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Abstract

Objectives: The prevalence of chronic kidney disease is
rising rapidly in low- and middle-income countries. Serum
creatinine and estimation of glomerular filtration rate
(GFR) are critical diagnostic tools, yet access to centralised
laboratory services remains limited in primary care
resource-limited settings. The aim of this study was to
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evaluate point-of-care (POC) technologies for serum
creatinine measurement and to compare their performance
to a gold standard measurement using iohexol measured
GFR (mGFR).

Methods: POC creatinine was measured using iSTAT® and
StatSensor® devices in capillary and venous whole blood,
and laboratory creatinine was measured using the
compensated kinetic Jaffe method in 670 participants from a
rural area in South Africa. GFR estimating equations Chronic
Kidney Disease Epidemiology Collaboration and Modifica-
tion of Diet in Renal Disease (CKD-EPI and MDRD) for POC
and laboratory creatinine were compared to iohexol mGFR.
Results: Calculated GFR for laboratory and POC creati-
nine measurements overestimated GFR (positive bias of
1.9-34.1 mL/min/1.73 m?. However, all POC devices had
less positive bias than the laboratory Jaffe method
(1.9-14.7 vs. 34.1 for MDRD, and 8.4-19.9 vs. 28.6 for
CKD-EPI). Accuracy within 30% of mGFR ranged from
0.56 to 0.72 for POC devices and from 0.36 to 0.43 for the
laboratory Jaffe method. POC devices showed wider
imprecision with coefficients of variation ranging from 4.6
to 10.2% compared to 3.5% for the laboratory Jaffe
method.

Conclusions: POC estimated GFR (eGFR) showed improved
performance over laboratory Jaffe eGFR, however POC de-
vices suffered from imprecision and large bias. The labora-
tory Jaffe method performed poorly, highlighting the need
for laboratories to move to enzymatic methods to measure
creatinine.

Keywords: chronic kidney disease; creatinine; eGFR;
iohexol mGFR; low- and middle-income countries (LMICs);
point-of-care.

Introduction

Chronic kidney disease (CKD) has a prevalence of 10.7% in
sub-Saharan Africa, and is associated with significant

3 OpenAccess. © 2021 Sean Currin et al., published by De Gruyter. Thisworkis licensed under the Creative Commons Attribution 4.0 International
License.
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morbidity and mortality [1]. Low- and middle-income
countries (LMIC) suffer a disproportionate mortality asso-
ciated with CKD when compared to high-income countries
[2]. Therefore, screening strategies that aim to identify
patients with early stages of CKD in primary care settings
and ideally, prevent progression of CKD, are of profound
importance.

Glomerular filtration rate (GFR) is considered the best
overall index of kidney function and is an important cri-
terion in the diagnosis and staging of CKD [3]. GFR cannot
be quantitated directly. However, it can be assessed by the
measurement of exogenous (inulin, Cr-EDTA, iohexol,
iothalamate) or endogenous markers [4]. Exogenous
markers are impractical for routine clinical use due to their
limited access, high cost and duration of time required for
testing. Estimated GFR (eGFR) equations based on endog-
enous markers and additional factors, such as age and sex,
are recommended for the routine assessment of kidney
function [3]. The creatinine based Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) and Modification of
Diet in Renal Disease (MDRD) equations are the most
commonly used [5]. The 2009 CKD-EPI creatinine equation
is recommended for use in adults [3].

In resource-limited settings a lack of access to central
laboratory services hinders the ability to implement effec-
tive CKD screening programs. Even when central labora-
tory services are available, logistical factors in primary
health care clinics can impact the accuracy of creatinine
measurements, such as sub-optimal storage of collected
samples and delays in transport to the central laboratory
[6]. Point-of-care (POC) testing offers an important solution
to this problem by offering access to actionable results in
real-time for clinical decision making [7]. While the 2012
KDIGO guidelines recognise that limited laboratory access
is a problem, they fall short of recommending POC testing
in such settings [8].

The aim of our study was to evaluate the performance
of POC creatinine by comparing eGFR equations to iohexol
measured GFR (mGFR), and to compare this performance
with that of laboratory eGFR. Additionally, we looked at the
performance of the MDRD and CKD-EPI equations for these
different creatinine measurements.

Materials and methods

Our study formed part of the African Research on Kidney (ARK) study,
which aimed to determine the population prevalence of CKD and
associated risk factors in three sub-Saharan African countries, Malawi,
South Africa, and Uganda. Detailed methods for the ARK study have
been published [9]. The South African component was conducted in
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the Agincourt Health and Demographic Surveillance Site in Bush-
buckridge, a rural sub-district of the Mpumalanga province in South
Africa.

Participants from the community were invited to participate in
this second phase of the study, to measure GFR using intravenous
iohexol. The initial study comprised a population-based sample of
2021 adults aged 20-80 years to determine CKD prevalence and
investigate associated risk factors. For the iohexol study, we stratified
a subsample of the main study by sex and eGFR to ensure adequate
sampling across all stages of CKD.

Measured GFR was determined by plasma excretion of iohexol. A
5 mL bolus of intravenous iohexol (Omnipaque™, GE Healthcare,
Illinois) was administered in the antecubital fossa of one arm, fol-
lowed by repeat plasma sampling from the antecubital fossa of the
contralateral arm after 5, 120, 180 and 240 min. Prior to iohexol
administration a baseline venous blood sample was obtained, which
was used for real-time testing with the iSTAT® (Abbott Laboratories,
Ilinois) and StatSensor® (Nova Biomedical Corporation, Massachu-
setts) POC devices. At the same time, a capillary blood sample taken
from a fingerprick was also analysed on the StatSensor® POC device.
There were no adverse events related to the intravenous administra-
tion of iohexol.

On the day of iohexol testing, for each participant, samples for
creatinine and iohexol were refrigerated (2—8 °C) until all participants
for the day had been processed (usually by 3 pm), after which all
samples were centrifuged at 2,000 g for 10 min. Samples were stored
and transported at —80 °C to a central laboratory for iohexol and
laboratory creatinine measurements.

