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ABSTRACT

Background: The measurement of serum creatinine is a standard requirement of the medical
management of people living with HIV. Renal dysfunction is common, both as a complication of
HIV-infection and as a result of its treatment. The detection of abnormal renal function before the

start of antiretroviral therapy will impact patient management and the outcome of treatment.

Objectives: This study aimed to determine if a time delay in the centrifugation of serum samples
affected the creatinine level and the estimated glomerular filtration rate as recorded on the

analytical platforms used in the laboratory.

Methods: Twenty-two (n = 22) HIV-positive, newly diagnosed and treatment-naive patients were
randomly recruited from Alexandra Health Clinic, Johannesburg, South Africa. Serum samples
were centrifuged at six time intervals following receipt of the sample viz. < 4 h (baseline), 6 h, 24
h, 48 h, 72 h and 96 h. Creatinine concentrations were measured on the Roche platform utilizing the
enzymatic and kinetic Jaffe methods. Whole blood samples were also analysed with the Abbott i-
STAT point-of-care instrument. The estimated glomerular filtration rate was calculated using the
Cockcroft Gault, CKD—Epidemiology Collaboration and Modified Diet and Renal Disease v3/4

equations.

Results: At baseline (< 4 h) there was good agreement between the enzymatic and kinetic Jaffe
methods: bias 1.7 pmol/l. The enzymatic and i-STAT creatinine concentrations were stable over 96
h viz. changes of 1.8% and 5.7%. However, from 24 h onwards agreement between the enzymatic
and kinetic Jaffe methods was poor with the latter measuring 43.7 pumol/l higher than the
enzymatic method at 96 h. Creatinine concentrations measured with the kinetic Jaffe method

increased significantly in samples centrifuged after 6 h (p < 0.001, 61.7% change), and resulted in



a 95% decline in eGFR at 96 h as determined with the CKD-Epidemiology Collaboration

equation.

Conclusion: The analysis of serum creatinine using the isotope dilution mass spectrometry
traceable kinetic Jaffe method is unreliable if performed on samples centrifuged > 6 h after
collection. The raised creatinine concentration can affect clinical decisions such as renal functional

assessment, choice of antiretroviral drug or regimen, and the dose and frequency of medication.



ACKNOWLEDGEMENTS

I would like to extend my deepest gratitude to the following people:

e My supervisors Professor Donald Tanyanyiwa and Dr. Carolyn Padoa for their

overwhelming support, guidance and encouragement.

e Obsidian health for the Abbott i-STAT point-of-care machine and the creatinine kits.

e Alexandra Health Centre chronic clinic staff for being very accommodating and supportive

of my research.

e The Chris Hani Baragwanth NHLS Chemical Pathology team for assistance in analysing

the samples.

e Mr. Philani Buthelezi from the Department of Health (DOH) for liaising with the DOH

Gauteng Region E.

e To my husband Justice and my three children (Tadiwa, Anesu and Tawonga) for their

support.



PUBLICATIONS EMANATING FROM THIS MMED RESEARCH

PROJECT

Chikomba CE, Padoa CJ, Tanyanyiwa D. Evaluation of the impact of delayed centrifugation on
the diagnostic performance of serum creatinine as a baseline measure of renal function before

antiretroviral treatment. S Afr J HIV Med. 2020;21(1), al056.

https://doi.org/10.4102/sajhivmed.v21i1.1056

vi



NOTES ON THE RESEARCH SUBMISSION

This submission serves as the final research report for my MMed project. This research report
consists of the paper published in the Southern African Journal of HIV Medicine. The format of
this research report is different from the published paper; however it is a direct copy of the
publication. The published article, in the format in which it was published, is available in

Appendix 1.

The research protocol for this project was assessed and approved by the assessors panel from the
School of Pathology at the University of the Witwatersrand, Faculty of Health Sciences. A more
comprehensive literature review was done during protocol writing and will provide a broader
review of the topic of this research report. The approved protocol can be found in Appendix 2.
However, the title of this study was subsequently changed from ‘Evaluation of the diagnostic
performance of serum creatinine as a baseline measure of function before antiretroviral (ARV)
treatment’, to ‘Evaluation of the impact of delayed centrifugation on the diagnostic performance of
serum creatinine as a baseline measure of renal function before antiretroviral treatment’. The title
was changed to allow for a more precise (specific) title as delay in separation was the only
attribute that varied in this study, and thus the only element of the diagnostic performance

evaluated. The approval for the change of title is presented in Appendix 3.

Ethics clearance was obtained from the University of the Witwatersrand, Human Research Ethics

Committee (MEDICAL) (Appendix 4).

This research report follows the “Publication Model” format as stipulated by the University of the

Witwatersrand for published articles.
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1. INTRODUCTION

South Africa (SA) has one of the highest HIV infection rates in the world. In 2016, the overall
prevalence of HIV infection in SA was 12.7%." > The use of antiretroviral drugs (ARVs) has
slowed the progression of the infection and increased the life expectancy of people living with
HIV.> " In SA’s public health sector, patients are started on antiretroviral treatment (ART) with
combinations of different ARV drug classes, prescribed as a single, once-a-day tablet.” This has led
to a reduction of the pill-burden of therapy and to improved adherence.” " In the southern African
region the most frequently prescribed initial combination is the nucleotide reverse transcriptase
inhibitor (NtRTI), tenofovir disoproxil fumarate (TDF), the nucleoside reverse transcriptase
inhibitors (NRTIs) emtricitabine (FTC) or lamivudine (3TC) and the non- nucleoside reverse
transcriptase inhibitor (NNRTI), efavirenz (EFV). This is first-line ART_6 Current SA national ART
guidelines indicate that the integrase strand transfer inhibitor (INSTI), dolutegravir (DTG), has
replaced efavirenz for all except women of child-bearing age who may fall pregnant or those

e . . 9, 10 : :
initiating ART in the first trimester of pregnancy. Tenofovir, however, remains the standard

NRTI-backbone of all first-line ART in southern Africa.

TDF is an acyclic nucleoside phosphate prodrug. Its long half-life permits once-daily dosing.
Although the drug is extensively filtered by the kidneys, 20% — 30% is actively reabsorbed at the
proximal tubule.'' TDF is an occasional cause of renal injury viz. a proximal renal tubulopathy
and a salt-wasting syndrome (Fanconi Syndrome and renal tubular acidosis), drug-induced acute
kidney injury and a slower, general decline in glomerular filtration, diabetes insipidus, and a
dysregulation of the kidney’s calcium and phosphorus metabolism.' " > Impaired renal function
may also result from the use of other drugs, such as aminoglycosides, sulphonamides, and
amphotericin B, the presence of HIV-associated nephropathy (HIVAN), blood-borne infection, for
example tuberculosis, bacteraemia and fungaemia, HIV-associated immune-complex kidney

1



disease and common comorbidities such as hypertension and diabetes mellitus. > Pre-existing
mild renal dysfunction may increase susceptibility to the toxicity of TDF. Kidney function must be
evaluated before starting ART: the use of TDF is contraindicated if the estimated glomerular
filtration rate (¢GFR) is < 50 ml/min. Patients on TDF have serum creatinine measured at 3 and 6
months following the initiation of ART and biannually thereafter. In high-risk patients, for example

with coexistent hypertension or diabetes, the creatinine is measured more frequently.

The measurement of the GFR confirms and stages the degree of renal impairment and provides a
platform for the ongoing monitoring of kidney function. Although the urinary clearance of inulin is
the gold standard of GFR rneasurernent,15 the method is time-consuming, expensive and impractical
in most clinical settings. Endogenous substances such as serum creatinine and cystatin C are
cheaper, provide more rapid results and are widely available. ® Although the National Institute for
Health and Care Excellence (NICE) and the Kidney Disease Improving Global Outcomes
(KDIGO) groups both base their eGFR assessment (equations) on cystatin C, its cost and lack of
standardisation excludes its general use. " '° Creatinine is produced at a constant rate, is present in
all body fluids, and is filtered by the glomerulus. Its serum level is influenced by several biological
factors, such as active secretion by the renal tubules in the presence of declining renal function,
diet, extremes of muscle mass, age, gender, drugs and the use of creative supplernents.19 Several
equations control for some of these variables.”’ The SA National Department of Health
(SANDOH) 2019 guidelines recommend, therefore, that the Counahan-Barratt equation be used to
measure the eGFR of youths aged 10-16 years and the Modifications of Diet in Renal Disease

(MDRD) equation be used for adolescents and adults 16 years of age and older.”

The Cockcroft-Gault (CG) equation incorporates the serum creatinine level and the variables of
) ) 21 : e .
weight, age and sex in the measurement of the eGFR. The equation has limitations: in

pregnancy, at the extremes of weight, and in those on dialysis for acute renal failure. Its principal



use is in drug dosing and pharmacokinetic studies.”” The MDRD equation adds a fourth variable:
race.”” This ethnicity adjustment-factor is based on African Americans and tends to
overestimate the GFR in sub-Saharan (African) populations_23 The CKD-Epidemiology
Collaboration (EPI) equation is recommended by the KDIGO guidelines group and has been
validated in participants with and without impaired renal function with eGFR < 90 ml/ min/1.73
min2'"** The SA National Health Laboratory Service (SA-NHLS) currently reports both the

MDRD and CKD-EPI eGFR without ethnic adjustment. The adoption of the CKD-EPI equation

in SA has been delayed due to limited local data.

Routine laboratory serum creatinine measurements are analysed on Jaffe and enzymatic assays.
These methods should be traceable to isotope dilution mass spectrometry (IDMS) method and the
Standard Reference Material for creatinine in serum (SRM 967). NHLS laboratories in SA
generally use the modified kinetic Jaffe method, as opposed to the enzymatic assay, as it is more
affordable. The World Health Organization’s (WHO) guidelines indicate that at room temperature,
creatinine is stable for 2-3 days.25 However, a report from Shepherd et al. * noted a significant
increase in creatinine levels measured on the kinetic Jaffe method when processing occurred later
than 24 h.”® This impacted the study’s eGFR results and had caused the renal misclassification of
patients.26 A turnaround time for serum creatinine measurements from local clinics in Gauteng of
12-72 h has been observed at NHLS laboratories, as reported in the internal TAT reports. This
delay increases with the remoteness of clinics due to the poor transport networks, the restricted
working hours at referral laboratories, and the greater workload of regional laboratories. The aim
of this study was to determine, in HIV-positive black South Africans not on ART, the stability
limit (SL), that is, the time at room temperature, when the serum creatinine results are still within

the maximum permissible instability (MPI) range.27



2. METHODS
2.1. Study population

Twenty-two (n = 22) newly diagnosed and treatment-naive people living with HIV between the
ages of 18 and 70 years were randomly recruited from the Alexandra Health Community Centre in
Alexandra, Johannesburg, SA. The minimum number of participants required for testing the
stability of biochemical analytes is 10.” Furthermore, multiple samples were required from each
participant for analysis on three analysers at six time points, providing 396 creatinine measurement
data points. Patients with comorbidities such as diabetes mellitus, pregnancy, urinary tract infection,
hypertension and proteinuria were excluded from the study. De-identified demographic and

anthropometric data were transcribed from the patient files.
2.2. Sample collection and processing

Each patient provided 13 tubes of blood: 12 x approximately 2 ml in 5 ml serum separator-tubes
(SST) and 1 x 5 ml in a heparin tube (Becton Dickenson, Plymouth, UK). Serum was isolated
from SST tubes following centrifugation at 1370 % g for 5 min at defined time intervals viz. <4 h,
6 h, 24 h, 48 h, 72 h and 96 h. Prior to centrifugation, samples were stored at room temperature.

Whole blood heparin tubes were stored at room temperature until required.
2.3. Measurement of creatinine concentrations

Serum creatinine concentrations were measured immediately after each centrifugation (as above)
using the IDMS-traceable enzymatic and IDMS-traceable kinetic Jaffe method on the Roche
COBAS 8000 module 702 and Roche COBAS 6000 module 502 instruments at the NHLS
laboratory of the Chris Hani Baragwanath Hospital, Soweto, SA. The enzymatic method test
principle is based on a series of coupled reactions that result in the conversion of creatinine to
hydrogen peroxide. In the final reaction, catalysed by peroxidase, a quinone imine chromogen is

formed. The colour intensity of this chromogen is measured at 550 nm and is directly proportional

4



to the concentration of creatinine in the sample. The kinetic Jaffe method test principle is based on
the reaction of creatinine and picrate under alkaline conditions forming a yellow-orange complex.
The rate of formation of this complex is proportional to the amount of creatinine in the sample. The
kinetic Jaffe method is prone to interference from non- creatinine chromogens such as proteins
and ketones. A correction factor of -26 umol/l is, therefore, universally applied to correct for
these inherent chromogens. Bilirubin is the major negative interferent in the kinetic Jaffe method,
and this is overcome by rate blanking. The internal quality control for creatinine in our laboratory is
performed twice daily. The laboratory adheres to the Royal College of Pathologists of Australasia
(RCPA) quality assurance programmes. External quality assurance submissions during the study

period were within allowable limits.

Creatinine concentrations were also measured using whole blood samples on the Abbott i-STAT
point-of-care instrument immediately after collection and at 6 h, 24 h, 48 h, 72 h and 96 h. This
method is based on the conversion of creatinine to hydrogen peroxide, via hydrolysis and
oxidation. The hydrogen peroxide is oxidized (at the platinum electrode) to produce a current that

is proportional to the concentration of creatinine in the sample.

2.4. Estimated glomerular filtration rate measurements

eGFR was calculated using the MDRDvV3 without ethnic adjustment (age, sex, and serum
creatinine), MDRDv4 (age, sex, ethnicity, and serum creatinine), CG and CKD-EPI equations with

ethnic adjustment.

2.5. Statistical analysis

All analyses were performed using Medcalc software. The Shapiro-Wilks test was used to test for
normality. Normally distributed continuous variables (creatinine) were presented as mean =+
standard deviation and continuous variables that were not normally distributed (age, weight) were
presented as median [interquartile range]. Categorical variables are presented as proportions and

5



percentages. The Student paired t-test was used to compare baseline creatinine concentrations
between the three different methods (Bonferroni corrected p-value). The serum creatinine results
were evaluated for analytically significant changes using the uncertainty of measurement (UOM;
calculated for the laboratory quality control data in the preceding 6 months), total allowable error
(TAE) of 15% (Clinical Laboratory Improvement Amendments [CLIA] and coefficient of
variation [CV]). Passing-Bablok linear regression and Bland- Altman plots were generated to
evaluate correlation and method agreement over time, using the enzymatic method as the reference

method. For all analyses, p <0.05 was considered statistically significant.

