levels, with  similar 
rates found in group 1 and group 2,but with no cases in 
group 3. The level of urinary MCP-1was not different in 
group 1 and 2 but statistically significant lower in group 
3. Urinary MCP-1/Cr. ratio was not different in between 
group 1 and 2. 
 
In table 2, we compare the relation of eGFR with urinary 
MCP-1and urinary MCP-1/Cr. ratio. Both were 
statistically significant higher in eGFR < 60 ml/min. (p 
value are < 0.001, <0.001 respectively) 
 
Correlation between MCP-1 and different parameters:  
The correlations between MCP-1 and different parameters 
have been shown in table 3. Statistically significant 

negative correlations were found between urinary MCP-1 
and each of CD4+ T lymphocyte counts and eGFR. (r = -
0.329, -0.38 respectively and p = 0.018, 0.006 
respectively). There were no significant correlations 
between urinary MCP-1with uACR and treatment 
duration. 
 
Correlation between urinary MCP-1/Cr. ratio with 
eGFR and uACR:   
Table 4 showed that there was a statistically significant 
positive correlation between urinary MCP-1/Cr. ratio and 
uACR, (r = 0.592, and p <0.001) and statistically 
significant negative correlations between urinary MCP-
1/Cr. ratio and eGFR. (r = -0.347, and p =0.013). 
 
ROC Curve:  
ROC test has shown that cutoff value of  urinary MCP-1, 
urinary MCP-1/Cr. ratio and uACR are (>429 pg/ml, > 
1517.89 pg/mg, and > 456.9 mg/g Cr respectively)and 
sensitivity are (100%, 100%,and 83.33% respectively)and 
specificity are (84.62 %,100 %,and 93.33 % respectively) 
with a p value of (< 0.001, < 0.001,and  = 0.001 
respectively) in diagnosing CKD,( defined as eGFR <60 
ml/min/1.73 m

2
 for ≥3 months ± kidney damage). There 

were 6 patients with CKD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table (1):Comparison between the different studied groups according to different parameters  

 Group 1 

(n = 20) 

Group 2 

(n = 31) 

Group 3 

( n =20) 
p 

Duration since HIV diagnosis: (Months) 15(0.75 – 72) 24(3 – 132) - 0.063a 
CD4 +T lymphocyte counts(cells/ mm3) 355.5(5 – 950) 298(18 – 1264)   
< 250 6(30.0%) 12(38.7%) - 

0.792b 250 – 500 9(45.0%) 13(41.9%) - 
> 500 5(25.0%) 6(19.4%) - 
Treatment duration (Months) - 12 (1.5 – 120) - - 
eGFR (ml/min) 119.6 ± 53.8 122.4 ± 60.3 132.4 ± 31.0 0.706c 
Sig.bet. grps p1=0.848, p2=0.435, p3=0.503  
<60 
<90 

Urinary MCP-1 (pg/mL) 

3(15%) 
5(25%) 

597.2(64 – 2415) 

3(9.6%) 
7(22.6%) 

292(0 – 3041) 

0(0%) 
0(0%) 

69.5(10 – 314) 
0.001b 

Sig.bet. groups p1=0.506, p2<0.001*, p3=0.001*  
U ACR (mg/g Cr) 57.25(4.3 – 4363.6) 64.5(12.4 – 13253) - 0.832 
< 30 (mg/g Cr) 7(35.0% 10(32.3%) 20(100.0%) 

<0.001b 
≥ 30 (mg/g Cr) 13(65.0%) 21(67.7%) 0(0.0%) 
Sig.bet. grps p1=0.839, p2<0.001*, p3<0.001*  
Urinary MCP-1/Cr. Ratio ×10-6 0.38(0.1 – 21.9) 0.35(0.0 – 54.4) - 0.923a 

 

Group 1: untreated HIV, Group 2: on treatment of HIV and Group 3: healthy controls 
(a): Mann Whitney test applied                (b): Chi-square test applied                            (c): Kruskal Wallis test applied 

Figure (1):Distribution of the studied cases according to 

mode of HIV infection 
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Table (2): Relation of eGFR (ml/min) with urinary MCP-1 and MCP-1/Cr. ratio in cases  
 

 eGFR (ml/min) p 

<60 abnormal 

(n = 6) 

>60 (normal) 

(n =45) 
 

Urinary MCP-1 (pg/mL) 1994(503 – 3041) 283(0 – 1867) <0.001* 

Urinary MCP-1/Cr ratio ×10-6 12.22(2.43 – 54.42) 0.30(0.0 – 1.52) <0.001* 

Qualitative data were described using abnormally distributed data was expressed in median (Min. - Max.)  and was compared using 