Plasma concentrations of iohexol were determined using ultra-
performance liquid chromatography with tandem mass spectrometry
using a published method [10] in an ISO 15189 accredited laboratory
which participates in the EQUALIS external quality assurance pro-
gramme for iohexol (Uppsala, Sweden). The calibration curve and
internal standard were determined with certified reference materials
for iohexol (CRM: USP HO0J211) and ioversol (CRM: USP 34510F),
respectively. Internal quality control was prepared using the iohexol
certified reference material and EQUALIS samples were included in
every run as an additional quality check. The slope-intercept method
using the 120, 180 and 240 time points (during the second exponential
phase of iohexol elimination) was used to calculate mGFR by plotting
iohexol concentration against time [11]. mGFR results were then cor-
rected for body surface area [12].

Laboratory creatinine was determined in a central laboratory
using an isotope dilution mass spectrometry (IDMS) traceable
compensated kinetic Jaffe method (Cobas c500®, Roche Diagnostics,
Mannheim). POC creatinine was measured at the time of collection in
venous whole blood on the iSTAT® and in venous whole blood and
capillary blood on the StatSensor®, both POC devices make use of an
enzymatic amperometric method with an enzyme cascade reaction.
Laboratory creatinine was monitored with internal and external
quality control schemes, while POC creatinine was monitored with
internal quality control. Inter-day coefficients of variation (CV)s were
determined by assessing the variation in quality control materials over
the period of the study.

Statistical analysis was performed using Tibco Statistica®
(version 13.5.0.17, United States) and MedCalc® (version 19.2.1,
Belgium). POC creatinine was compared to laboratory creatinine using
Passing—Bablok regression and Bland—-Altman agreement. eGFR was
calculated according to the IDMS-traceable MDRD equation and the
2009 CKD-EPI equation. All subsequent eGFR results are presented
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without the African-American coefficient applied, based on prior
studies [13, 14] demonstrating that inclusion of the coefficient over-
estimates GFR in sub-Saharan Africans. eGFR was compared to mGFR
with Passing—Bablok regression, Spearman rank correlation coeffi-
cient (r) and Lin’s concordance correlation coefficient were deter-
mined. Bias was defined as the median of individual differences
between eGFR and mGFR, while imprecision was defined as the
interquartile range (IQR) of the differences between eGFR and mGFR.
Outliers were excluded if their residuals lay outside of 2.5 standard
deviations on initial Passing—Bablok regression [15, 16]. Accuracy
within 30% of mGFR (P30) was calculated. The ability of the eGFR
equations to correctly classify mGFR: <60, 60-89, and 290 mL/min/
1.73 m? (corresponding to KDIGO GFR categories for CKD of G3-5, G2
and Gl, respectively) was calculated. Differences between the labo-
ratory and POC devices were tested using the exact McNemar test.
Results were considered statistically significant if p<0.05.

Repeat analysis with laboratory Jaffe creatinine adjusted by a
factor of +9.0 pmol/L was performed (Supplementary Table S1). This
adjustment was based on an inter-site calibration study performed
within the larger ARK study comparing laboratory Jaffe creatinine
methodology performed in South Africa and Malawi with an enzy-
matic laboratory creatinine method in Uganda.

Results
Study population

Figure 1 depicts the flow of participants through the study.
All participants were Black African adults with a broad
spectrum of kidney function. eGFR equations for laboratory
and POC creatinine overestimated GFR when compared to
mGFR, except in the 290 mL/min/1.73 m* group where a
mixed picture was seen (Table 1). Mean POC eGFRs showed
less overestimation compared to mGFR than the mean lab-
oratory eGFRs.

Currin et al.: POC eGFRvs. mnGFR =— 3

POC vs. laboratory creatinine

All three POC creatinine devices showed positive bias
compared to laboratory creatinine with Bland-Altman
agreements of 17.4 + 15.3, 9.4 + 6.3, and 15.1 + 13.0 pmol/L
for StatSensor® capillary, iSTAT®, and StatSensor® venous
respectively. Passing—Bablok regression analysis yielded
proportional errors (slope) of: 1.45 (95% ClI: 1.33-1.57), 1.16
(95% CI: 1.13-1.20), and 1.17 (95% CI: 1.03-1.33); constant
errors (y-intercept) of: -7.68 (95% CI: —14.43 to —1.33), 0.16
(95% CI: —2.20 to 2.13), and 6.50 (95% CI: —-2.33 to 14.58);
and Spearman rank correlation coefficients (r) of: 0.57
(95% CI: 0.52-0.62) (p<0.0001), 0.92 (95% CI: 0.91-0.93)
(p<0.0001), and 0.65 (95% CI: 0.57-0.72) (p<0.0001) for
StatSensor® capillary, iSTAT®, and StatSensor® venous
respectively (Figure 2).

eGFR (using POC creatinine and laboratory
creatinine) vs. mGFR

Passing—Bablok regression demonstrated that all eGFR
equations using POC and laboratory creatinine measure-
ments suffered from proportional and constant error when
compared to mGFR. The largest constant error was seen in
laboratory creatinine eGFR using the CKD-EPI equation
whilst the smallest constant error was seen in StatSensor®
capillary creatinine eGFR using the MDRD equation
(y-intercept: 62.76 vs. 3.91). StatSensor® capillary creati-
nine eGFR using the MDRD equation showed the least
proportional error, while laboratory creatinine eGFR using
the CKD-EPI equation showed the most proportional error
(slope: 1.01vs. 0.59). MDRD eGFR showed less proportional

ARK Phase 2 ARK Phase 2 ARK Phase 2
StatSensor® capillar iSTAT © StatSensor® venous
n=729 n=724 n=225
lohexol mGFR not
available for all POC
measurements
StatSensor® capillary iSTAT® StatSensor® venous
+iohexol mGFR + iohexol mGFR +iohexol mGFR
n= 699 n=695 n=216
Excluded n=292
StatSensor® capillary n=29
iSTAT® n=28
StatSensor® venous n=2
Figure 1: Participant flow through study.
StatSensor® capillary iSTAT® StatSensor® venous ®Outliers excluded on initial Passing-
+iohexol mGFR +iohexol mGFR +iohexol mGFR Bablok comparison between mGFR and POC
n-670 n= 667 n-214 eGFR, excluded based on residuals >2.5 SD.
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Table 1: Characteristics according to mGFR.