2.6. Ethical consideration

Ethical approval was obtained from the University of the Witwatersrand Human Research Ethic

Committee, reference number: M1711109. R14/49.

3. RESULTS

3.1. Characteristics of the study population

A total of 22 randomly recruited HIV-positive, treatment-naive black South African individuals
consented to participate in this study. The median age of the participants was 37 years. The
majority (54.5%; 12 of 22) of participants were younger than 40 years of age. The age distribution
is consistent with the current demographics published by Statistics South Africa with respect to
individuals mostly affected by HIV/AIDS. All participants were black Africans (ethnicity self-
reported). The median weight for the participants was 70.0 kg (range 45-110 kg) and 59.1% (13 of

22) of participants were male.

3.2. Creatinine assay performance

The mean baseline (< 4 h) creatinine concentrations for the study cohort obtained using the

enzymatic, kinetic Jaffe and i-STAT methods were 78.73 umol/l + 14.63 umol/l, 77.05



umol/l = 13.12 pmol/l and 70.14 pmol/l &+ 15.3 pmol/l: p > 0.05 for all comparisons (Table 1). The
mean creatinine concentrations analysed using the kinetic Jaffe method were significantly higher
than baseline when blood samples were processed after 6 h: p < 0.001 for all comparisons.
Creatinine concentrations did not change significantly over the 96 h when measured using the

enzymatic method or i-STAT system: p > 0.05 for all comparisons (Table 1).

Table 1: Creatinine concentrations for the study cohort (n = 22) obtained using the enzymatic,
kinetic Jaffe and i-STAT methods at six different time intervals

;rnitlgl?v al Creatinine concentration
(hours)
Enzymatic Kinetic Jaffe i-STAT
pmol/l *p pmol/l *p pmol/l *p
<4h 78.73 £ 14.63 - 77.05 £ 13.12 - 70.14 + -
15.35
6h 74.55 £ 14.11 0.340 78.41 £15.19 0.752 69.91 + 0.96
16.00 2
24 h 78.91 + 14.64 0.967 95.23 £ 20.26 0.001 67.59 + 0.57
14.72 8
48 h 79.86 £ 15.70 0.805 117.64 +£19.82 <0.001 68.18 + 0.66
14.02 2
72 h 76.79 £ 14.82+ 0.676 121.29 £20.97§ <0.001 67.59 £ 0.57
14.71 7
96 h 77.31 £ 10.45% 0.743 124.56 + 18.499 <0.001 66.14 + 0.40
15.82%+ 6

Results are expressed as mean + standard deviation, missing data due to insufficient volume or high haemolysis index (> 1000 mg/dL)
forf,n=3;{,n=6;§, n=019n=4 1% n=1
* p-value for results compared to 4 h creatinine concentration

The kinetic Jaffe method exhibited the widest intra- individual CV (range: 12% — 40% vs. 1.2% —
12% enzymatic and 1.9% — 12% i-STAT method) as well as the greatest inter- assay variation
(22.7% vs. 6.0% enzymatic and 6.6% i-STAT method), as seen in Figure 1. When creatinine
results were assessed against the 10% UOM for each respective assay, 8.9% of the enzymatic
creatinine results fell outside the UOM for the duration of the study compared to 65% of the
results for the kinetic Jaffe method. The i-STAT results could not be evaluated as UOM has not

been established for this assay.
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Figure 1: Intra-individual coefficient of variation for 22 participants for the enzymatic,
kinetic Jaffe and i-STAT creatinine methods over the 96h study period.

Blue bars represent results obtained for the enzymatic method, orange bars for the i-STAT
method and grey bars for the kinetic Jaffe method.

Based on the positive trend of increasing creatinine concentrations over time observed for the Jaffe
method, we explored the data further to determine if a correction factor could be established to
adjust creatinine results obtained from samples with delayed processing time. The percentage
change of the serum creatinine results for the participants over the 96 h time frame was
inconsistent and a correction factor could, therefore, not be established based on the current

sample size (Figure 2).
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Figure 2: Percentage change in serum creatinine concentrations obtained using the kinetic
Jaffe method over 96 h for 22 participants relative to the serum creatinine results at 4 h.
Percentage change to baseline (4 h):

Blue bars = 4-6 h, Orange = 4-24 h, Grey = 4-48 h, Yellow = 4-72 h, Green = 4-96 h.

3.3. Method comparison

Passing-Bablok regression and Bland-Altman plots were used to determine the correlation and
agreement of the kinetic Jaffe method and i-STAT creatinine results compared to the enzymatic
creatinine results at different time intervals (see Table 2, Figure 3 and Figure 4). The enzymatic
method was chosen as the reference method as it had the best analytical CV in our study and

previous studies have shown that this method correlated well with the standard reference method

. e 27,28,29
(isotopic dilution mass spectrometry).



Table 2: Comparison of serum creatinine levels from kinetic Jaffe method and i-STAT method to the enzymatic method using Passing-Bablok and
Bland-Altman analysis

Analytical method Time Passing—Bablok regression Bland-Altman
(hours) parameters
Slope 95% CI Intercept 95% CI r Mean % Mean bias
(95% CI) bias (umol/l)
Kinetic Jaffe Method <4h 0.95 0.78-1.1 0.54 -10.74-15.54 0.953 1.8 -1.31-4.93 1.7
6h 1.10 0.75-1.64 -2.00 -41.18-21.25 0.803 4.7 -10.47-1.04 3.9
24h 1.6 0.95-2.50 -27.83 -88.50-19.65 0.596 -17.8 -25.20-10.40 16.3
48 h 1.26 0.83-2.23 16.84 -56.85-52.75 0.582 -38.6 -45.66—-31.51 37.8
72h 1.33 1.06-2.00 18.90 -32.00-40.13 0.8587 -44.7 -50.24-39.18 44.0
96 h 2.25 1.13-5.50 -23.82 152.40-43.94 0.855% -48.6 -53.41-43.88 49.9
i-STAT <4h 1.01 0.83-1.38 -10.53 -38.23-3.50 0.836 12.2 7.38-16.96 8.6
6h 1.13 0.91-1.40 -13.24 -33.00-2.50 0.900 74 2.89-11.84 4.6
24h 1.04 0.86-1.20 -16.30 -28.50—0.59 0.923 16.0 12.48-19.65 11.7
48h 0.88 0.67-1.12 -1.35 -21.54-13.67 0.893 15.8 11.69-19.95 11.6
72h 1.08 0.86-1.37 -14.61 -38.41-2.57 0.948§ 123 7.93-16.74 8.6
96 h 1.35 1.00-2.00 -38.02 -90.00-10.00 0.8479 18.0 10.86-25.16 12.0

Legend: CI= Confidence Interval, = correlation coefficient, linear regression line y = mx + ¢, ¢ = intercept (constant error), m = slope (proportional error), number
of participants results analysed. ¥,n=19; {,n=16;§, n=19;9, n=16.
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The Jaffe and enzymatic method showed a strong correlation at < 4 h (» = 0.953); however, this
correlation became weaker with time. The higher » values at 72 h and 96 h may be due to the
missing creatinine data (enzymatic 72 h n = 3, enzymatic 96 h n = 6, Jaffe 72 hn =1, Jaffe 96 h n
= 4) for participants at these time intervals. The slope and the intercept increased over the time
interval (Table 2), and this demonstrated the increase in the magnitude of the systematic error. At
4 h, there was a strong agreement between the kinetic Jaffe method and enzymatic methods with a
small negative bias of 1.8% (1.7 umol/l. With an increased delay in sample separation, the kinetic
Jaffe method resulted in an overestimation of creatinine concentrations with a positive bias of

48.6% (49.9 umol/l) at 96 h (Figure 3).

Creatinine results from the i-STAT correlated well with the enzymatic creatinine results over the
six time intervals used in the study: r-value, 0.836—0.948. The i-STAT method had a negative bias
ranging from 7.4% to 18.0% throughout the study. The i-STAT method had a negative bias of

12.2% (8.6 umol/l) at 4 h and 18.0% (12.0 umol/I) at 96 h.

11



B1

Al 5k
1of -
i < 20f
100 § +1.96 SD
2 askf e
= °r g or
S = 5k
= 80 E TT Mean
== 70l é 0 _]_ 1.8
b= = sk
< 2
. 60 2
EloE f 196 5D
50| § sk -12.0
40 L 1 L1 1 1 =20 1 1 1 1 1 1 1
10 S0 60 70 80 90 100 110 50 60 70 80 90 100 110 120
enzymatic 4l pmol/l Mean of enzymatic 4hr and Jaffe 4hr  pmol/l
A2 B2
10} 0
< s0f
100 |- g
920
= g 10p
] S
g_ 80 - % oF T Mean
© 70 T oaof L a7
= =2
K} 60 g 20}k
o g a0l -
)
40 ul 1 L 1 1 i 1 L 1 1 1 '50 0 1 1 L 1 L 1 [ i [ i 1
40 50 60 70 80 90 100 110 40 50 60 70 80 90 100 110
enzymatic 6hr pmol/l Mean of enzymatic 6hr and Jaffe 6hr  pmol/|
A B3
3 ok . 40
130 %
120} g I _____________________ +196SD
= 14.9
s Hop Z o}
g 100l S
g % T Mean
=20
& 90 - S 20T 178
g 80 f- =
K 70| g r -1.96 SD
60 £ ool -50.5
sol g
&
404 ) 1 ) ) ' -80 ! 1 \ !
40 60 80 100 120 140 40 60 80 100 120
enzymatic24hr pmol/| Mean of enzymatic 24hr and Jaffe2dhr  umol/I
Ad B4
160 s 10F
Ll
. g +1.96SD
140 =
<l 73
_
= 5 20
3 120 2
£ < 30k
= & T Mean
= 100 2 40t
2 ’ 1 -38.6
9 5 -0
S sof 8
= - .60k
2 -1.96 SD
sol E _70__ O 08
g 801
40h 1 L1 [ | |‘3-90-|||,|,||,|,|
40 60 80 100 120 140 160 60 70 80 90 100 110 120 130
enzymatic 48hr umol/| Mean of enzymatic 48hr and Jaffe 48hr  pmol/I




AS B5
160 |- s -l10F
° N
1ok 5 20} +196SD
- “ 2232
s 1of E Oor
Q el
E o 40
= Y- =
| 100 |- E T Mean
R T osof L 447
S s0f &
= o =60k
60 = -1.96 SD
] g -T0f 672
N
40 | 1 ] 1 1 1 < .80 - | | | f
40 60 80 100 120 140 160 60 80 100 120 140
enzymatic 72hr pmol/l Mean of enzymatic 72hr and Jaffe 72hr pmol/|
A6 B6
160 | . -20F
e
g . +1.96 SD
140 . z“'I A
S = o)
(=] . =]
g 1201 % ) T Mean
é B 50 J_ -48.6
2 b
S 100f :
: £ wf
= 2 <196 8D
80 E 270 -66.2
-
:
2
60 ul . 1 . 1 ; 1 1 | -80 ul 1 . | 1 . | 1 . |
60 80 100 120 140 160 70 80 90 100 110 120 130

enzymatic 96hr pmol/l

Mean of enzymatic 96hr and Jaffe 961w pmol/l

Figure 3: Passing-Bablok regression curves (A) and Bland-Altman plots (B) comparing
creatinine concentrations from the kinetic Jaffe method with those from the enzymatic method.
Creatinine concentrations at (1) <4 h, (2) 6 h, (3) 24 h, (4) 48 h, (5) 72 h and (6) 96 h.
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Figure 4: Passing-Bablok regression curves (A) and Bland-Altman plots (B) comparing creatinine

concentrations from the i-STAT device with those obtained from the enzymatic method.
Creatinine concentrations at (1) <4 h, (2)6h, (3)24 h, (4)48h, (5) 72 hand (6) 96 h.
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3.4. Comparison of estimated glomerular filtration rate equation performance

The impact on the classification of renal dysfunction of the delay in centrifugation of blood and
serum samples measured for creatinine levels by means of three different laboratory methods was
evaluated with four eGFR equations viz. CG, MDRD v4, MDRD v3, and CKD-EPI. The serum
creatinine eGFR results of the enzymatic and i-STAT methods performed well (to within the 10%
TAE for eGFR throughout the study). However, the eGFR from the Jaffe data decreased over time.
At baseline, viz. < 4 h, there was consensus among all four equations. All 22 participants had an
eGFR > 60 ml/min per 1.73 m? using the CG and MDRD v4 equation. Similarly, 21 participants
had an eGFR > 60 ml/min per 1.73 m? with the MDRD v3 and the CKD-EPI equations (Table 3).
One participant had an eGFR of < 60 ml/min per 1.73 m?. This person was classified as having
stage 3A renal failure with an eGFR 45 ml/min — 59 ml/min per 1.73 m?, according to the KDIGO

guidelines.
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Table 3: Chronic Kidney Disease staging using the four equations based on creatinine results obtained from the enzymatic, Jaffe and i-STAT methods.