Mann Whitney test 
  

Table (3): Correlation between MCP-1 and different parameters in cases  

 
Urinary MCP-1 (pg/ml) 

rs p 

Treatment duration (months) 0.176 0.351 

CD4+T lymphocyte counts (cells/ mm3) -0.380* 0.006 

eGFR (ml/min) -0.329* 0.018 

UACR (mg/g Cr) 0.238 0.093 

 rs: Spearman coefficient 

*: Statistically significant at p ≤ 0.05 

Table (4):Correlation between MCP-1/Cr. Ratio with eGFR and uACR 

 
MCP-1/Cr. Ratio (10-6) 

rs p 

eGFR (ml/min) -0.347* 0.013 
UACR (mg/g cr) 0.592* <0.001 
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Figure (2):Correlation between MCP-1 with CD4+T lymphocyte 

                 counts in HIV patients 

Figure (3): Correlation between MCP-1 with eGFR (ml/min) 

                 in HIV patients 
  

  
Figure (4):Correlation between urinary MCP-1/Cr. ratio and 

                 eGFR (ml/min) 

Figure (5):Correlation between urinary MCP-1/Cr. ratio  

                 and urinary albumin/Cr. ratio (mg/g Cr.) 
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Table (5): Diagnostic characteristics (sensitivity, specificity and accuracy) for urinary MCP-1, urinary MCP-1/Cr. ratio and 

u ACR in diagnosing CKD 

 

C
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P

V
 

N
P

V
 

U MCP-1(pg/mL) >429 0.944* <0.001* 100 84.62 37.5 100 

U MCP-1/Cr ratio ×10-6 >1.5 1.000 <0.001* 100 100 100 100 

U ACR(mg/g cr) >456.9 0.926* 0.001* 83.33 93.33 62.5 97.7 

 

                AUC: area under the curve   PPV: positive predictive value NPV: negative predictive value 

 

 

Figure (6): ROC curve for urinary MCP-1, urinary MCP-1/Cr. 

ratio and uACR 

 
 
 
DISCUSSION 
 
According to the UNAIDS annual global gap report

(15)
 based 

on national data, the number of people over fifteen years of 
age living with HIV in 2014 was 7,200 with a range of 4,400 
to 12,000. Renal disease is more common as the HIV 
infected subjects live longer due to antiretroviral therapy 
(ART). HIV infection can cause acute kidney injury (AKI) 
or chronic kidney disease (CKD). Causes of CKD include 
HIV-associated nephropathy (HIVAN), HIV-associated 
glomerulonephritis, thrombotic microangiopathy, malignant 
hypertension, and amyloidosis. 

(7) 
Other causes that could be 

associated with HIV infection are glomerular diseases 
associated with hypertension and diabetes, HCV co infection 
and various tubular disorders including tubular toxicity. 
Clinical implications of finding of microalbuminuria in this 
population are there for unknown, as several diseases process 
may contribute to its occurrence in this setting.

 (16-17) 
In 

addition, systemic endothelial dysfunction occurring as part 

of metabolic syndrome related disorders is also associated 
with microalbuminuria

(18)
. Abnormalities in metabolism and 

body composition including visceral adiposity, loss of 
subcutaneous fat, dyslipidemia and insulin resistance are 
frequent during ART in HIV infected patients.

 (19)
 In this 

study 67% of the patients have urinary ACR ≥ 0.03 g/g cr 
(urinary ACR 0.03-0.3 g/g cr in 45% and >0.3 g/g cr in 21%) 
with a single aseptic morning urine sample. Transient causes 
of physiologic albuminuria (e.g. exercise) and other 
inflammatory conditions were excluded in this study e.g. 
cancer, collagen disorders, and diabetes mellites. Four 
studies presented data from a single time test and reported 
microalbuminuria in HIV infected patients ranged 11-20% 
while three studies reported microalbuminuria in 2-3 samples 
of 4-16 %.

( 20-25)
 

 
Hadigan C, et al,

 (16)
 reported prevalence of a single 

urinary ACR in microalbuminuria range (17-250 mg/g for 
males, 25-355 mg/g for females) of 17.6 %in HIV 
infected patients. Microalbuminuria in Hadigan C, et al,

 

was defined as geometric mean ACR of urine sample was 
found in 14% in HIV infected patients. Shenia T, et al

 (26)
 

reported a 12%prevalance of microalbuminuria ACR 
>0.03g/g in single morning spot urine test. A higher 
prevalence of microalbuminuria in the present study may 
be due to hypertension or other viral infections affecting 
kidney as HCV or due to a different exclusion criteria. 
 