Characteristic mGFR (categorised by GFR CKD stage)®

All <60 (G3-5) 60-89 (G2) >90 (G1)

n, % 674 134 (20) 286 (42) 254 (38)
Age, years 43 (14) 50 (14) 46 (14) 37 (11)
BMI, kg/m2 28.6 (6.4) 28.9 (5.9) 29.7 (6.6) 27.2(6.2)
Body surface area, m? 1.91 (0.23) 1.90 (0.22) 1.94 (0.24) 1.87 (0.22)
Male, n, % 211 (31) 38 (28) 81 (28) 92 (36)
mGFR? 81 (24) 47 (10) 76 (8) 105 (13)
Laboratory eGFR (MDRD)? 116 (27) 98 (26) 112 (22) 129 (25)
Laboratory eGFR (CKD-EPI)® 111 (17) 98 (21) 109 (14) 120 (11)
StatSensor capillary eGFR (MDRD)? 87 (26) 72(19) 85 (24) 97 (28)
StatSensor capillary eGFR (CKD-EPI)? 93 (21) 79 (20) 91 (20) 102 (19)
iSTAT eGFR (MDRD)? 97 (23) 83 (22) 94 (20) 108 (22)
iSTAT eGFR (CKD-EPI)? 102 (19) 89 (22) 100 (17) 112 (13)
StatSensor venous eGFR (MDRD)? 85 (21)° 71 7) 84 (19) 93 (21)°
StatSensor venous eGFR (CKD-EPI)? 92 (19)° 77 (32)~f 90 (16)? 101 (17)°

All data mean (SD) unless otherwise indicated. ®In mL/min/1.73 m%; °n=214; ‘n=31; ‘n=97; ®n=86; ‘median (interquartile range). All eGFR

equations exclude the African-American coefficient.

and constant error than the CKD-EPI eGFR for all POC and
laboratory creatinine measurements. All POC creatinine
eGFR measurements, except for iSTAT® MDRD, showed
less proportional and constant error than the respective
laboratory creatinine eGFR equations. Additionally, Lin’s
concordance correlation coefficient showed improved ac-
curacy for the POC eGFR measurements over the respective
laboratory eGFR equations (Table 2, Figures 3 and 4).

Bias and precision

All calculated eGFR equations by POC creatinine or labo-
ratory creatinine measurements showed positive bias
compared to mGFR when looking at the all mGFR values
category. Less bias was observed for the MDRD equation
compared to the CKD-EPI equation for all POC creatinine
measurements, except in the mGFR >90 mL/min/1.73 m?
group where a mixed picture was seen. The observed biases
for POC MDRD eGFR ranged from 1.9 + 33.5 to
14.7 + 32.0 mL/min/1.73 m? and for POC CKD-EPI eGFR
from 8.4 + 31.0 t0 19.9 + 28.5 mL/min/1.73 m* when looking
at the all mGFR values category. For each calculated eGFR
equation, the largest bias was observed with laboratory
creatinine with all POC devices yielding less bias than the
laboratory (Table 3).

Inter-day CVs varied for the different creatinine
measuring devices, the iSTAT® had a CV 0of 5.9% at a level of
88 pmol/L, the two StatSensor devices had CVs of 7.4 and

10.2% at 84 pumol/L and CVs of 4.6 and 5.5% at 530 pmol/L,
while the laboratory Jaffe assay had a CV of 3.5% at both
levels of 89.3 and 342 pmol/L. When looking at IQRs, the
MDRD equation showed less imprecision ata mGFR <60 mL/
min/1.73 m? for all POC measurements, at mGFR =60 mL/
min/1.73 m? the CKD-EPI equation showed the least impre-
cision. However, for laboratory eGFR the CKD-EPI equation
showed less imprecision across all mGFR categories. When
comparing POC eGFR imprecision to that of laboratory eGFR
a mixed picture was seen, all methods suffered from
imprecision; when the CKD-EPI equation was utilized the
laboratory showed the least imprecision, however when the
MDRD equation was utilized POC (generally the iSTAT de-
vice) showed the least imprecision. Capillary sampling with
the StatSensor device showed the highest levels of impre-
cision except in the mGFR <60 mL/min/1.73 m? category
(Table 3).

Accuracy

Overall, the P30 for the POC and laboratory creatinine eGFR
equations ranged from 36 to 72%. All P30s showed
improved accuracy with increasing mGFR. Below 90 mL/
min/1.73 m? the MDRD eGFR showed greater accuracy
(higher P30s) than the CKD-EPI eGFR in all POC and lab-
oratory creatinine measurements, above 90 mL/min/
1.73 m?® the CKD-EPI eGFR showed greater accuracy. In the
different mGFR groups, POC P30s continued to show
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Table 2: Analytical comparison of POC and laboratory eGFR equations compared to mGFR.
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Figure 2: POC vs. laboratory creatinine.
Bland-Altman agreement charts of: (A) the
StatSensor® capillary creatinine (umol/L),
(C) iSTAT® creatinine (umol/L), and (E)
StatSensor® venous creatinine (umol/L)
compared to laboratory creatinine (umol/L).
Passing—Bablok regression comparing: (B)
StatSensor® capillary creatinine, (D) iSTAT®
creatinine, and (F) StatSensor® venous
creatinine to laboratory creatinine.

Passing—Bablok regression

Lin’s concordance

correlation coefficient?