Measure Enzymatic method Kinetic Jaffe method i-STAT method

4h 24 h 96 h 4h 24 h 96 h 4h 24 h 96 h
CKD-EPI
¢GFR mean 118 +36 118 £37 114 +28 100 + 26 75+ 33 45+10 147 £ 50 152 + 56 161 + 68
(ml/min per 1.73 m?)
Range 53-217 53-210 73-148 48-150 34-181 24-63 63-269 62-269 81-269
15-29, n (%) 0 (0) 0(0) 0(0) 0 (0) 0(0) 1(5.5) 0 (0) 0 (0) 0 (0)
30—44, n (%) 0 (0) 0(0) 0(0) 0 (0) 29 9 (50) 0 (0) 0 (0) 0 (0)
45-59, n (%) 1(4.5) 1(4.5) 0(0) 1 (0,5) 6 (27) 7 (39) 0 (0) 0 (0) 0 (0)
60-89, n (%) 5(23) 4 (18) 5@31) 7 (32) 10 (45) 1(5.5) 2(9) 2(9) 2 (10)
>90, n (%) 16 (73) 17 (77) 11 (69) 14 (64) 4 (18) 0 (0) 20 (91) 20 (91) 19 (90)
MDRDv3 89 +£20 89 +21 89+ 15 91 +18 83 +31 51+9 104 + 126 107 £27 112+ 34
¢GFR mean
(ml/min per 1.73 m?)
Range 49-141 40-137 62-108 52-125 55-190 31-67 55-166 55-166 68—-166
15-29, n (%) 3044, n (%) 0 (0) 0(0) 0(0) 0 (0) 0(0) 0(0) 0 (0) 0 (0) 0 (0)
45-59, n (%) 0 (0) 0(0) 0(0) 0 (0) 0(0) 4 (22) 0 (0) 0 (0) 0 (0)

>60 1(4.5) 29 0(0) 1 (4.5) 3 (14) 12 (67) 1 (4.5) 1 (4.5) 0 (0)

21 (95.5) 20 (91) 16 (100) 21 (95.5) 19 (86) 2 (11) 21(95.5) 21(95.5) 21 (100)
MDRDv4 eGFR mean 108+25 108 26 108 + 18 100 +22 69 +26 42 £7 125 +£32 130 +32 136 £ 41
(ml/min per 1.73 m?)
Range 59-171 59-166 75-133 63-151 45-157 26-55 67-200 66209 82-201
15-29, n (%) 30—44, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1(5.5) 0 (0) 0 (0) 0 (0)
45-59, n (%) 0 (0) 0(0) 0(0) 0 (0) 0(0) 10 (55.5) 0 (0) 0 (0) 0 (0)

>60, n (%) 1(4.5) 29 0(0) 0 (0) 11 (9) 7 (39) 0 (0) 1(4.5) 0 (0)

21 (95.5) 20 (91) 16 (100) 22 (100) 11 (8) 0(0) 22 (100) 21 (95.5)  21(100)
CG 129 + 66 128+64 125+51 129 + 54 111 +£69 79 £28 125 +52 130 £ 51 137 £ 57
e¢GFR mean
(ml/min per 1.73 m?)
Range 66391 66382 79-295 69-333 54-391 47-162 78-328 76-324 83-324
15-29, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
30—44, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
4559, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 1(4.5) 2 (11) 0 (0) 0 (0) 0 (0)
>60, n (%) 22 (100) 22 (100) 16 (100) 22 (100) 21 (95.5) 16 (89) 22 (100) 22 (100) 21 (100)

CKD-EPI. Chronic Kidnev Disease-Enidemiologv: eGFR. estimated glomerular filtration rate: MDRD. Modifications of Diet in Renal Disease: CG. Cockcroft-Gault.



The change in eGFR varied over time among the different equations. The CG equation was the
least sensitive to the increase in serum creatinine: only 27% (n = 6/22) of eGFR- based 96-h
creatinine concentrations resulted in a change in the Chronic Kidney Disease (CKD) stage when
compared with baseline (i.e. the < 4 h eGFR; see Figure 5). The MDRD v4 equation gave the
greatest change in eGFR over 96 h: 50% (n = 11/22) of participants at 24 h and 100% (n = 22/22) at
96 h showed an eGFR decline compared to baseline. The most significant change of eGFR was
noted with the MDRDv3 equation: 25% eGFR at 48 h and 10% at 96 h compared to the baseline

eGFR.
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Figure 5: Percentage change of estimated glomerular filtration rate classification based on
kinetic Jaffe creatinine concentrations over the 96 h study period compared to estimated
glomerular filtration rate obtained within 4 h using the Cockcroft-Gault, Modifications of
Diet in Renal Disease v3, Modifications of Diet in Renal Disease v4, and Chronic Kidney
Disease-Epidemiology equations.

Blue = CG, Orange = MDRD3, Purple = CKD, Green = MDRDA4.
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Using the CKD-EPI equation as recommended by the KDIGO guidelines, enzymatic and i-STAT
renal classification was noted at different time intervals with changes between stages 1 and 2,
which are not clinically significant for ARV drug choice. Using the kinetic Jaffe method however,

changes in the renal classification were observed for 21 participants over the 96 h study period.

At baseline, < 4 h, 21 of 22 (95%) participants had an eGFR > 60 ml/min/1.73 m? (renal stage 1
and 2) while at 96 h only 1 of 18 (6%) participant was classified as stage 2. The remaining 17
participants (94%) were classified as stage 3a or higher (eGFR < 60 ml/min/1.73 m?). Figure 6
demonstrates that renal staging deteriorated over the study period, with all participants (100%)
eligible for the tenofovir based regimen with an eGFR > 50 ml/min/1.73 m? at 4 h while only four

participants (22%) would have been eligible for this regimen at 96 h.

12

— -
— -

—
e
1

6

4 5
4

Absolute numberof participatants
(@)}

Time (hours)

Figure 6: The number of participants classified per renal stage at each time interval using the serum
creatinine results obtained from the kinetic Jaffe method to calculate estimated glomerular filtration
rate using the Chronic Kidney Disease-Epidemiology equation.

Blue bars = stage 1 (¢GFR > 90 ml/min per 1.73 m?), Red bars = stage 2 (¢GFR 60— 89 ml/min per
1.73 m?), Green bars = stage 3a (¢GFR 45— 59 ml/min per 1.73 m?), Orange bars = stage 3b (eGFR 30
— 44 ml/min per 1.73 m?), Purple bars = stage 4 (¢GFR 15 — 29 eGFR ml/min per 1.73 m?), Missing
data due to hemolysis or insufficient sample = yellow bars.
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4. DISCUSSION

The accurate measurement of serum and whole-blood creatinine is essential to the determination

of the eGFR. Laboratory methods have been standardised, but concern remains regarding the

impact on results of nonspecific analytical biases.”” "' This study from a clinical laboratory based
at a large public hospital in SA reports levels of serum creatinine as assessed by three standard
methods of measurement, following a delay in sample separation and centrifugation. The clinical
significance of the delay was evaluated by calculating the eGFR of each of the 22 patient’s
serum samples by means of the following four equations: the CG, MDRD v4, MDRD v3, and
CKD-EPI. Serum and whole blood creatinine as assessed by the enzymatic and i-STAT methods
were stable throughout the study. However, we found that a delay in centrifugation and sample
separation of > 6 h resulted in significantly raised creatinine concentrations when using the kinetic

Jafte method. This led to the misclassification of patients when the eGFR was determined using all

. : : . . 29,32
four formulas (equations), and was consistent with previous studies.

The Roche enzymatic creatinine results were stable over the duration of the study, with a CV of
6%, which was consistent with a previous study which showed that the enzymatic method meets

the analytical performance specifications as stipulated by the National Kidney Disease Education

33,34

Program (NKDEP) (USA). The i-STAT method showed a mean negative bias of 13.6

pmol/l compared to the enzymatic method. Studies comparing the performance of the i-STAT

. . . 35, 36, 37, 38
device to other platforms have been inconsistent.

One study showed that the i-STAT
overestimated creatinine results by 3.88 umol/l in comparison to the Roche enzymatic creatinine
results. This overestimation occurred predominantly at higher creatinine concentrations. In

contrast, a study conducted on oncology patients found that mean creatinine concentrations

obtained on the i-STAT system were 42.4 umol/l lower than those obtained using the core

35 : : . - .
laboratory method.” The negative bias may be attributed to whole blood creatinine negative
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interferences. POCT creatinine whole blood samples are affected by the matrix effect (such as

. . .40
hematocrit) and are prone to negative bias.

Despite the negative bias seen with the i-STAT device, the creatinine results were sufficiently
sensitive to detect the participant with renal dysfunction using the MDRD v3 and CKD-EPI
equations. There are currently no POCT analytical goals for creatinine and no UOM was
available as this was a new platform. However, the negative bias and the CV were within the

acceptable ‘Laboratory Working Group of the NKDEP’ total error goal of less than 10% for the

eGFR (CV < 8% and an analytical bias relative to IDMS < 5%).41 Previous studies have

cautioned utilisation of POCT creatinine due to failure to detect renal dysfunction; however, in

. . . .. 42 . .
our study the i-STAT did not erroneously classify any of the participants. ~ It is worth noting that
the equations for eGFR were derived using serum samples, therefore utilisation of these

equations with whole blood samples should still be validated using measured GFR.

While standardisation of creatinine methods has addressed calibration biases, method-specific

interferences remain problematic.30 In the current study, the Roche kinetic Jaffe method showed
analytical, clinically significant imprecision and a positive bias for creatinine results when
analysed 24 h after collection. This finding is consistent with previous studies that showed delayed
separation of serum from cellular components following specimen collection resulted in a positive

interference with different Jaffe methods and could be attributed to the accumulation of pyruvate

.. 26 32 . .
and other non-creatinine chromogens.  Ford et al.”  established that on the Roche kinetic Jaffe
method the serum creatinine results were significantly increased from 16 h and recommended that

creatinine results with a delay in separation should not be reported as they impacted CKD staging.
. 26 o .. .
Similarly, Shepherd et al.  showed an overestimation of Jaffe creatinine results when assessing the

impact of delayed sample separation using five different analytical platforms.26 These results are in

contrast to the WHO guidelines that state that creatinine in whole blood is stable at room
21



temperature for 2-3 days.25 In the current study, the overestimation by the kinetic Jaffe method
over time was clinically significant as this led to a higher CKD staging (i.e. lower eGFR). This is
consistent with a study by Drion et al. where they found that creatinine results from Jaffe

techniques were more biased, imprecise and overestimated serum creatinine concentrations,

. . . . 29
especially at low concentrations compared to enzymatic techniques. The authors recommended
that clinical laboratories consider the health costs associated with inappropriate referral and further

suggested using the enzymatic assay that had a minimal bias.

The inconsistencies observed in renal classification using the four GFR equations shown in this
study highlight the fact that these equations cannot be used interchangeably for identifying kidney
disease, monitoring of renal function, drug dosing and selection of ARV drug regimens. Measured
GFR was not required for this study as ascertaining the GFR was not pertinent, but rather the study
sought to quantify the clinical significance of the impact of the instability on the calculated GFR.
The CG equation was the least sensitive to the effect of the increased creatinine concentrations on
eGFR in our study. This is consistent with a previous finding that demonstrated that the CG

equation overestimated the eGFR in a large cohort of Europeans, resulting in the misclassification

of 29.2% of individuals.” In contrast, the CKD-EPI equation was sensitive to the serum creatinine
changes of the kinetic Jaffe method, and the impact on the eGFR was noted at 24 h. This result is
consistent with a previous study by Seape and colleagues who found that the CKD-EPI equation

performed better than other creatinine- based eGFR equations when assessing renal function in

e 44
100 treatment-naive HIV-positive individuals.
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4.1. Strengths and limitations of the study

This study was able to show the impact of delayed processing of samples on creatinine
concentrations on three platforms with a larger sample size than previous studies. In addition,
blood samples were taken from participants at a single time point and the pre-analytical conditions
were standardised. A limitation of this study is that serum indices (such as bilirubin which can
falsely elevate creatinine results) were not considered when evaluating the creatinine result.
Furthermore, we did not exclude all confounders to creatinine measurements such as drugs and
pre-existing renal dysfunction which may have adversely affected the creatinine results at all-time
intervals. In addition, we did not use the reference creatinine method (IDMS) for comparison
purposes; we used an enzymatic method traceable to IDMS. A further limitation is that we did not
have a wide range of creatinine concentrations to see how a delay in centrifugation would affect
the higher concentrations. Furthermore, this study did not explore all the risks associated with
POCT devices such as lot-to-lot variation (one lot number was used), operator variability,
quality control, analytical traceability, impact of temperature, humidity, different sample types,

and the different analytical performance of different POCT devices which have previously been

. . 45
shown to have a significant impact on the eGFR.

S. CONCLUSION

This study demonstrated that the Roche kinetic Jaffe method creatinine assay gave falsely elevated
serum creatinine levels if samples were not separated and analysed within 24 h of collection. The
increase in the serum creatinine concentration over time was clinically significant resulting in

misclassification of renal status which would, in turn, lead to incorrect clinical decisions regarding

ARYV regimen choice. Based on the outputs of this study, and previously published literature, 260,44
laboratories currently analysing creatinine on any Jaffe method should reject (not analyse)

samples reaching the laboratory after the stability index time from collection (< 24 h), or if these
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laboratories decide to analyse these serum creatinine samples an appropriate interpretative
comment should be appended to the result as done for other biochemical analytes such as
potassium, glucose, and phosphate. The enzymatic creatinine method is highly recommended in
clinical laboratories that analyse samples more than 24 h after collection due to transport delays
and excessive workload. A major deterrent concerning the utility of the enzymatic method is its
high cost. However, the health costs associated with the misclassification of patients using the
Jaffe method may outweigh the analytical costs of the enzymatic method. Increased demand for
the enzymatic method will result in competition between suppliers and ultimately reduce the cost.
This study demonstrated that although creatinine assays have been standardised the extra
analytical considerations which are not standardised may result in clinically significant creatinine
results, thus the use of POCT, which performed well in this study, in remote clinics may avert the

need to perform the laboratory-based kinetic Jaffe.

Measurement of creatinine with a POCT provides an accurate, timely result, and has eliminated
the pre-analytical problems noted with the kinetic Jaffe method; therefore, adopting of POCT
creatinine should be envisaged. The i-STAT POCT creatinine, however, had a negative bias which
resulted in the misdiagnosis of a renal dysfunction for one participant with stage 3a renal failure
while the eGFR of the other 21 participants was not affected. Its utilisation in HIV/AIDS
programmes could, therefore, be adopted once the eGFR equations have been validated for the
sample type, confounders of POCT mentioned previously and infrastructural issues such as
integration with the laboratory information systems have been addressed. POCT and enzymatic
assays will reduce unnecessary clinic visits due to renal misdiagnoses (false positives) and
importantly reduce the pill burden, thereby ultimately reducing health costs to both the

government and the patient.
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Background: The measurement of serum creatinine is a standard requirement of the medical
management of people living with HIV. Renal dysfunction is common, both as a complication
of HIV-infection and as a result of its treatment. The detection of abnormal renal function
before the start of antiretroviral therapy will impact patient management and the outcome of
treatment.