Waldman M, et al,

 (17)
 approximate those HIV-infected 

individuals who also were co- infected with HCV as one 
third of  HIV-infected individuals worldwide, with higher 
rates of co-infection (75%) in HIV patients who were 
infected parenterally.

 
 

 
In the present study, 20% of HIV-infected patients were 
co-infection with HCV and 25% of them were IV drug 
addicts. 
 
In the present study, ACR >30 mg/g cr or eGFR <60 
ml/min in HIV-infected patients were not differ by use of 
ART.  
 
Hadigan C, et al found that ritonavir (a protease inhibitor 
drug used HIV treatment) associated with micro-
albuminuria and also associated with renal dysfunction.

 

(16)
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Overton ET, et al
 (24)

 found that ritonavir was also 
associated with renal dysfunction defined as eGFR <90 
ml/min/1.73 m

2
, while Ando M, et al,

 (25)
 found that use of 

a protease inhibitor (ritonavir) in combination with 
tenofovir (nucleoside reverse transcriptase inhibitors used 
in treatment of HIV infection) was also a significant risk 
factor for progression of renal dysfunction (eGFR <60 
ml/min/1.73 m

2
) and microalbuminuria.

  

 
In our study, ritonavir was not included in ART in HIV-
infected patients but tenofovir was used. HIV infected 
patients have higher urinary MCP-1than healthy non 
infected controls, with p =0.001. In addition, urinary 
MCP-1 and urinary MCP-1/cr ratio, both were statistically 
significant higher in HIV infected patients with eGFR 
<60 ml/min in comparison to those with eGFR > 60 
ml/min (P < 0.001, <0.001 respectively).  Urinary MCP-1 
and urinary MCP-1/cr ratio were both negatively 
correlated to eGFR. Higher urinary MCP-1 levels were 
found to correlate with active inflammation of the kidney 
in other diseases e.g. systemic lupus erythomatosis (SLE). 
(27)

  Sharaf Eldin et al.
 (27)

, found that a higher urinary 
MCP-1 levels were correlated with disease activity in 
SLE patients and other glomerular diseases e.g. vasculitis. 
Lloyd CM,et al,

(28) 
 found that urinary MCP-1 is 

associated with active inflammation in the kidney either 
in glomerular or interstitiam. Kirby NA,et al 

(29)
found that 

measurement of urinary MCP-1 excretion and urine 
albumin both normalized to urine creatinine appears to 
provide a useful means for early, noninvasive detection of 
kidney disease in mice. Furthermore, urinary MCP1 and 
microalbuminuria were more sensitive tests for the early 
detection of kidney disease than serum creatinine. 
 
Shenia T et al,

 (26)
 found no correlation between eGFR and 

urinary MCP-1in HIV-infected patients whether receiving 
ART or not. Shenia T et al,

 
excluded HIV infected patients 

who have eGFR < 50 ml/min/1.73m
2
 and the percentage of 

patients co-infected with HCV was not mentioned. They 
found that HIV infected patients with lower CD4+ T 
lymphocyte counts and not receiving ART have higher 
urinary MCP-1 than healthy non infected individuals. 
 
In the present study, no statistical difference in CD4+ T 
lymphocyte counts was  found in HIV infected patients who 
receiving ART in comparison to those not receiving 
ART(p=0.79). Also urinary MCP-1/cr ratio did not differ in 
HIV infected patients who were receiving ART or not. In 
present study, CD4+ T lymphocyte counts were negatively 
correlated to urinary MCP-1(r = -0.38, p = 0.006) and 
urinary MCP-1/cr ratio was positively correlated with uACR 
in HIV infected patients, this may suggest the role of 
monocytes and T lymphocytes infiltration and migration as 
potential contributors to albuminuria in HIV infection .  
 
MCP-1 is considered a fibrosis marker in HCV liver 
disease. Whether this applied to renal disease in HIV 
infected individuals needs further evaluation.

 (30)
 Our 

study is limited in that we did not have histological data 
as regard monocytes or T lymphocyte cells infiltrate and 
degree of renal fibrosis. Biopsy studies were done 

previously from patients with HIVAN demonstrate a 
dense infiltrate of monocytes with increased production of 
MCP-1

(29)
 

 
CONCLUSION 
 
Urinary MCP-1, urinary MCP-1/cr ratio or eGFR, did not 
statistically differ in HIV infected patients treated with 
ART (tenofovirdisoproxil fumarate(TDF) +lamivudine 
(3TC)+ (efavirenz(EFV)). Urinary MCP-1 level 
correlated negatively with eGFR,and CD4+ T lymphocyte 
counts and urinary MCP-1/cr ratio was positively 
correlated with uACR, this may suggest the role of 
monocytes and T lymphocytes infiltration and migration 
as potential contributors to albuminuria in HIV infection . 
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