Slope/proportional error*  y-intercept/constant error® r°  p-value
Laboratory eGFR 1.16 (1.05-1.27) 20.47 (10.94-29.23) 0.44 (0.38-0.50)  <0.0001 0.25(0.21-0.29)
(MDRD)
Laboratory eGFR 0.59 (0.53-0.65) 62.76 (57.60-67.88) 0.50 (0.45-0.56)  <0.0001 0.24(0.21-0.28)
(CKD-EPI)
StatSensor capillary 1.01 (0.89-1.14) 3.91 (-6.10 to 12.04) 0.34(0.27-0.41)  <0.0001 0.35(0.28-0.41)
eGFR (MDRD)
StatSensor capillary 0.88 (0.79-0.98) 22.38(13.77-30.18) 0.40 (0.33-0.46)  <0.0001 0.37 (0.31-0.42)
eGFR (CKD-EPI)
iSTAT eGFR 0.92 (0.84-1.01) 21.35(13.35-28.75) 0.45(0.39-0.51)  <0.0001 0.40 (0.35-0.45)
(MDRD)
iSTAT eGFR 0.70 (0.64-0.77) 45.18 (38.90-50.84) 0.49 (0.43-0.54)  <0.0001 0.34(0.29-0.38)
(CKD-EPI)
StatSensor venous 0.90 (0.74-1.08) 10.24 (-4.41t0 22.10)  0.37 (0.25-0.48)  <0.0001 0.42 (0.31-0.53)
eGFR (MDRD)
StatSensor venous 0.84 (0.70-1.00) 22.10(8.33-33.73) 0.45 (0.33-0.55)  <0.0001 0.47 (0.37-0.56)

eGFR (CKD-EPI)

Slope (95% confidence interval); by—intercept (95% confidence interval); “Spearman rank correlation coefficient (95% confidence interval);
dLin’s concordance correlation coefficient (95% confidence interval). All eGFR equations exclude the African-American coefficient.
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Figure 3: MDRD eGFR (without the African-American coefficient) vs. iohexol mGFR. Bland-Altman agreement charts of: (A) Laboratory MDRD
eGFR, (C) StatSensor® capillary MDRD eGFR, (E) iSTAT® MDRD eGFR, and (G) StatSensor® venous MDRD eGFR compared to iohexol mGFR.
Passing—Bablok regression comparing: (B) Laboratory MDRD eGFR, (D) StatSensor® capillary MDRD eGFR, (F) iSTAT® MDRD eGFR, and (H)

StatSensor® venous MDRD eGFR compared to iohexol mGFR.
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improved accuracy compared to laboratory P30s (Table 3).
When serum creatinine was adjusted by a factor of
+9.0 pmol/L improved P30s ranging from 62 to 71% were
seen. Additional analysis using the revised Lund—Malmé
equation yielded P30s ranging from 58 to 80% with
improvement noted for POC devices and laboratory results
(Supplementary Table S1).

The percentage of total samples correctly classified
into the eGFR groups of <60, 60—-89 and >90 mL/min/
1.73 m? ranged from 41.7% (95% CI: 38.0-45.6) to 52.8%
(95% CI: 45.9-59.7). The POC creatinine eGFR equations
correctly classified more samples into the correct eGFR
groups than the respective laboratory creatinine equations,
although the laboratory equations showed improved per-
formance in the mGFR >90 mL/min/1.73 m? group. Below
90 mL/min/1.73 m’ the MDRD equation correctly classified
more samples than the CKD-EPI equation, above 90 mL/
min/1.73 m’ the CKD-EPI equation correctly classified more
samples (Table 4).

Discussion

In this study we used iohexol mGFR to evaluate the clinical
utility of the iSTAT® and StatSensor® POC devices that mea-
sure creatinine and subsequently estimate kidney function
using eGFR. Additionally, we evaluated the performance of
the MDRD and CKD-EPI equations and compared the per-
formance of the POC devices to that of laboratory Jaffe
creatinine. Despite falling well short of the 90% of eGFRs
within 30% of mGFR goal [17], POC eGFR showed improved
accuracy compared to laboratory Jaffe eGFR when screening

Currin et al.: POC eGFR vs. mGFR =—— 9

for CKD in a resource-limited setting. All current eGFR esti-
mating equations performed poorly in our study sample.

A number of studies [18-21] have shown the utility of
the iSTAT® and StatSensor® POC devices for the diagnosis
of acute kidney injury. Our study showed more bias
compared to laboratory creatinine than these studies
possibly due to differences in laboratory creatinine
methods. Studies with less bias [18-21] used the enzymatic
method while studies which used the IDMS-traceable Jaffe
method, including our own, showed more bias [22]. We
found the iSTAT® device showed less imprecision than the
StatSensor® device, consistent with previous studies
[18, 19].

Comparison of POC eGFR to iohexol mGFR showed
greater bias and inaccuracy than a previous study [23] from
Belgium, which found a bias of 0.1 + 17.6 mL/min/1.73 m?
with a P30 of 81% for StatSensor® capillary eGFR
(CKD-EPI). Our P30 values for POC devices were low, and
varied across the range of GFR, with the worst performance
at low GFR. Bukabau et al. [13] reported a similarly low P30
of 31.3% in an African population with mGFR <60 mL/min/
1.73 m? for the MDRD and CKD-EPI equations, with a lab-
oratory enzymatic creatinine method.