Objectives: This study aimed to determine if a time delay in the centrifugation of serum
samples affected the creatinine level and the estimated glomerular filtration rate as recorded
on the analytical platforms used in the laboratory.

Methods: Twenty-two (n = 22) HIV-positive, newly diagnosed and treatment-naive patients
were randomly recruited from Alexandra Health Clinic, Johannesburg, South Africa. Serum
samples were centrifuged at six time intervals following receipt of the sample viz. < 4 h
(baseline), 6 h, 24 h, 48 h, 72 h and 96 h. Creatinine concentrations were measured on the Roche
platform utilising the enzymatic and kinetic Jaffe methods. Whole blood samples were also
analysed with the Abbott i-STAT point-of-care instrument. The estimated glomerular filtration
rate was calculated using the Cockcroft Gault, CKD-Epidemiology Collaboration and
Modified Diet and Renal Disease v3/4 equations.

Results: At baseline (< 4 h) there was good agreement between the enzymatic and kinetic Jaffe
methods: bias 1.7 pmol/1. The enzymatic and i-STAT creatinine concentrations were stable
over 96 h viz. changes of 1.8% and 5.7%. However, from 24 h onwards agreement between the
enzymatic and kinetic Jaffe methods was poor with the latter measuring 43.7 nmol/1 higher
than the enzymatic method at 96 h. Creatinine concentrations measured with the kinetic Jaffe
method increased significantly in samples centrifuged after 6 h (p < 0.001, 61.7% change), and
resulted in a 95% decline in eGFR at 96 h as determined with the CKD-Epidemiology
Collaboration equation.

Conclusion: The analysis of serum creatinine using the isotope dilution mass spectrometry
traceable kinetic Jaffe method is unreliable if performed on samples centrifuged > 6 h after
collection. The raised creatinine concentration can affect clinical decisions such as renal functional
assessment, choice of antiretroviral drug or regimen, and the dose and frequency of medication.

Keywords: Kidney function; serum creatinine; antiretroviral; estimated GFR; kinetic Jaffe;
i-STAT; ROCHE.

Introduction

South Africa (SA) has one of the highest HIV infection rates in the world. In 2016, the overall
prevalence of HIV infection in SA was 12.7%.'* The use of antiretroviral drugs (ARVs) has slowed
the progression of the infection and increased the life expectancy of people living with HIV.>*5
In SA’s public health sector, patients are started on antiretroviral treatment (ART) with
combinations of different ARV drug classes, prescribed as a single, once-a-day tablet.® This has led
to a reduction of the pill-burden of therapy and to improved adherence.”®In the southern African
region the most frequently prescribed initial combination is the nucleotide reverse transcriptase

How to cite this article: Chikomba CE, Padoa CJ, Tanyanyiwa D. Evaluation of the impact of delayed centrifugation on the diagnostic
performance of serum creatinine as a baseline measure of renal function before antiretroviral treatment. S Afr J HIV Med. 2020;21(1),
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inhibitor (NtRTI), tenofovir disoproxil fumarate (TDEF),
the nucleoside reverse transcriptase inhibitors (NRTIs)
emtricitabine (FTC) or lamivudine (3TC) and the non-
nucleoside reverse transcriptase inhibitor (NNRTI), efavirenz
(EFV). This is first-line ART.® Current SA national ART
guidelines indicate that the integrase strand transfer inhibitor
(INSTI), dolutegravir (DTG), has replaced efavirenz for all
except women of child-bearing age who may fall pregnant or
those initiating ART in the first trimester of pregnancy.”!
Tenofovir however remains the standard NRTI-backbone of
all first-line ART in southern Africa.

TDF is an acyclic nucleoside phosphate prodrug. Its long
half-life permits once-daily dosing. Although the drug is
extensively filtered by the kidneys, 20% — 30% is actively
reabsorbed at the proximal tubule. TDF is an occasional
cause of renal injury viz. a proximal renal tubulopathy and a
salt-wasting syndrome (Fanconi Syndrome and renal tubular
acidosis), drug-induced acute kidney injury and a slower,
general decline in glomerular filtration, diabetes insipidus,
and a dysregulation of the kidney’s calcium and phosphorus
metabolism.""?Impaired renal function may also result from
the use of other drugs, such as aminoglycosides,
sulphonamides, and amphotericin B, the presence of HIV-
associated nephropathy (HIVAN), blood-borne infection, for
example tuberculosis, bacteraemia and fungaemia, HIV-
associated immune-complex kidney disease and common
comorbidities such as hypertension and diabetes mellitus.’**
Pre-existing mild renal dysfunction may increase
susceptibility to the toxicity of TDFE. Kidney function must
be evaluated before starting ART: the use of TDF is
contraindicated if the estimated glomerular filtration rate
(eGFR) is < 50 mL/min. Patients on TDF have serum
creatinine measured at 3 and 6 months following the initiation
of ART and biannually thereafter. In high-risk patients, for
example with coexistent hypertension or diabetes, the
creatinine is measured more frequently.’

The measurement of the GFR confirms and stages the degree
of renal impairment and provides a platform for the ongoing
monitoring of kidney function. Although the urinary
clearance of inulin is the gold standard of GFR measurement,’
the method is time-consuming, expensive and impractical in
most clinical settings. Endogenous substances such as serum
creatinine and cystatin C are cheaper, provide more rapid
results and are widely available.' Although the National
Institute for Health and Care Excellence (NICE) and the
Kidney Disease Improving Global Outcomes (KDIGO)
groups both base their eGFR assessment (equations) on
cystatin C, its cost and lack of standardisation excludes its
general use.””’® Creatinine is produced at a constant rate, is
present in all body fluids, and is filtered by the glomerulus.
Its serum level is influenced by several biological factors,
such as active secretion by the renal tubules in the presence
of declining renal function, diet, extremes of muscle mass,
age, gender, drugs and the use of creatine supplements."
Several equations control for some of these variables.*® The
SA National Department of Health (SANDOH) 2019
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guidelines recommend therefore that the Counahan-Barratt
equation be used to measure the eGFR of youths aged 10-16
years and the Modifications of Diet in Renal Disease (MDRD)
equation be used for adolescents and adults 16 years of age
and older.’

The Cockcroft-Gault (CG) equation incorporates the serum
creatinine level and the variables of weight, age and sex in
the measurement of the eGFR.* The equation has
limitations: in pregnancy, at the extremes of weight, and in
those on dialysis for acute renal failure. Its principal use is
in drug dosing and pharmacokinetic studies.?’ The MDRD
equation adds a fourth variable: race.”” This ethnicity
adjustment-factor is based on African Americans and
tends to overestimate the GFR in sub-Saharan (African)
populations.”? The CKD-Epidemiology Collaboration
(EPI) equation is recommended by the KDIGO guidelines
group and has been validated in participants with and
without impaired renal function with eGFR < 90 mL/
min/1.73 min2? The SA National Health Laboratory
Service (SA-NHLS) currently reports both the MDRD and
CKD-EPI eGFR without ethnic adjustment. The adoption
of the CKD-EPI equation in SA has been delayed due to
limited local data.

Routine laboratory serum creatinine measurements are
analysed on Jaffe and enzymatic assays. These methods
should be traceable to isotope dilution mass spectrometry
(IDMS) method and the Standard Reference Material for
creatinine in serum (SRM 967). NHLS laboratories in SA
generally use the modified kinetic Jaffe method, as opposed
to the enzymatic assay, as it is more affordable. The World
Health Organization’s (WHO) guidelines indicate that at
room temperature, creatinine is stable for 2-3 days.”
However, a report from Shepherd et al.* noted a significant
increase in creatinine levels measured on the kinetic Jaffe
method when processing occurred later than 24 h.* This
impacted the study’s eGFR results and had caused the renal
misclassification of patients.? A turnaround time for serum
creatinine measurements from local clinics in Gauteng of
12-72 h has been observed at NHLS laboratories, as reported
in the internal TAT reports. This delay increases with the
remoteness of clinics due to the poor transport networks,
the restricted working hours at referral laboratories, and the
greater workload of regional laboratories. The aim of this
study was to determine, in HIV-positive black South
Africans not on ART, the stability limit (SL), that is, the time
at room temperature, when the serum creatinine results are
still within the maximum permissible instability (MPI)
range.”

Methods
Study population

Twenty-two (n = 22) newly diagnosed and treatment-naive
people living with HIV between the ages of 18 and 70 years
were randomly recruited from the Alexandra Health
Community Centre in Alexandra, Johannesburg, SA. The
minimum number of participants required for testing




the stability of biochemical analytes is 10.” Furthermore,
multiple samples were required from each participant
for analysis on three analysers at six time points, providing
396 creatinine measurement data points. Patients with
comorbidities such as diabetes mellitus, pregnancy, urinary
tract infection, hypertension and proteinuria were excluded
from the study. De-identified demographic and anthropometric
data were transcribed from the patient files.

Sample collection and processing

Each patient provided 13 tubes of blood: 12 x approximately
2 mL in 5 mL serum separator-tubes (5S5T) and 1 x 5mLin a
heparin tube (Becton Dickenson, Plymouth, UK). Serum was
isolated from SST tubes following centrifugation at 1370 x g
for 5 min at defined time intervals viz. <4 h, 6 h, 24 h, 48 h,
72 h and 96 h. Prior to centrifugation, samples were stored at
room temperature. Whole blood heparin tubes were stored at
room temperature until required.

Measurement of creatinine concentrations

Serum creatinine concentrations were measured immediately
after each centrifugation (as above) using the IDMS-traceable
enzymatic and IDMS-traceable kinetic Jaffe method on the
Roche COBAS 8000 module 702 and Roche COBAS 6000
module 502 instruments at the NHLS laboratory of the Chris
Hani Baragwanath Hospital, Soweto, SA. The enzymatic
method test principle is based on a series of coupled reactions
that result in the conversion of creatinine to hydrogen
peroxide. In the final reaction, catalysed by peroxidase, a
quinone imine chromogen is formed. The colour intensity of
this chromogen is measured at 550 nm and is directly
proportional to the concentration of creatinine in the sample.
The kinetic Jaffe method test principle is based on the reaction
of creatinine and picrate under alkaline conditions forming a
yellow-orange complex. The rate of formation of this complex
is proportional to the amount of creatinine in the sample.
The kinetic Jaffe method is prone to interference from non-
creatinine chromogens such as proteins and ketones.
A correction factor of -26 pmol/L is, therefore, universally
applied to correct for these inherent chromogens. Bilirubin is
the major negative interferent in the kinetic Jaffe method, and
this is overcome by rate blanking. The internal quality control
for creatinine in our laboratory is performed twice daily. The
laboratory adheres to the Royal College of Pathologists of
Australasia (RCPA) quality assurance programmes. External
quality assurance submissions during the study period were
within allowable limits.

Creatinine concentrations were also measured using whole
blood samples on the Abbott i-STAT point-of-care instrument
immediately after collection and at 6 h, 24 h, 48 h, 72 h and
96 h. This method is based on the conversion of creatinine
to hydrogen peroxide, via hydrolysis and oxidation.
The hydrogen peroxide is oxidized (at the platinum electrode)
to produce a current that is proportional to the concentration
of creatinine in the sample.
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Estimated glomerular filtration rate
measurements

eGFR was calculated using the MDRDv3 without ethnic
adjustment (age, sex, and serum creatinine), MDRDv4 (age,
sex, ethnicity, and serum creatinine), CG and CKD-EPI
equations with ethnic adjustment.

Statistical analysis

All analyses were performed using Medcalc software. The
Shapiro-Wilks test was used to test for normality. Normally
distributed continuous variables (creatinine) were presented
as mean = standard deviation and continuous variables that
were not normally distributed (age, weight) were presented
as median [interquartile range]. Categorical variables are
presented as proportions and percentages. The Student
paired t-test was used to compare baseline creatinine
concentrations between the three different methods
(Bonferroni corrected p-value). The serum creatinine results
were evaluated for analytically significant changes using the
uncertainty of measurement (UOM; calculated for the
laboratory quality control data in the preceding 6 months),
total allowable error (TAE) of 15% (Clinical Laboratory
Improvement Amendments [CLIA] and coefficient of
variation [CV]). Passing-Bablok linear regression and Bland-
Altman plots were generated to evaluate correlation and
method agreement over time, using the enzymatic method as
the reference method. For all analyses, p < 0.05 was considered
statistically significant.

Ethical consideration

Ethical approval was obtained from the University of the
Witwatersrand Human Research Ethic Committee, reference
number: M1711109. R14/49.

Results
Characteristics of the study population

A total of 22 randomly recruited HIV-positive, treatment-
naive black South African individuals consented to
participate in this study. The median age of the participants
was 37 years. The majority (54.5%; 12 of 22) of participants
were younger than 40 years of age. The age distribution is
consistent with the current demographics published by
Statistics South Africa with respect to individuals mostly
affected by HIV/AIDS. All participants were black Africans
(ethnicity = self-reported). The median weight for the
participants was 70.0 kg (range 45-110 kg) and 59.1% (13 of
22) of participants were male.

Creatinine assay performance

The mean baseline (< 4 h) creatinine concentrations for the
study cohort obtained using the enzymatic, kinetic
Jaffe method and i-STAT methods were 78.73 pmol/L
+14.63 pmol/L, 77.05 pmol/L + 13.12 pmol/L and
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70.14 pmol/L + 15.3 pmol/L: p > 0.05 for all comparisons
(Table 1). The mean creatinine concentrations analysed
using the kinetic Jaffe method were significantly higher
than baseline when blood samples were processed after 6 h:
p <0.001 for all comparisons. Creatinine concentrations did
not change significantly over the 96 h when measured using
the enzymatic method or i-STAT system: p > 0.05 for all
comparisons (Table 1).

The kinetic Jaffe method exhibited the widest intra-
individual CV (range: 12% — 40% vs 1.2% — 12% enzymatic
and 1.9% — 12% i-STAT method) as well as the greatest inter-
assay variation (22.7% vs 6.0% enzymatic and 6.6% i-STAT
method), as seen in Figure 1. When creatinine results were
assessed against the 10% UOM for each respective assay,

. Original Research

8.9% of the enzymatic creatinine results fell outside the
UOM for the duration of the study compared to 65% of the
results for the kinetic Jaffe method. The i-STAT results could
not be evaluated as UOM has not been established for this
assay.

Based on the positive trend of increasing creatinine
concentrations over time observed for the Jaffe method, we
explored the data further to determine if a correction factor
could be established to adjust creatinine results obtained
from samples with delayed processing time. The percentage
change of the serum creatinine results for the participants
over the 96-h time frame was inconsistent and a correction
factor could, therefore, not be established based on the
current sample size (Figure 2).

TABLE 1: Creatinine concentrations for the study cohort (n = 22) obtained using the enzymatic, kinetic Jaffe method and i-STAT methods at six different time intervals.

Time interval

Creatinine concentration

(hours) Enzymatic Kinetic Jaffe i-STAT

umol/I *p umol/L *p umol/L *p
<4h 78.73 £ 14.63 - 77.05+13.12 = 70.14 £ 15.35 =
6h 74.55+14.11 0.340 78.41+15.19 0.752 69.91 + 16.00 0.962
24h 78.91+14.64 0.967 95.23+20.26 0.001 67.59 + 14.72 0.578
48 h 79.86 £ 15.70 0.805 117.64 +19.82 <0.001 68.18 + 14.02 0.662
72h 76.79 £ 14.82} 0.676 121.29 £ 20.97§ <0.001 67.59 £ 14.71 0.577
96 h 77.31 £10.45% 0.743 124.56 + 18.499 <0.001 66.14 + 15.8277 0.406

Results are expressed as mean + standard deviation, missing data due to insufficient volume
T,n=3.

i, n=6.

§,n=1.

,n=4.

TF, n=1.

*, p-value for results compared to 4 h creatinine concentration.

or high haemolysis index (> 1000 mg/dL) for
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FIGURE 1: Intra-individual coefficient of variation for 22 participants for the enzymatic, kinetic Jaffe and i-STAT creatinine methods over the 96-h study period. Blue bars

represent results obtained for the enzymatic method, orange bars for the i-STAT
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method and grey bars for the kinetic Jaffe method.
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FIGURE 2: Percentage change in serum creatinine concentrations obtained using the kinetic Jaffe method over 96 h for 22 participants relative to the serum creatinine
results at 4 h. Percentage change to baseline (4 h): blue bars = 4—6 h, orange = 4-24 h, grey = 4-48 h, yellow = 4-72 h, green = 4-96 h.

Method comparison

Passing-Bablok regression and Bland-Altman plots were
used to determine the correlation and agreement of the
kinetic Jaffe method and i-STAT creatinine results compared
to the enzymatic creatinine results at different time intervals
(see Table 2, Figure 3 and Figure 4). The enzymatic method
was chosen as the reference method as it had the best
analytical CV in our study and previous studies have shown
that this method correlated well with the standard reference
method (isotopic dilution mass spectrometry).? 5%

The Jaffe and enzymatic method showed a strong correlation
at <4 h (r = 0.953); however, this correlation became weaker
with time. The higher r values at 72 h and 96 h may be due
to the missing creatinine data (enzymatic 72 h n = 3,
enzymatic 96 h n = 6, Jaffe 72 h n = 1, Jaffe 96 h n = 4) for
participants at these time intervals. The slope and the
intercept increased over the time interval (Table 2), and this
demonstrated the increase in the magnitude of the
systematic error. At 4 h, there was a strong agreement
between the kinetic Jaffe method and enzymatic methods
with a small negative bias of 1.8% (1.7 pmol/L). With an
increased delay in sample separation, the kinetic Jaffe
method resulted in an overestimation of creatinine
concentrations with a positive bias of 48.6% (49.9 pmol/I) at
96 h (Figure 3).

http://www.sajhivmed.org.za

Creatinine results from the i-STAT correlated well with the
enzymatic creatinine results over the six time intervals used
in the study: r-value, 0.836-0.948. The i-STAT method had a
negative bias ranging from 7.4% to 18.0% throughout the
study. The i-STAT method had a negative bias of 12.2%
(8.6 ymol/L) at 4 h and 18.0% (12.0 pmol/L) at 96 h.

Comparison of estimated glomerular filtration
rate equation performance

The impact on the classification of renal dysfunction of the
delay in centrifugation of blood and serum samples measured
for creatinine levels by means of three different laboratory
methsods was evaluated with four eGFR equations viz. CG,
MDRD v4, MDRD v3, and CKD-EPI. The serum creatinine
eGFR results of the enzymatic and i-STAT methods performed
well (to within the 10% TAE for eGFR throughout the study).
However, the eGFR from the Jaffe data decreased over time.
At baseline, viz. < 4 h, there was consensus among all four
equations. All 22 participants had an eGFR > 60 mL/min per
1.73 m? using the CG and MDRD v4 equation. Similarly,
21 participants had an eGFR > 60 mL/min per 1.73 m? with
the MDRD v3 and the CKD-EPI equations (Table 3). One
participant had an eGFR of < 60 mL/min per 1.73 m?2. This
person was classified as having stage 3A renal failure with an
eGFR 45 mL/min - 59 mL/min per 1.73 m?, according to the
KDIGO guidelines.
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FIGURE 4 (Continues...): Passing-Bablok regression curves (A) and Bland-Altman plots (B) comparing creatinine concentrations from the i-STAT device with those obtained
from the enzymatic method. Creatinine concentrations at (1) <4 h, (2) 6 h, (3) 24 h, (4) 48 h, (5) 72 h.and (6) 96 h.

The change in eGFR varied over time among the different
equations. The CG equation was the least sensitive to the
increase in serum creatinine: only 27% (n = 6/22) of eGFR-
based 96-h creatinine concentrations resulted in a change in
the Chronic Kidney Disease (CKD) stage when compared
with baseline (i.e. the < 4-h eGFR; see Figure 5). The MDRD
v4 equation gave the greatest change in eGFR over 96 h: 50%
(n=11/22) of participants at 24 h and 100% (n =22/22) at 96 h
showed an eGFR decline compared to baseline. The most
significant change of eGFR was noted with the MDRDv3
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equation: 25% eGFR at 48 h and 10% at 96 h compared to the
baseline eGFR.

Using the CKD-EPI equation as recommended by the
KDIGO guidelines, enzymatic and i-STAT renal
classification was noted at different time intervals with
changes between stages 1 and 2, which are not clinically
significant for ARV drug choice. Using the kinetic Jaffe
method however, changes in the renal classification were
observed for 21 participants over the 96-h study period.
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TABLE 2: Comparison of serum creatinine levels from kinetic Jaffe method and i-STAT method to the enzymatic method using Passing-Bablok and Bland-Altman analysis.

Analytical method Time (hours) Passing—Bablok regression parameters Bland-Altman
Slope 95% ClI Intercept 95% Cl r Mean bias % Mean bias,
(95% Cl1) umol/I

Kinetic Jaffe Method <4h 0.95 0.78-1.1 0.54 -10.74-15.54 0.953 1.8 -1.31-4.93 1.7
6h 1.10 0.75-1.64 -2.00 -41.18-21.25 0.803 -4.7 -10.47-1.04 238
24 h 1.6 0.95-2.50 -27.83 -88.50-19.65 0.596 -17.8 -25.20-10.40 16.3
48 h 1.26 0.83-2.23 16.84 -56.85-52.75 0.582 -38.6 -45.66—31.51 37.8
72h 1.33 1.06-2.00 18.90 -32.00-40.13 0.8587 -44.7 -50.24-39.18 44.0
96 h 2.25 1.13-5.50 -23.82 152.40-43.94 0.855% -48.6 -53.41-43.88 49.9

i-STAT <4h 1.01 0.83-1.38 -10.53 -38.23-3.50 0.836 12.2 7.38-16.96 8.6
6h 1.13 0.91-1.40 -13.24 -33.00-2.50 0.900 7.4 2.89-11.84 4.6
24 h 1.04 0.86-1.20 -16.30 -28.50--0.59 0.923 16.0 12.48-19.65 11.7
48 h 0.88 0.67-1.12 -1.35 -21.54-13.67 0.893 15.8 11.69-19.95 11.6
72 h 1.08 0.86-1.37 -14.61 -38.41-2.57 0.948§ 123 7.93-16.74 8.6
96 h 1.35 1.00-2.00 -38.02 -90.00-10.00 0.8479 18.0 10.86-25.16 12.0

Legend: r = correlation coefficient, linear regression line y = mx + ¢, ¢ = intercept (constant error), m = slope (proportional error), number of participants results analysed.

T,n=19.

i, n=16.

§,n=19.

9, n=16.

At baseline, < 4 h, 21 of 22 (95%) participants had an eGFR
> 60 mL/min/1.73 m? (renal stage 1 and 2) while at 96 h
only 1 of 18 (6%) participant was classified as stage 2. The
remaining 17 participants (94%) were classified as stage 3a
or higher (eGFR < 60 mL/min/1.73 m?). Figure 6
demonstrates that renal staging deteriorated over the study
period, with all participants (100%) eligible for the tenofovir
based regimen with an eGFR > 50 mL/min/1.73 m? at 4 h
while only four participants (22%) would have been eligible
for this regimen at 96 h.

Discussion

The accurate measurement of serum and whole-blood
creatinine is essential to the determination of the eGFR.
Laboratory methods have been standardised, but concern
remains regarding the impact on results of nonspecific
analytical biases.***' This study from a clinical laboratory
based at a large public hospital in SA reports levels of serum
creatinine as assessed by three standard methods of
measurement, following a delay in sample separation and
centrifugation. The clinical significance of the delay
was evaluated by calculating the eGFR of each of the
22 patient’s serum samples by means of the following
four equations: the CG, MDRD v4, MDRD v3, and CKD-EPIL.
Serum and whole blood creatinine as assessed by the
enzymatic and i-STAT methods were stable throughout the
study. However, we found that a delay in centrifugation and
sample separation of > 6 h resulted in significantly raised
creatinine concentrations when using the kinetic Jaffe
method. This led to the misclassification of patients when the
eGFR was determined using all four formulas (equations),
and was consistent with previous studies.?*

The Roche enzymatic creatinine results were stable over the
duration of the study, with a CV of 6%, which was consistent
with a previous study which showed that the enzymatic
method meets the analytical performance specifications as
stipulated by the National Kidney Disease Education

http://www.sajhivmed.org.za . Open Access

Program (NKDEP) (USA).*?** The i-STAT method showed
a mean negative bias of 13.6 pumol/L compared to
the enzymatic method. Studies comparing the performance
of the i-STAT device to other platforms have been
inconsistent.®%%3 One study showed that the i-STAT
overestimated creatinine results by 3.88 pmol/L in
comparison to the Roche enzymatic creatinine results. This
overestimation occurred predominantly at higher creatinine
concentrations. In contrast, a study conducted on oncology
patients found that mean creatinine concentrations obtained
on the i-STAT system were 42.4 pmol/lower than those
obtained using the core laboratory method.” The negative
bias may be attributed to whole blood creatinine negative
interferences.* POCT creatinine whole blood samples are
affected by the matrix effect (such as haematocrit) and are
prone to negative bias.*

Despite the negative bias seen with the i-STAT device, the
creatinine results were sufficiently sensitive to detect the
participant with renal dysfunction using the MDRD v3
and CKD-EPI equations. There are currently no POCT
analytical goals for creatinine and no UOM was available
as this was a new platform. However, the negative bias
and the CV were within the acceptable ‘Laboratory
Working Group of the NKDEP’ total error goal of less than
10% for the eGFR (CV < 8% and an analytical bias relative
to IDMS < 5%).4 Previous studies have cautioned utilisation
of POCT creatinine due to failure to detect renal
dysfunction; however, in our study the i-STAT did not
erroneously classify any of the participants.*? It is worth
noting that the equations for eGFR were derived using
serum samples, therefore utilisation of these equations
with whole blood samples should still be validated using
measured GFR.

While standardisation of creatinine methods has addressed
calibration biases, method-specific interferences remain
problematic.* In the current study, the Roche kinetic Jaffe
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FIGURE 5: Percentage change of estimated glomerular filtration rate classification based on kinetic Jaffe creatinine concentrations over the 96-h study period compared
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and Chronic Kidney Disease-Epidemiology equations. blue = CG, orange = MDRD3, purple = CKD, green = MDRDA4.
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FIGURE 6: The number of participants classified per renal stage at each time interval using the serum creatinine results obtained from the kinetic Jaffe method to calculate
estimated glomerular filtration rate using the Chronic Kidney Disease-Epidemiology equation. Blue bars = stage 1 (eGFR > 90 mL/min per 1.73 m?), Red bars = stage 2
(eGFR 60 mL/min per 1.73 m? -89 mL/min per 1.73 m?), Green bars = stage 3a (eGFR 45 mL/min per 1.73 m? — 59 mL/min per 1.73 m?), Orange bars = stage 3b (eGFR 30
mL/min per 1.73 m? — 44 mL/min per 1.73 m?), Purple bars = stage 4 (15 eGFR mL/min per 1.73 m?- 29 eGFR mL/min per 1.73 m?), Missing data due to haemolysis or

insufficient sample = yellow bars.

method showed analytical, clinically significant imprecision
and a positive bias for creatinine results when analysed 24 h
after collection. This finding is consistent with previous
studies that showed delayed separation of serum from
cellular components following specimen collection resulted
in a positive interference with different Jaffe methods and
could be attributed to the accumulation of pyruvate and
other non-creatinine chromogens.” Ford et al.** established
that on the Roche kinetic Jaffe method the serum creatinine
results were significantly increased from 16 h and
recommended that creatinine results with a delay in
separation should not be reported as they impacted CKD
staging. Similarly, Shepherd et al.?showed an overestimation
of Jaffe creatinine results when assessing the impact of
delayed sample separation using five different analytical
platforms.?® These results are in contrast to the WHO
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guidelines that state that creatinine in whole blood is stable at
room temperature for 2-3 days.”® In the current study, the
overestimation by the kinetic Jaffe method over time was
clinically significant as this led to a higher CKD staging (i.e.
lower eGFR). This is consistent with a study by Drion et al.
where they found that creatinine results from Jaffe techniques
were more biased, imprecise and overestimated serum
creatinine concentrations, especially at low concentrations
compared to enzymatic techniques.”” The authors
recommended that clinical laboratories consider the health
costs associated with inappropriate referral and further
suggested using the enzymatic assay that had a minimal bias.