It has been shown that serum creatinine suffers from
significant positive bias when there is a delay in sample
separation of 24 h, this is true for Jaffe but not enzymatic
methods [6, 24]. In our study POC creatinine measurements
were performed in real-time, while laboratory creatinine
measurements were performed on samples with a
maximum delayed separation of between 8 and 9 h utilis-
ing an IDMS-traceable Jaffe method. This delay is not ex-
pected to have significantly influenced results, although if

Table 4: Percentage of samples correctly classified into mGFR groups <60, 60-89 and >90.

mGFR <60° (G3-5)

mGFR 60-89° (G2)

mGFR >90° (G1) Total correctly classified®

Laboratory eGFR (MDRD)
Laboratory eGFR (CKD-EPI)
StatSensor capillary eGFR (MVDRD)

8.2 (4.2-14.2)
7.5(3.6-13.3)
24.6 (17.6-32.8)

14.7 (10.8-19.4)
7.0 (4.3-10.6)
48.4 (42.5-54.4)

95.6 (92.3-97.8)
99.2(97.2-99.9)
52.0 (45.6-58.3)

43.8 (40.0-47.7)
41.7 (38.0-45.6)
45.0 (41.2-48.9)

p‘—“l <0.0001 <0.0001 <0.0001 0.5451
StatSensor capillary eGFR (CKD-EPI) 19.4 (13.1-27.1) 38.2 (32.6-44.2) 73.2 (67.3-78.6) 47.5 (43.7-51.4)
pb 0.0004 <0.0001 <0.0001 0.0028
iSTAT eGFR (MDRD) 15.0 (9.4-22.2) 39.6 (33.9-45.6) 77.4(71.7-82.4) 49.0 (45.1-52.8)
pa 0.0117 <0.0001 <0.0001 0.0048
iSTAT eGFR (CKD-EPI) 12.0(7.0-18.8) 23.9(19.0-29.2) 93.7 (89.9-96.3) 47.8 (43.9-51.6)
pb 0.0703 <0.0001 0.0002 <0.0001
StatSensor venous eGFR (MDRD) 35.5(19.2-54.6) 57.7 (47.3-67.7) 53.5 (42.4-64.3) 52.8 (45.9-59.7)
p? 0.1250 <0.0001 <0.0001 0.4215
StatSensor venous eGFR (CKD-EPI) 29.0 (14.2-48.0) 45.4 (35.2-55.8) 69.8 (58.9-79.2) 52.8 (45.9-59.7)
pb 0.3750 <0.0001 <0.0001 0.1249

All data percentage (95% confidence interval). ®vs. laboratory eGFR (MDRD) using exact NcNemar test; "vs. laboratory eGFR (CKD-EPI) using exact
NcNemar test; in mL/min/1.73 m?; “total samples correctly classified into CKD stages: G3-5, G2 and G1. All eGFR equations exclude the African-

American coefficient.
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present a positive bias on laboratory creatinine with low-
ered eGFR would be expected (the opposite pattern from
what was observed in our laboratory samples). Importantly
in LMIC, these methodological and pre-analytical factors
are common in clinical practice. For example, in South
Africa, samples from rural areas are transported to central
laboratories and only processed 12-72 h post collection [6]
and the Jaffe method is used in all but a few large urban
centres due to cost considerations [25] — despite an initia-
tive for all laboratories to use the enzymatic method [26].
The IDMS-traceable Jaffe method has been shown not to
reach the desirable specifications of the Laboratory
Working Group of the National Kidney Disease Education
Program [27] - nevertheless, it is commonly used with 93%
of studies from sub-Saharan Africa which reported creati-
nine methodology making use of the Jaffe method [28].

In LMIC the potential public health benefits associated
with POC screening for early detection and monitoring of
CKD is an exciting possibility. Despite the bias and
imprecision seen in POC eGFRs, these devices showed
improved performance compared to laboratory Jaffe eGFR.
The performance of POC devices to detect eGFR in the range
60-89 mL/min/1.73 m® is of particular interest. With
limited access to renal replacement therapy for severe
kidney disease, it is advantageous to detect individuals
with early disease who may benefit from renal protective
measures. There was improved accuracy in this area
compared to laboratory Jaffe measurements, as well as
compared to measurements below 60 mL/min/1.73 m%
Nevertheless, the large bias, imprecision and mis-
classifications mean that results remain inaccurate with
current eGFR estimating equations.

Enzymatic methods are more specific for creatinine
than Jaffe methods which are vulnerable to interference
from numerous substances including proteins, glucose
and ketone bodies [29]. Various assay techniques such as
kinetic reactions and compensated assays are used to
improve specificity. The laboratory assay used in our study
was an IDMS-traceable compensated kinetic Jaffe assay.
Compensated assays assume a fixed concentration of non-
specific interferences which are subtracted from the total
creatinine value, bias will be introduced if this assumption
is incorrect [30, 31]. The positive bias for creatinine which
the enzymatic POC devices demonstrated compared to the
laboratory Jaffe assay may reflect overcompensation of the
Jaffe assay in our population. When laboratory creatinine
results were adjusted by a factor of +9.0 umol/L resulting
eGFR equations showed similar P30s to that obtained for
POC (Supplementary Table S1). Ideally all laboratories
should move to enzymatic methods for the measurement of
creatinine, while compensated Jaffe equations should be
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used with caution especially if this compensation has not
been validated in a particular population. The poor per-
formance of the laboratory Jaffe assay in our study may
reflect overcompensation of the Jaffe method in our
population.

Our study focussed primarily on accuracy; however,
imprecision makes an equally important contribution to
analytical variation. Jaffe methods are known with higher
imprecision than enzymatic methods [27 ,32, 33]. The inter-
day CVs of the POC creatinine devices were greater than
that seen with the laboratory Jaffe assay. This high
imprecision with POC assays, despite the use of enzymatic
methodology, is an important distinguishing factor be-
tween laboratory and POC testing [34]. High levels of
imprecision may result in total error that hinders the
interpretation of creatinine and subsequent eGFR [32].

The ability of the CKD-EPI equation to quantify GFR
above 60 mL/min/1.73 m® offers significant advantages
over the MDRD equation and avoids classifying patients
based on a GFR cut-off which dichotomises all mea-
surements [5, 35]. In keeping, we found the MDRD
equation to suffer from greater imprecision above a
mGFR of 60 mL/min/1.73 m? Despite these apparent
short-comings, we were surprised by the improved ac-
curacy of the MDRD equation with higher P30s and
sensitivities up to a mGFR of 90 mL/min/1.73 m?
compared to the CKD-EPI equation.