The inconsistencies observed in renal classification using
the four GFR equations shown in this study highlight the
fact that these equations cannot be used interchangeably for




identifying kidney disease, monitoring of renal function,
drug dosing and selection of ARV drug regimens. Measured
GFR was not required for this study as ascertaining the GFR
was not pertinent, but rather the study sought to quantify
the clinical significance of the impact of the instability on
the calculated GFR. The CG equation was the least sensitive
to the effect of the increased creatinine concentrations on
eGFR in our study. This is consistent with a previous finding
that demonstrated that the CG equation overestimated the
eGFR in a large cohort of Europeans, resulting in the
misclassification of 29.2% of individuals.** In contrast, the
CKD-EPI equation was sensitive to the serum creatinine
changes of the kinetic Jaffe method, and the impact on the
eGFR was noted at 24 h. This result is consistent with a
previous study by Seape and colleagues who found that the
CKD-EPI equation performed better than other creatinine-
based eGFR equations when assessing renal function in 100
treatment-naive HIV-positive individuals.*

Strengths and limitations

This study was able to show the impact of delayed
processing of samples on creatinine concentrations on three
platforms with a larger sample size than previous studies.
In addition, blood samples were taken from participants at
a single time point and the pre-analytical conditions were
standardised. A limitation of this study is that serum indices
(such as bilirubin which can falsely elevate creatinine
results) were not considered when evaluating the creatinine
result. Furthermore, we did not exclude all confounders to
creatinine measurements such as drugs and pre-existing
renal dysfunction which may have adversely affected the
creatinine results at all time intervals. In addition, we did
not use the reference creatinine method (IDMS) for
comparison purposes; we used an enzymatic method
traceable to IDMS. A further limitation is that we did not
have a wide range of creatinine concentrations to see how
a delay in centrifugation would affect the higher
concentrations. Furthermore, this study did not explore all
the risks associated with POCT devices such as lot-to-lot
variation (one lot number was used), operator
variability, quality control, analytical traceability, impact of
temperature, humidity, different sample types, and the
different analytical performance of different POCT devices
which have previously been shown to have a significant
impact on the eGFR.*

Conclusion

This study demonstrated that the Roche kinetic Jaffe method
creatinine assay gave falsely elevated serum creatinine
levels if samples were not separated and analysed within 24
h of collection. The increase in the serum creatinine
concentration over time was clinically significant resulting
in misclassification of renal status which would, in turn,
lead to incorrect clinical decisions regarding ARV regimen
choice. Based on the outputs of this study, and previously
published literature,®* laboratories currently analysing
creatinine on any Jaffe method should reject (not analyse)

Page 13 of 15 . Original Research

http://www.sajhivmed.org.za . Open Access

samples reaching the laboratory after the stability index
time from collection (< 24 h), or if these laboratories decide
to analyse these serum creatinine samples an appropriate
interpretative comment should be appended to the result as
done for other biochemical analytes such as potassium,
glucose, and phosphate. The enzymatic creatinine method
is highly recommended in clinical laboratories that
analyse samples more than 24 h after collection due to
transport delays and excessive workload. A major deterrent
concerning the utility of the enzymatic method is its high
cost. However, the health costs associated with the
misclassification of patients using the Jaffe method may
outweigh the analytical costs of the enzymatic method.
Increased demand for the enzymatic method will result in
competition between suppliers and ultimately reduce the
cost. This study demonstrated that although creatinine
assays have been standardised the extra analytical
considerations which are not standardised may result in
clinically significant creatinine results, thus the use of
POCT, which performed well in this study, in remote
clinics may avert the need to perform the laboratory-based
kinetic Jaffe.

Measurement of creatinine with a POCT provides an
accurate, timely result, and has eliminated the pre-analytical
problems noted with the kinetic Jaffe method; therefore,
adopting of POCT creatinine should be envisaged. The
i-STAT POCT creatinine, however, had a negative bias
which resulted in the misdiagnosis of a renal dysfunction
for one participant with stage 3a renal failure while the
eGFR of the other 21 participants was not affected. Its
utilisation in HIV/AIDS programmes could, therefore, be
adopted once the eGFR equations have been validated for
the sample type, confounders of POCT mentioned
previously and infrastructural issues such as integration
with the laboratory information systems have been
addressed. POCT and enzymatic assays will reduce
unnecessary clinic visits due to renal misdiagnoses (false
positives) and importantly reduce the pill burden, thereby
ultimately reducing health costs to both the government
and the patient.
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Title of study:

Evaluation of the diagnostic performance of serum creatinine as a baseline measure of renal

function before ARV treatment

Background and Literature Review

Human immunodeficiency virus (HIV) is a lentivirus that destroys the immune system and over
time the HIV infection culminates into the acquired immunodeficiency syndrome (AIDS). South
Africa still harbours one of the largest HIV burdens, with an HIV prevalence of approximately
12,7% in 2016. The total number of people living with HIV in South Africa was estimated at
approximately 7 million in 2016. (StatsSA, 2017). The introduction of antiretroviral drugs has
drastically slowed the progression of the infection to AIDS and has seen an increase in the life

expectancy of these patients.

There are five different classes of antiretroviral (ARV) drugs in South Africa namely nucleoside
reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs),
protease inhibitors (PIs), integrase inhibitors (INSTIs) and fusion inhibitors (FIs). ARV’s are
usually prescribed as a three drug combination, sometimes referred to as the highly active
antiretroviral drugs (HAART). A number of three drug dose combinations are used and in our
setting and the preferred first line combination, is the Tenofovir based regimen. The fixed drug
combination of Tenofovir (TDF), Emtricitabine (FTC) and Efavirenz (EFV) is the preferred
combination in the public health sector (Davies, 201.3). The selection of the regimen is based on
patient co-morbities (i.e. psychiatric conditions), and biochemical markers (i.e. creatinine and

alanine transferase).
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TDF is an oral prodrug of Tenofovir, an acyclic nucleoside phosphate and was the first NRTI
approved for treatment of HIV. TDF has a long half-life that permits once daily dosing thus
reducing the pill burden and improving compliance. It is a very well tolerated drug and can be used
to treat hepatitis B virus coinfection. TDF is extensively excreted by the kidneys by filtration and
20-30% 1s actively reabsorbed by the proximal renal tubules via the organic anion transporter 1
(OAT-1). TDF is associated with proximal renal tubulopathy, (tubular wasting syndromes) like
Fanconi syndrome, and other related nephrotoxicity’s like the decline in glomerular filtration, acute
kidney injury, diabetes insipidus and calcium and phosphorus dysregulation associated with bone
pathology. It is therefore important to investigate the renal function of patients prior to the initiation
of therapy as borderline or mild renal dysfunction increases the risk of nephrotoxicity from TDF.

(Tourret, 2013).

HIV patients are prone to an impaired renal function because of many factors such as the use of
nephrotoxic ARV’s, nephrotoxic opportunistic infection therapy (amphotericin and HIV associated
nephropathy. Renal function can be assessed by determining the glomerular filtration rate (GFR) or
estimating the glomerular filtration rate (eGFR). GFR is used for classification of chronic kidney
disease (CKD) and monitoring of CKD patients. The gold standard for determining the GFR is the
use of bolus inulin infusion. This method requires timed urine collection, is tedious and has poor
analytical specificity. Silver exogenous methods such as the Inulin (sinistrin) single-bolus plasma
clearance method or radio isotopic methods (51Cr-EDTA,99mTc-DTPA,1251-iothalamate) and
Iohexol are used in first world countries but cannot be used in our routine clinical practices because
they are time-consuming, expensive, have a risk of ionising radiation from isotopes and are not

readily available in our country ( Tietz, 2012).
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Using methods of estimating GFR in our settings by use of endogenous methods such as creatinine
and cystatin tend to offer a more practical approach for the day to day clinical utilisation. Creatinine
is readily used in state laboratories because it is more accessible and cheaper compared to Cystatin
C. The serum creatinine result and the patient demographic details (age, gender, and race) are used
to calculate the eGFR using the Modification of Renal Disease MDRD equation. The serum
creatinine result and the eGFR have an inverse relationship. Alternatively, the Cockcroft Gault

equation can be used to estimate the GFR. (Froissart, 2005).

Creatinine is an endogenous marker synthesised in the kidneys, liver and pancreas by two
spontaneous reactions from high energy creatine phosphate or dehydration of creatine. Creatinine is
produced at a constant rate, present in all body fluids, easily filtered by the glomerulus, easy and
cheap to analyse. Its biggest drawbacks are that it is affected by diet, muscle mass extremes, age,
gender, certain drugs such as cimetidine, creatine supplements; it is reabsorbed in the renal tubules

and secreted in the renal tubules (Tietz, 2012).

Creatinine was first identified in 1847 by Lieberg as a substance that is obtained from creatine
heating. The measurement of creatinine started in 1886 after Jaffe noted a red colour when
creatinine reacted with picric acid in an alkaline solution (Blijenberg, 1994). Introduction of the
kinetic methods for creatinine measurements were introduced to overcome the interferences on the
endpoint assay. The kinetic methods exploit the fact that creatinine and non- creatinine chromogens
have a differential rate of colour development (Kaplan, 2010). In the public-sector laboratories,
creatinine measurements are predominantly performed using the cost effective Kinetic Jaffe
method. Enzymatic methods for creatinine analysis are based on degradation of creatinine to

provide measurable products, such as nicotinamide adenine dinucleotide - hydrogen (NADH),
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hydrogen peroxide and ammonia selective electrodes. The enzymatic method uses coupled reactions

using creatininase, creatinase and creatinine deaminase in the initial reactions (Kaplan, 2010).

The 2017 South African HIV guidelines recommend the use of creatinine as a marker of renal
function, to help ascertain the suitability of using TDF based regimens and for early detection of
renal disease in HIV populations. These complications inform the treatment guidelines that state
that the creatinine clearance (CrCl) should be estimated before commencing TDF, and further
elucidate that TDF should not be used if the eGFR or CrCl is < 50 mL/min. The patients on TDF
should have their creatinine monitored at three months, six months and then 6-monthly thereafter.
In high risk patients (particularly those with coexistent hypertension or diabetes), creatinine should
also be checked at one and two months (Meintjes, 2017). The creatinine clearance is derived from

the Cockcroft Gault equation or Modification of Renal Disease (MDRD) equation.

Serum creatinine samples are analysed by the National Health Laboratory Services Laboratories
(NHLS) for the government HIV clinics. The majority of these laboratories run the Jaffe kinetic
methods. The average delay from sample collection to arrival at the Charlotte Maxeke Academic
Hospital NHLS for the year 2016 was 9.4 hours. The clinic samples are not prioritised at the
academic laboratory, resulting in further delays in sample registration and analysis. This time delay
increases in remote clinics because of distances between laboratories and clinics, poor transport
network, restricted working hours at referral laboratories and an increased workload at regional

laboratories.

The usefulness of using serum creatinine as a sole determinant for the renal function for any clinical
decisions in antiretroviral treatment in the South African Public Health clinics should be evaluated
as previous studies such as Shepherd et al. (2007), stated that the delays in sample separation could

lead to significant increases in measured creatinine and misclassification of CKD on the Jaffe assay
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over the 30 hours of their study. The enzymatic creatinine assays however showed reliable results
despite the delay in sample separation. Tietz et al. (2012) also states that delayed separation of
serum beyond 14 hours will result in elevated creatinine results on some kinetic Jaffe creatinine
methods most likely due to the release of non-creatinine chromogens from red cells. The
abovementioned fact does infer that the delay in sample separation in the analyses of serum
creatinine can give a falsely high result thus lowering eGFR, which might result in misclassification

of patients and the unnecessary use of other ARV drug regimens.

Problem Statement

Kidney disease was reported as a complication of the acquired immunodeficiency syndrome before
the advent of antiretroviral therapy. Prior to initiation of HAART, biochemical tests are done to
exclude renal complications of HIV and to help in the selection of the appropriate ARV drug
regimens. Creatinine is used as the sole renal marker in South Africa to ascertain presence of HIV
related nephropathy (HIVAN) or to the suitability of using Tenofovir based ARV drugs. Delay in
separation of serum Creatinine measured on the jaffe platforms has been reported to cause falsely
elevated creatinine results and thus may lead to misclassification of the renal pathology. This study
hence seeks to ascertain if this delay indeed affects the classification of HIV patients, thus resulting

in them not qualifying for user friendly and cost effective Tenofovir drug regimens.

Research Question

How effective is the sole measurement of serum creatinine in assessing kidney function before

commencing antiretroviral therapy in South African public health clinics.



Hypothesis

Null hypothesis: Delayed sample separation does not significantly affect creatinine levels to result
in altered ARV therapy.
Alternative: Delayed separation of samples can result in increased creatinine levels that prevent the

use of preferred ARV therapy.

Aim of study

To evaluate the impact of delayed serum separation on the diagnostic performance of serum

creatinine as a baseline measure of renal function before ARV treatment.

Specific objectives

To compare the analytical stability of serum creatinine in HIV positive patients.

To compare the impact of delaying sample separation of serum creatinine on different analytical
methods (enzymatic, kinetic Jaffe and i-STAT methods)

To determine if changes in the serum creatinine results obtained on the different assays have an
impact on eGFR results

To establish the effect of delayed separation of serum creatinine on renal function classification and
treatment choice of ARV naive patients

To establish a sample separation cut off time where the serum creatinine result can still be deemed
reliable based on the analytical platform used (Jaffe / enzymatic / i-STAT)

To establish a percentage deterioration of serum creatinine, to establish a mathematical model that

can be used on a creatinine analysed after determined stability index time.

7|Page



Materials and Methods

Study design:

Experimental study design in which serum creatinine samples will be analysed at different time

intervals, using three different methods.

Study population:

Recruitment of participants: 20 HIV positive, treatment naive, patients will be randomly selected
from the Alexandra Health clinic. These are patients that have recently tested positive for HIV and
are awaiting initiation of ARVs. Twelve 3.5ml yellow serum separator tubes (SST) will be
collected from each consenting patient during a single venesection procedure using the push button
21 gauge (green) butterfly by the primary investigator. The samples will be split into two groups
for analysis of serum creatinine at CHBAH (group B) and CMJAH (group J). The J group will be
analysed on the Roche enzymatic platform and the B group will be analysed on the Roche kinetic

and point of care I stat machine.