In keeping with other studies from sub-Saharan Africa
[13, 14] we found a positive bias when using the African-
American coefficient for the MDRD and CKD-EPI equations,
and both led to substantial overestimation of GFR (Sup-
plementary Figures S1 and S2). The revised Lund-Malmo
equation outperformed the MDRD and CKD-EPI equations
(Supplementary Table S1), suggesting that a new equation
developed from an African population group may further
improve performance. Despite the improved performance
seen with the revised Lund-Malmé equation it remains
rarely used in sub-Saharan Africa.

POC devices have the potential to provide immediately
actionable results and mitigate pre-analytical errors, such as
delay in separation commonly seen in LMIC. The iSTAT®
utilises venous whole blood while the StatSensor® can be
used with capillary and venous whole blood. Capillary
sampling offers added benefit by eliminating the need for
phlebotomy skills, and is preferred by patients [36]. Capillary
sampling showed improved performance over correspond-
ing laboratory creatinine, however it showed the highest
levels of imprecision. Thus, venous sampling should remain
the preferred option, with capillary sampling considered as
an alternative only if venous sampling is unavailable and if
the device has been validated for this purpose.
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POC testing has limitations such as: refrigerated sup-
ply storage (both devices), susceptibility to lot-to-lot vari-
ations and a lack of monitoring by laboratory professionals
(especially external quality control). Cost considerations
need to be taken into account especially in resource-
limited settings. POC testing has a significantly higher cost
compared to laboratory measurements, especially when
additional components such as the purchase of quality
control materials and the need for refrigeration are
considered. However, cost savings may be achieved if POC
testing leads to improved detection, and reduced numbers
of patients progressing to advanced CKD. Both devices,
and others, have previously been reviewed regarding
suitability in low-income countries, including estimated
cost per test [37].

Our study had a number of strengths: (i) the large
sample size drawn from a well characterised population-
based study of rural South Africans; (ii) the study proced-
ures were standardised and conducted in a well-controlled
research environment; (iii) two different POC devices using
venous whole blood and capillary blood were evaluated;
(iv) participants had a wide range of iohexol mGFRs
including 134 participants with a mGFR less than 60 mL/
min/1.73 m% Our study also had limitations: (i) the poor
performance of laboratory creatinine likely reflects the
Jaffe methodology used despite enzymatic methods being
the preferred choice [27, 33, 38-40], however without a
parallel analysis using a laboratory enzymatic method this
assumption remains untested; (ii) although plasma clear-
ance of iohexol is a well described method for measuring
GFR, the MDRD and CKD-EPI equations were developed
using urinary clearance of iothalamate and as such,
methodologic bias may be introduced by using iohexol
mGFR [4]; (iii) laboratory creatinine was processed after
delayed sample separation (although less than the 24 h
level at which changes become significant [6, 24]); (iv) POC
testing was carried out by trained staff under controlled
conditions, which may not be reproducible in a busy clinic
environment; (v) roughly one-third of participants had
venous measurements assessed with the StatSensor® due
to cost considerations.

In conclusion, our study demonstrates poor perfor-
mance of the compensated kinetic Jaffe method to measure
creatinine in an under-resourced primary care setting and
highlights the recommendation for laboratories to move to
enzymatic methods. In these situations POC devices,
despite their poor performance compared to iohexol mGFR,
show improved accuracy in predicting GFR compared to
Jaffe methodology. The inaccuracy and wide imprecision
with current eGFR estimating equations mean that POC
devices should be used with caution.
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Figure S1: MDRD eGFR (with African-American coefficient) vs iohexol mGFR

Bland-Altman agreement charts of: A) Laboratory MDRD eGFR, C) StatSensor® capillary MDRD eGFR,
E) iISTAT® MDRD eGFR, and G) StatSensor® venous MDRD eGFR compared to iohexol mGFR

Passing-Bablok regression comparing: B) Laboratory MDRD eGFR, D) StatSensor® capillary MDRD
eGFR, F) iSTAT® MDRD eGFR, and H) StatSensor® venous MDRD eGFR compared to iohexol mGFR
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Figure S2: CKD-EPI eGFR (with African-American coefficient) vs iohexol mGFR

Bland-Altman agreement charts of: A) Laboratory CKD-EPI eGFR, C) StatSensor® capillary CKD-EP!I
eGFR, E) iSTAT® CKD-EPI eGFR, and G) StatSensor® venous CKD-EP| eGFR compared to iohexol mGFR

Passing-Bablok regression comparing: B) Laboratory CKD-EPI eGFR, D) StatSensor® capillary CKD-EPI
eGFR, F) iSTAT® CKD-EPI eGFR, and H) StatSensor® venous CKD-EPI eGFR compared to iohexol mGFR
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Table S1: Accuracy within 30% of mGFR (P30), including revised Lund-Malmo equation and