All tubes labelled 1 will be spun within 4 hours post venesection and will be treated as the baseline
samples. Tubes labelled 2 will be retrieved 6 hours post centrifugation of the baseline samples.
Samples labelled 3 to 6 will be retrieved on subsequent days from day 2 until day 5. All
centrifugation steps and analysis will be done between 08:00 — 10:00 on the respective days to
allow for the consistency in the 24-hour periods between samples being analysed. A further
creatinine measurement will be performed on day 7 on all the samples analysed above (i.e. 144
samples) to determine if there are any significant variations in serum creatinine results post

centrifugation. Refer to Figure 3 (Appendix 1) for a schematic representation of the process.

8|Page



Anthropometric measurements, age and gender will be obtained for each patient and recorded on

the data collection information sheet (see Appendix 2).

Sample size

The required number of samples was determined from the following equation:

n=[Z2 (100-p) pd] €2

n = required sample number Z = Critical value

We will use a 95% confidence interval (95% — Z score = 1.96)

P = proportion, based on 97% of creatinine samples received at CMJAH and CHBAH from the HIV

clinics

&€= Margin of error (4%) d = design effect, in our case will be 1 (awaiting HAART).

Therefore

n=[Z2 (100-p) pd] €2

n=[1.96 (100-97) 97x1] = (4%)2

n=[3.8416x3 x 97] = 16

n=70

We will recruit 20 participants which will give us 240 samples. Previous studies such as Sheperd et

al. (2007) and Devgun (1989) used 5 and 20 participants, respectively.
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Inclusion criteria:

HIV patients randomly selected from the Alexandra Health Clinic:

HIV positive adults >18 years

HIV positive adults < 70 years. This age range is ideal because one of the eGFR equations, namely
MDRD is validated in this age range

ARYV naive

patients with no other co-morbities i.e. DM

Exclusion Criteria

History of renal disease:

Acute kidney injury - this renders creatinine unstable thus cannot be used in eGFR

Urinary tract infection

Chronic kidney disease i.e. secondary to hypertension or diabetes mellitus

Patients on any nephrotoxic drugs i.e. amphotericin

Samples that have noted haemolysis, lipaemia, icterus that are remarkable and affect the creatinine
analysis on Jaffe and enzymatic method (obtained from the serum indexes report).

Any patients on antibiotics containing cephalosporin as this can give significant false positives on
the Jaffe method.

Patients on any vitamin C supplements as this affects the hydrogen peroxidase indicator reaction on
the enzymatic platform.

Patients with any other conditions that can affect creatinine i.e. Recent amputation

Samples that do not have the baseline analysis done within the 30 minutes to 4 hours prescribed

time.
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Results that are obtained when the daily quality control has failed.

Sample storage

All samples will be stored at ambient temperature to mimic the current analytical environment
available in most NHLS laboratories. Ambient temperature storage can be found at all laboratories

from small to tertiary laboratories and during sample transportation.

Analytical Methods

Creatinine Enzymatic method:

This method will be run on the Roche cobas 8000 at CMJAH. The enzymatic method test principle
is a coupled reaction with the initial reaction based on the conversion of creatinine to creatine in the
presence of creatininase (Figure 1). Vitamin C and rifampicin will result in a negative interference

on this assay (see appendix 4)

creatininas:s

creatinine + HaO —= creatine
creabtinase

creatine + HaO — = Ssarcosine 4+ urea

SO0
sarcosine + O + HxyO —= glycine + HCHO + HxOs

POD
He O + d-aminophenazone + —= quinone Imine chromogen +
HTIB® HzO + H

bl 2. 4 &-trodo-3-hydnooovbeneoic acid

Figure 1: Enzymatic colorimetric method for the measurement of creatinine (see appendix 4)

Kinetic Jaffe method:
This method will be run on the cobas 8000 at Chris Hani Baragwanath Hospital NHLS Laboratory.
The test principle is based on the reaction of creatinine and picrate under alkaline conditions which

forms a yellow orange complex. The Jaffe method is prone to interference from non-creatinine



chromogens such as protein and ketones, and this method uses a correction factor of -26 mmol/L to
account for these chromogens. Bilirubin is the most predominant negative interference on the Jaffe

reaction and this is overcome by rate blanking. (See appendix 3)

POCT device

An I-STAT Creatinine point of care device will be used at CHBAH NHLS laboratory. The
creatinine will be measured by hydrolyzing creatinine to creatine in the presence of creatinine
amidohydrolase. Multiple coupled reactions occur to give hydrogen peroxide as an end product.
Hydrogen peroxide is oxidized by the platinum electrode to produce current that is proportional to
the serum sample concentration.

. Craatinine Amidohydrolase )
Creatinine + H.O = Creatine

. Craating Amidinohvdrolase )
Creatine + H,0 - Sarcosine + Urea

) Sarcosine Cxidase .
Sarcosine + O, + HO = Glycine + Formaldehyde + H,O,

H:DE—-—. {:}2 + 2H*+2e

Figure 2: Enzymatic amperometric method (See Appendix 5)
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Statistical Analysis

All the information collected on the information sheet will be used for statistical analysis. The

significance levels of the tests to be used will be set at the 5% level.

Data analysis techniques

Coefficient of variation will be calculated to assess the consistency and precision of the results over
time.

The measurement of uncertainty of creatinine for each platform will be calculated, to identify the
significant change

Bland-Altman plot will be used to compare the methods

A two sample T-test will be used to compare the difference in the mean serum results between days.

An agreement test will be carried out to assess the significant difference in the serum levels detected
across the methods.

A paired student t- test will be used to test the consistency of results across the varying sample
replicates.

Categorical tests using methods such as Chi-square tests will be used to measure the degree of

misclassification of renal disease.

The Kaplan- Meier survival estimate will be calculated to determine the extent of renal
classification over varying waiting times.

A regression model to estimate a mathematical model that can be applied to the creatinine under

analysis at varying time periods will be done if the creatinine variation is uniformly distributed.
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Ethical considerations

Signed informed consent will be obtained from the participants and any detection of renal
impairment will be reported to the treating clinician, to give the participant timeous appropriate
medical care. I will obtain ethical clearance from the University of the Witwatersrand Human
Research Ethics Committee (Medical) before collection of any blood samples from patients.
Permission will be sort from the Gauteng Department of Health to allow us to conduct our study at

the Alexandra Health Clinic.

Time frame

Task Time

Protocol presentation to department 17 October 2017
Ethics submission 4 November 2017

Protocol submission

18 October 2017

Protocol assessor meeting 7 Nov 2017
Funding application November 2017
Data collection and sample analysis Dec to March 2018
Data analysis March to June 2018

Write up of research

June to December 2018

Table 1: Outline of Time budget

Budget and Funding: The budget for this study is illustrated in Table 2. The NHLS tariffs of

R30.02 per creatinine analysed is based on an all-inclusive itemised costing which includes all the

pre-analytical phlebotomy instrumentation required i.e. cotton wool, swabs and needles. (Tariff
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code 2960). I intend on applying for funding from the NHLS K funding and Roche diagnostics. If

no funding can be accessed for this project, the study will proceed.

BUDGET

Quantifiable items Rands
Creatinine tests @ R 30.02 | 240 *2 R 14 409.60
I —stat Creatinine 20 R 720.00
Sub Total R 15 139.60
Grand Total R 15 139.60

Table 2: Budget

Limitations

Our research is limited to one geographical region which might be a confounding factor in this
instance as the analysis will be restricted to a single clinic which might attract a population of a
specific profile.

We are only analysing the impact of delay in separation on one manufactures platform for the

Enzymatic and Jaffe reaction.
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Appendix 1

Figure 3: Schematic representation of analytical process
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Appendix 2

ARV-Creatinine Stability Project
Data Collection Schedule

Patient Identity

Date of birth Gender Female Male
Folder Number Project ID HV/Creat---/2017
Blood pressure Weight kg Height cm
Urinalysis Protein
Sample | Analysis schedule Time Date Creat Creat Jaffe | Creat I-stat
Roche E
1 Baseline (< 4 hours)
2 6 hours
3 24 h
4 48 h
5 72 h
6 96 h
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RO MO M RS TR YL

CREJ2

Creatinine Jafé Gen.2
Crder Informaton

Appendix 3. Roche Diagnostics. Cobas package insert CREJ 2017: 1.0

cobas’

[CosTEnT] Analyzerz) on whikh cobas ¢ packiz) can be uzed
04810716 120 | Creatinine Jamé Gen 2 70O tests System D 07 6828 2 | Anche™HRachl cobas ¢ 311, cobea & 501/502
10TSEE50 120 | Calbrator Loz [12 %3 mL) Code 401

10T3EE50 350 | Callprator La.e. (12 x 3mL, for USA} Code 401

12145435 1=2 | Precinorm U jplus (10 x 3 mL) Code 300

12149435 160 | Pracinorm U phus (10 € 3 miL, for LISA) Code 300

12148443 1=2 | Precipath U iz (10 %3 mi) Code 31

12145443 160 | Precipatn U pis (10 % 3 ML for USA) Code 31

0171743 122 | Pracinorm U (200 € 5 mL) Code 300

1071778 122 | Precipath U (20 x5 miL} Coade 301

03121313 122 | Pracinorm PUC (4 = 3miL) Code 240

D3121281 122 | Precipamn PUC (4 = 3 M) Cods 281

05117003 190 | PreciConirod CERChem Mul 1 (20 x 5 mL) Code 381

05547596 150 Eﬁfmﬂu CEnCTiem MUl 1 (4% 5 mL, for Code 304

05947626 190 | PreciConirod CInChem Mul 1 (4 x 5 mL} Code 301

05117216 190 | PreciConirod CERChem Mul 2 |20 x 5 mL) Code 382

D5547TT4 150 EI‘ETJCIIW CnChem Mull 2 {4 x 5 mL, for Code 282

05547774 120 | PraciControd CEnCRhem Mul 2 (4 @ 5 mL} Code 382

04485557 120 | Diluent MaCl % % (50 mL) Syzhem-D 07T G568 3

Englizh plazma have been made. Amang he varous ected, bwo
System information have found wige recognition: that of Cockoft and Gaut and thal bazed on

For cobas ¢ 311/501 analyzers
CREJ2: ACH &80 (Aate planked, compenzsied, zerum and plazma)
CRUI2IE: ACH 6581 |Rate blanked, uine)

SCREZ: ACN 773 [STAT, compers=ated, senum and plasma, reacton
time: 4)

SCR2ZU: ACH 774 |STAT, urine, reaction time: 4)

For cobas ¢ 502 analyzsr

CREJ2: ACH 3600 (Aate planked, compensated, semum and plazma)
CRJ2W: ACH BES1 [Rale bianked, urine)

sn:rﬂ]: ACH 5773 (STAT, compenzxied, 2erum and plasma, reaction
time: 4.

SCR2U: ACH 8774 |STAT, wine, reaction fime: 4}

Infended use

In wiime it for he defermination o creatining In human zerum,
pizzma and urine on AochaHitachl cobes © Fystems.

Summary 3345

Chionic Money dizeaze 2 3 worowide poblem hat cames a sunetamtial
nek for cardiovascular morokiity and geath. Cument guidsdines geline
chimnic kidney diseass a2 kidney damage o glomerutar SliraSon rale [GFA)
le22 than 60 mLmin per 1.73 m* for three months of more, regandess of
CAUSE.

The azsay of cresinine In 2erum or plazma i the most commonly wed fest
o azsess rendal function. Creainine ks a break-down afl reaine
phozphate In mscke, and i wEually produced at a taldy constant rate by
the body [sependng on muzcle mazss). | k2 freely TRered by the glomerull
and. under normal Ganciians, ks not re-abeorbed Dy Tie hudulkes B any
apprecisble exfent. A 2mall but 2ignificant amount i aleo actiely soorehed.

Sincs & nze In blood creafdnine ks obaerded only with marked damage of the
nepfwons, It = not sulfed to detect earty stage kidney diseaze. A
conskderanly more senaiitve 1eet and betier estimation of giomenuiar
Titration rate (GFF) l ghen by the creatinine cleamnce fest based on
creafnine’s concentration In urine and zerum or plazma, and wing Now
rate. For thia test a precisaly Bmed urine codlection [uzualy 24 hourz) and a
tlood 2ample are needed. However, zince thiz tezt iz prone bo emor due to
e Inconvenient collection of Bmed urne, mahemancal afiempes o
estimate GFA bazad only on the crealinine concemralion In 2erum or

he rezuliz of the MOFRD sl While fhe firel eguation wa2 dervwed from cata
obfained with the conventional Jafé method, a newer werslon of e sacond
Iz uzable for IDMS-traceable creatnine methods. Both are appllcable for
amuts. Inchildren, the Bedsice Sohwartz formuta should be used 2752

In addion fo the diagnostz and treatment of renal dieease, the moniioring
of renal dlalyziz, creafnine MEASUrEMEents are 2ed for e calculaton of
the tractional excrefon of other uring analyles (2. g., albumin, s-amyiase).
Mumenous methods wers described Sor detlemmining oreatnine. Autsmated
asgays established In e routing laboratory Include T2 Jafté alkaline
plcrate methed In wariouz modfications, as well a2 enzymaiic testz.

Test Fimiwlnll.ll

Thiz kinetic colorimetric azzay |2 bazed onthe Jafié method in alksline
solution, Crestnine fomms a yelow-orangs compley with picrate. The rate of
dye formation k2 proportional 1o the crealinine concendration In e
soecimen. The azaay uzes “ate-blanking” o minimkze intsference by
nilinutin. To comest for non-spedifc reacion caused by serumiplazma
peeudo-creatinine chromogenz, Including profeins and kelonez, the rezuliz
Tor Senum of pisama ane comecsed by 26 pmolL (<003 mgfdL)

Alcaiine pH

Creafinine + picricacld — & yellow-orange complex

Aeagents - working solutions

A1 Potsezium pdroxide: GO0 mmollL; phoephaie; 135 mmodl;
pH = 13.5; presenvative; stabllzer

A3 Picric ackd 38 mmol'l, pH 6.5 non neactive bufler

[STAT Rz2)
A1 2 In poettion B and A3 {STAT K2} k2 In poshion C.

Precautions and waimings

For In v dagnostic uze.

Exercizs e normesl precautions requirsd for hanaing ail Eborstany
reagents.

Dizposal of all washe matenal should De In acconiancs with local guidelines.
Safety Gain sheet avalable for professional user on request.

For USA- For prescription uze only.
Thiz ki contains componentz ciazeiied az follows In accondance with the
Regulation [EC) Mo, 12722006:

201507, W 17.0 Emglizh
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Appendix __4: Roche Diagnostics. Cobas package insert CREP2 2016-02: 8.0
CREP2 ‘
cobas
Creatinine plus wer2
Order information
FiEF [CanTenT] Analyzerfs) on which cobas & pack(z) can be used
D516E569 190 Creatinine piusz ver 2 600 fests Syatem-ID 05 6612 7 AocheHkachi cobaa ¢ 701702
1075%350 190 | Callorafor tas. (12 x 3mi) Cooe 401
1075%350 360 | Callorafor ta.g. (12 x 3 mi for USA) Cooe 01
12149435 122 | Precinorm U plus (10 x 3 mL) Code 300
12149435 160 Precinam U plus (10 X 3 mL, far USA} Code 300
12149443 122 | Precipah U piez (10 % 3 mL) Code 30
12149443 160 | Precipam U piez (10 x 3 mL, for USA) Code 301
10171743 122 Precinam U (20 x5 mL] Code 300
0171778 122 | Predpah U {20 5mL} Code 501
031313 122 | Predinom PUC (4 13 mL) Code 240
0312129 122 | Predpah PUC (423 mL) Coge 241
05117003 120 PreciContnol CInChem Mulil 1 (20 x5 mL:I Code 381
05547626 190 | PreciContml CInChem Mult 1 (4 25 mL) Cooe 381
I5%7E26 160 | PrediCaomtml CInChem Multl 1 (4 x SmL, USA) Coge 381
05117216 120 PreciContnal CInChem Mulll 2 (20 x5 mL;| Code 382
05547774 190 | PreciControl CinChem Mulil 2 (4 x 5 mL) Cooe 382
05547774 160 | PrediCaomtml CInChem Multl 2 (4 x SmL, USA} Cooe 382
05172152 190 | Diluent MaCl @ % (118 mL} Syatem-1D 08 853 3
English Test principie

&d |7

System infommation
CREAZ ACH 8452 (2erum and plazma)
CRE2U: ACH 8152 (uring}

Intenided use

In viire szzay for the quantitative delerminafion of creatinine In human
senum, plazma and urine on Roche/Hitach] cobas ¢ syztems.
sunmm'y”-“-‘

Chionic Mdney dizesse bz a worldwide protdem that camies a substantial
nzk for cardiovascular mordidiy and death. Cumrent guicsiines dedine
e kkdney disease a2 kidney dameage o glomerular Shrason rake (GFR)
lezz than 60 mLmin per 1.73 m* for three months or more, regardiess of
CAUBE.

e azzay of creatining In S&mum ar |:\|a.'an'a 2 the moat I:Hﬂﬂ'l:ﬂl:f uzed test
1o azsest renal luncilon. Creafining k2 a8 break-down of creatine
phozphete In miscle, and Iz uusily produced 8t a talily constant rafe by
the body [deending on muzcie mazs). | i fresly fitered by the glomerul
and, under niormal congitons, ke not re-abeoeed by Me MeSules 1 any
apprEcisnie Ecfent. A 2mal bt Significant amount 12 Al acthvely sacTeted.

Since a rize In biood creafining |z obaerved only wih marked damage of the
neparons, It |5 not sulted 1o detect earty stage kidney disease. A
Conekderably more 2enzithee 18t and better extimation of giomenuiar
fitration rafe (GFR] Iz ghven by the creatinine clesrance fest based on
creafinine’z conceniration In urine and sesum or plaama, and uwine fow
rate. For thiz teat @ precissty imed unne collection (uzusly 24 hourz) and =
tlood 2ample are needed. However, zince thiz teaf |2 prone to emor due to
‘the Inconvenient collection of Smed unine, mathematical atiemptz o
estimate GFA bazad only on the crealining concentralion In 2emum or
plaEma have been made. Among he vanous zuggecied, hwo
have found wide recognition: Tat of Cockmodt and Gaut and that based on
the rezulfiz of the MDRD fal. ‘While the first equation was derved from dats
obtained with the conventional Jaffé method, 2 newer wersion of the sscond
Iz wzabie for IDMS-traceadle crealinine methods. Bom ane applkeable for
aguitz. In children, the Bedsicde Sohwartz fomula ke used 2758

In addifion fo the diagnosle and freatment of renal disease, the monftaring
of renal diatyziz, creafnine meazurements are we2ed for he calculaton of
the tractional excretion of other urine anaiftes (2 g., albumin, o-amylase).
Humerous methods were deacribed for defermining creatinine. Auomaied
azEays extablizhed In S routine laborafory Include e Jafié alkaline
picrate method In warouz modfcations, 82 well 82 enzymatic fegts.

Thiz enzymasic mehod ls based on the conversion of creatinine with he akd
of crestininass, Crealnazs, and arosne udazs 1o glycine, lomaldshyde
and Fiydrogen permide. Catalyzed by pemaidase the Iberated hydrogen
peroxics react W 4-aminophenazane and HTIE= 1o form & quinené Imine
chmmogen. The color Inferstty of the quinone Imine chromagen fomed iz
direcity praporional 1o the craatinine concentration In the rescion mbhure.

3 DA vk rpdn mbeEet wE

cwainirase
CTEATNINE + HLO — greating
oEEmiE
oreatne + HD —— garcosne + Urea

gamosing + 0, + H.0 — % piycine + HOHO + HO,

—= guinone Imine chromogen +
H.0 +HI

H- ), + 4-aminognenazons +
HTIE*

) 24 Briode- S-rpdmayseTIse ak
Creafine of the zample k2 desiroyed by crestinaze, SO0 and catalaze
during Incubation In /.

Reagents - working solutions

A1 TAPS buffer

[N-T e hyeroxymethyljmetyi-3-aminspropanezuifonic ackd):
30 mmol'L, pH 8.1; creatinaze {microorganiems): = 332 pat’l;
zamasing oidase [microonganizms): = 132 piatl; ascomate
oxidase (microonganizme): = 33 pkatl; catalss
[microonganizme): = 1,67 pkat'L; HTIB: 1.2 g/L; defergentz;
prezenvative

TAPS buffer: 50 mmnol'L, pH B.C; creatininase
[microonganizme): = 488 pkat'L penodiase |horseradizh):

= 16.6 pkat’L; +-aminophenazone: 0.5 g/L; potessium
hexacyznafemats (i): 60 mgiL; detergent; prezervathe

A1 E2 In pesition B and A3 k2 In peeltion .

2016-02, V 8.0 Engllzh
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Appendix 5. Chemistry China Basin. I-STAT Creatinine. UCSF Clinical Labs

i-STAT Creatinine

Chemistry China Basin

Creatinine is measured amperometrically. Creatinine iz hydrolyzed to creating in a
reaction catalyzed by the enzyme creatinine amidohydrolaze. Creating iz then
hydrolyzed to sarcosing in a reaction catalyzed by the enzyme creatine
amidinohydrolase. The oxidation of sarcosine, catalyzed by the enzyme sarcosine
oxidase, produces hydrogen peroxide (H20Z). The liberated hydrogen peroxide is
oxidized at the platinum electrode to produce a current which iz proportional to the
sample creatinine concantration.

Crealining Amicohpdelne

Lraatining + H,O - Loreating

. {oracsi e & icinoh ywoiodass
Craatine + H O Sarcosing + LUesa

. B el T ke
Sarcosing + 0, + HO g Ghycing = Formaldehyde « HO

HO,— w0, +2H 428"

See below for information on factors affecting results. Certain substances, such as
drugs, may affect analyte levels in wivo.1

If results appear inconsistent with the clinical assessment, the patient sample should be
retested using another cartridge.

INTENDED USE

The test for creatinine, as part of the i-STAT System, is intended for use in the in witro
quanfification of creatinine in arterial, venous, or capillary whole blood.

Contents

Each i-3TAT cartridge contains one reference electrode (when potentiometric sensors
are included in the carridge configuration), sensors for the measurement of specific
analytes, and a buffered aqueous calibrant solution that containg known concentrations
of analytes and preservatives. For cartridges that contain a sensor for the measuremeant
of creatinine, a list of reactive ingredients is indicated below:

Reactive Ingredient Biological Source
Creatinine N/A
Creatine Amidinohydrolase | Actinobecillus sp
Creatinine Amidohydrolase Microhdal
Sarcosing Oxldase Microbidal
UCSF Climical Laks Page 1 ol & ProotiSTAT/ reat.
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of serum creatinine as a baseline measure of renal function before antiretroviral

treatment

Yours sincerely

a3 e cnn

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences



7.4. Appendix 4: Ethics clearance certificate

72



UNIVERSITY OF THE
WITWATERSRAND, &
JOHANNESBURG

é HUMAN RESEARCH ETHICS
' COMMITTEE (MEDICAL)

TO:

CcC:

FROM:

DATE:

REF:

Office of the Deputy Vice-Chancellor (Research & Post Graduate Affairs)

Dr CE Chikomba

School of Pathology

Department of Chemical Pathology
Medical School

University

E-mail: drcheme@gmail.com

Supervisor: Dr DM Tanyanyiwa <Donald. Tanyanyiwa@wits.ac.za>

and <HREC-Medical. ResearchOffice@wits.ac.za>

lain Burns
Human Research Ethics Committee (Medical)
Tel: 011 717 1252

E-mail: lain.Burns@wits.ac.za

07/05/2018

R14/49

PROTOCOL NO: M1711109 (This is your ethics application study reference number. Please

quote this reference number in all correspondence relating to this study)

PROJECT TITLE: Evaluation of the diagnostic performance of serum

creatine as a baseline measure of renal function
before antiretroviral (ARV) treatment

Please find attached the Clearance Certificate for the above project. | hope it goes well and
that an article in a recognized publication comes out of it. This will reflect well on your
professional standing and contribute to the Government funding of the University.

Works2000/1ain0007/Clearscan.wps




R14/49 Dr CE Chikomba

=

LINIVERSITY OF TELY
M WWAT EIRSIANIDY
JEOFLANMNES BUIRG

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M1711109

NAME:
(Principal Investigator)

DEPARTMENT:

PROJECT TITLE:

DATE CONSIDERED:
DECISION:

CONDITIONS:

SUPERVISOR:

APPROVED BY:

DATE OF APPROVAL.:

This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

Dr CE Chikomba

School of Pathology

Department of Chemical Pathology
Medical School

University

Evaluation of the diagnostic performance of serum
creatine as a baseline measure of renal function
before antiretroviral (ARV) treatment

24/11/2017

Approved unconditionally

7 af

Professor CB Penny, Chairpérson, HREC (Medical)
07/05/2018 .

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office Secretary on 3rd floor, Phillip V Tobias

Building, Parktown, University of the Witwatersrand, Johannesburg.

I/We fully understand the conditions under which | am/we are authorised to carry out the above-mentioned research and l/we
undertake to ensure compliance with these conditions. Should any departure be contemplated from the research protocol as
approved, l/we undertake to resubmit to the Committee. | agree to submit a yearly progress report. The date for annual re-
certification will be one year after the date of convened meeting where the study was initially reviewed. In this case, the study
was initially reviewed in November and will therefore be due in the month of November each year. Unreported changes to

the application may invalidate the clearance given by the HREC (Medical).

Principal Investigator Signature

Date

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES



7.5. Appendix 5: Turnitin Report

74



a0015586:Mmed_for Report CP_edits.docx

ORIGINALITY REPORT

0. 11% 3w 2

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

sajhivmed.org.za 60
Internet Source /0

mafiadoc.com 1 o
0

Internet Source

)

Martina Becker. "Automated flow cytometric cell 1 0
count and differentiation of canine cerebrospinal °
fluid cells using the ADVIA 2120", Veterinary
Clinical Pathology, 09/2008

Publication

Exclude quotes On Exclude matches <1%

Exclude bibliography On

| hereby verify that | have seen the above turn-it-in reportand the percentage similarity of 9% is
acceptable.

Dr. C Padoa Jﬂéﬁbﬁ\/
22/09/2020 ==



	Final Report 18 September 2020.pdf
	Declaration
	Abstract
	Acknowledgements
	Publications emanating from this MMed research project
	Notes on the research submission
	Table of Contents
	List of Tables
	List of Figures
	List of abbreviations
	1. Introduction
	2. Methods
	2.1.   Study population
	2.2.   Sample collection and processing
	2.3.   Measurement of creatinine concentrations
	2.4.   Estimated glomerular filtration rate measurements
	2.5.   Statistical analysis
	2.6.  Ethical consideration

	3. Results
	3.1.  Characteristics of the study population
	3.2.  Creatinine assay performance
	3.3. Method comparison
	3.4. Comparison of estimated glomerular filtration rate equation performance

	4. Discussion
	4.1. Strengths and limitations of the study

	5. Conclusion
	6.  References
	7. Appendices
	7.1. Appendix 1:  Published article
	7.2. Appendix 2: Research protocol
	7.3. Appendix 3: Approval of title change
	7.4. Appendix 4: Ethics clearance certificate
	7.5. Appendix 5: Turnitin Report


	Zvaringana - Copy.pdf
	1-Final Report.pdf
	7. Appendices
	7.1. Appendix 1:  Published article
	7.2. Appendix 2: Research protocol
	7.3. Appendix 3: Approval of title change
	7.4. Appendix 4: Ethics clearance certificate
	7.5. Appendix 5: Turnitin Report


	2-Evaluation_of_the_impact_of_delayed_centrifugation (3).pdf
	_Hlk34771471
	_Hlk34771769
	_Hlk34772173
	_Hlk36541872
	_Hlk34772739
	_Hlk34773617
	_Hlk34774183
	_Hlk34774849
	_Hlk34774901
	_Hlk34775494
	_Hlk34775672
	_Hlk34775856
	_Hlk34775971

	3-Protocol Submission december.pdf
	4-title change.pdf
	5-ethics clearance.pdf
	6-Turn it in report_Cheme.pdf