adjusted laboratory creatinine

P30
All mGFR <60° mGFR 60-89° mGFR 290°

(G3-5) (G2) (G1)
Laboratory eGFR 36 10 27 60
(MDRD) (32—-40) (5—-16) (22 -33) (53 -66)
Laboratory eGFR 43 7 25 83
(CKD-EPI) (40-47) (3-12) (20-31) (78 —88)
Laboratory eGFR 58 10 45 98
(Revised Lund-Malmo) (54 -61) (6-17) (39-51) (95-199)
StatSensor Capillary eGFR 61 29 68 70
I(MDRD) (57 —65) (22 -38) (62—-73) (64 —76)
StatSensor Capillary eGFR (CKD- 62 21 60 85
IEPI) (58 —65) (14 -29) (54 - 66) (80—89)
StatSensor Capillary eGFR 69 27 78 83
I(Revised Lund-Malmo) (66-73) (20-135) (72 - 82) (78 -87)
iSTAT eGFR 62 18 61 87
(MDRD) (58 —66) (12-26) (55—66) (82—-90)
iSTAT eGFR 56 14 44 92
(CKD-EPI) (52 -60) (8-21) (38 -50) (88 —95)
iSTAT eGFR 71 17 74 97
(Revised Lund-Malmo) (68 —75) (11 -25) (68 —79) (94 -99)
StatSensor Venous eGFR 71 42 74 78
I(MDRD) (64—-77) (25-61) (64 —83) (68 —86)
StatSensor Venous eGFR 72 35 66 92
I(CKD-EPI) (65—78) (19 -55) (56 —75) (84—-97)
StatSensor Venous eGFR 80 45 87 85
I(Revised Lund-Malmo) (74 —85) (27 —64) (78 —93) (76 —92)
Laboratory adjusted® eGFR 62 15 60 90
(MDRD) (58 —66) (9-22) (54 — 65) (86 —94)
Laboratory adjusted® eGFR 55 12 41 94
(CKD-EPI) (51-59) (7-19) (35-47) (90 -97)
Laboratory adjusted® eGFR 71 14 76 97
(Revised Lund-Malmo) (68 —75) (9-21) (70-81) (94 -99)

2in mL/min/1.73m2

b adjusted by a factor of +9.0umol/L based on inter-site calibration study comparing laboratory Jaffe and enzymatic methods

All data: % (95% confidence intervals)

Note: all eGFR equations exclude the African-American coefficient




Table S2: Samples correctly classified according to KDIGO GFR staging

eGFR? | Laboratory | Laboratory | Laboratory | StatSensor StatSensor StatSensor | iSTAT iSTAT iSTAT StatSensor StatSensor StatSensor
eGFR eGFR (CKD- | eGFR (LM) | Capillary eGFR | Capillary eGFR | Capillary eGFR eGFR eGFR Venous eGFR | Venous eGFR | Venous
(MDRD) EPI) (MDRD) (CKD-EPI) eGFR (LM) | (MDRD) | (CKD-EPI) | (LM) (MDRD) (CKD-EPI) eGFR (LM)
mGFR >90
>90 241 (96) 250 (99) 202 (80) 130 (52) 183 (73) 99 (40) 195 (77) | 236 (94) 149 (59) | 46 (53) 60 (70) 32(37)
60-89 | 11(4) 2 (1) 50 (20) 108 (43) 65 (26) 139 (56) 57 (23) 16 (6) 102 (40) | 38 (44) 26 (30) 48 (56)
30-59 | 0(0) 0(0) 0(0) 12 (5) 2 (1) 12 (5) 0(0) 0(0) 1(0) 2(2) 0(0) 6 (7)
15-29 | 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
<15 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
mGFR 60 - 89
>90 241 (85) 264 (93) 189 (66) 106 (37) 155 (54) 68 (24) 165 (58) | 212 (74) 114 (40) | 34 (35) 51 (53) 22 (23)
60-89 | 42 (15) 20(7) 92 (32) 138 (48) 109 (38) 175 (61) 113 (40) | 68 (24) 149 (52) | 56 (58) 44 (45) 69 (71)
30-59 | 2 (1) 1(0) 4(1) 41 (14) 21(7) 42 (15) 7(2) 5(2) 22 (8) 7(7) 2(2) 6 (6)
15-29 | 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
<15 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0)
mGFR 30 - 59
>90 83 (64) 96 (74) 60 (47) 25 (19) 39 (30) 16 (12) 49 (38) 70 (55) 40 (31) | 5(17) 7 (23) 3 (10)
60-89 | 38(29) 26 (20) 55 (43) 74 (57) 66 (51) 75 (58) 62 (48) 45 (35) 66 (52) 15 (50) 15 (50) 16 (53)
30-59 | 7 (5) 6 (5) 12 (9) 29 (22) 23 (18) 34 (26) 16 (13) 12 (9) 19 (15) | 10(33) 8 (27) 9 (30)
15-29 | 1(1) 1(1) 2(2) 1(1) 1(2) 4(3) 1(1) 1(1) 3(2) 0 (0) 0(0) 2(7)
<15 0(0) 0(0) 0(0) 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0(0) 0(0) 0 (0) 0(0)
mGFR 15 - 29
>90 2 (50) 2 (50) 1(25) 1(25) 1(25) 0(0) 0(0) 1(25) 0(0) 0(0) 0(0) 0(0)
60-89 | 0(0) 0(0) 1(25) 1(25) 2 (50) 1(25) 2 (50) 1(25) 2 (50) 0 (0) 0 (0) 0(0)
30-59 | 2(50) 2 (50) 2 (50) 2 (50) 1(25) 2 (50) 2 (50) 2 (50) 1(25) 1 (100) 1(100) 0(0)
15-29 | 0(0) 0(0) 0 (o) 0(0) 0 (o) 1(25) 0(0) 0(0) 1(25) 0(0) 0(0) 1 (100)
<15 0(0) 0(0) 0(0) 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0(0) 0(0) 0 (0) 0(0)
mGFR <15
>90 [ 0(0) [ 0(0) | 0(0) [ 0(0) | 0(0) | 0(0) [ 0(0) | 0(0) [0(0) [o0(0) [ 0(0) [ 0(0)
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60-89 | 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
30-59 | 1(100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1(100) | 1(100) 1(100) | 0(0) 0(0) 0(0)
15-29 | 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
<15 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

All data n (%)

CKD-EPI and MDRD equations presented without the African-American coefficient
Correctly classified samples highlighted in bold

23eGFR in mL/min/1.73m?
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Abstract

Background: The prevalence of chronic kidney disease (CKD) is predicted to rise over the next few decades. In
resource-limited settings access to central laboratory services is limited. Point-of-care (POC) urine dipstick testing
offers the potential to detect markers of kidney damage (albuminuria) as well as markers of other disease processes.
We evaluated the diagnostic accuracy of the semi-quantitative albumin-creatinine ratio (ACR) Sysmex UC-1000 POC
urine dipstick system as well as the extent of other abnormal dipstick findings in urine.

Methods: 700 participants from a rural area in South Africa were screened for albuminuria. A spot urine sample
was used to measure POC and central laboratory ACR. We determined the sensitivity, specificity, positive predictive
value and negative predictive value of the POC ACR, and recorded dipstick parameters.

Results: The prevalence of albuminuria was 11.6% (95%Cl; 9.3-14.2). Those with albuminuria had higher mean
diastolic (82 vs 79 mmHg, p =0.019) and systolic (133 vs 128 mmHg, p =0.002) blood pressures and a higher
proportion of diabetes mellitus (17.6 vs 49%, p < 0.001). The sensitivity of the POC ACR system was 0.79, specificity
0.84, positive predictive value 0.39 and negative predictive value 0.97. The sensitivity improved to 0.80, 0.85, 0.85
and 0.89 in those with elevated blood pressure, diabetes mellitus, HIV positive status, and those 65 years and older,
respectively. Abnormalities other than albuminuria were detected in 240 (34.3%) of the samples; 88 (12.6%) were
positive for haematuria, 113 (16.1%) for leucocytes, 66 (9.4%) for nitrites and 27 (3.9%) for glycosuria.
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Conclusion: Our study shows that POC ACR has good negative predictive value and could be used to rule out
albuminuria when screening for CKD. Additionally, a high proportion of participants had other urine abnormalities
detected with dipsticks which may reflect kidney disease or co-morbid untreated genitourinary pathology such as
urinary tract infections or endemic schistosomiasis with important implications for CKD.

Keywords: Point of care, Urine albumin creatinine ratio, Dipstick, Chronic kidney disease

Background

Sub-Saharan Africa (SSA) has a high burden of infectious dis-
eases (ID), mostly from HIV and tuberculosis, and an emer-
ging burden of non-communicable diseases (NCD) [1, 2].
Together, ID and NCD are risk factors for chronic kidney dis-
ease (CKD), which has a prevalence of 10.7% in SSA [3]. The
prevalence of CKD is predicted to rise disproportionately in
low- and middle-income countries (LMIC) [4]. Therefore,
early detection of CKD and appropriate management of risk
factors for progression is an essential public health priority.

Persistent albuminuria is one criterion for the diagnosis of
CKD, and an independent risk factor for adverse kidney and car-
diovascular outcomes [5-9]. Albuminuria, measured on more
than one occasion, as a spot urine albumin to creatinine ratio
(ACR), is now included as one of the diagnostic criteria for CKD
[10]. Screening for albuminuria is recommended in certain high-
risk groups such as those with diabetes mellitus, however results
should be confirmed by a central laboratory [11, 12].

The lack of access to central laboratory services in
LMICs is a major hurdle obstructing widespread imple-
mentation of CKD screening programs. While limited la-
boratory access is acknowledged in the 2012 KDIGO
guidelines, there are no recommendations for using point
of care (POC) devices in resource-limited settings (RLS)
[10]. POC testing provides actionable results in real-time
for clinical decision-making [13]. In South Africa (SA), the
efficacy of POC testing is well established for diagnosing
and managing patients with HIV and tuberculosis [14].
Using the existing framework established for POC testing
with ID, we propose that POC testing for screening and
early detection of CKD is feasible in our setting. Previous
studies [15-22] have shown good negative predictive
values with fair sensitivity for semi-quantitative ACR POC
testing, which suggests utility as a screening test for CKD.
Additionally, the ability of urine dipsticks to detect other
disease markers besides albuminuria offers added benefit.

The aim of our study was to evaluate the diagnostic
accuracy of a POC semi-quantitative ACR system in a
RLS in rural SA, and evaluate additional urinary abnor-
malities discovered on dipstick analysis.

Methods

Study design

Our sub-study comprised part of the prospective African
Research on Kidney (ARK) study, the methods of which

25

have been published [23]. To summarise, the ARK study
was conducted in the Agincourt Health and Demographic
Surveillance Site, Mpumalanga province, SA. There were
two phases of the ARK study; the first phase (November
2017 — October 2018) screened a population-based sam-
ple of 2020 rural Africans for kidney disease and associ-
ated risk factors, those between the ages of 20 and 80
were considered eligible; the second phase (November
2018 — July 2019) comprised a subsample of the first
phase, stratified by CKD stage. (Fig. 1).

In phase one of the ARK study, a CKD-risk question-
naire was administered, blood pressure (BP) was mea-
sured (as per the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure guidelines [24]), and voluntary
counselling and HIV testing was offered to all partici-
pants according to the SA Department of Health Guide-
lines [25]. In the field, POC tests were performed

including urine dipstick analysis using Roche
989
participants No index test
n=289
Reason: funding
POC ACR constraints
n=700
| ]
Negative Positive
n=534 n= 166
Lab ACR Lab ACR
n= 534 n= 166

Final Diagnosis: Final Diagnosis:

Albuminuria Albuminuria
n=17 n= 64
Normo- Normo-
albuminuria albuminuria
n=517 n=102

Fig. 1 Flow of participants through the study. POC ACR is the index
method while Lab ACR is the reference method
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(Mannheim, Germany) Combur 10° test strips on fresh
spot urine samples.

The second phase of the ARK study recruited 989 par-
ticipants and included the same BP and HIV testing pro-
tocols as the first phase. Spot urine samples were
refrigerated overnight (2 - 8°C) and processed the fol-
lowing morning for storage at -80°C. Urine samples
were transported at -80 °C from the study site to a cen-
tral laboratory where they were processed over a nine-
day period. Each day, 81 samples were separated into
two aliquots, one aliquot was tested using central labora-
tory ACR, the other aliquot was tested using a POC
semi-quantitative dipstick method. Central laboratory
ACR results were not known while POC ACR was per-
formed and vice versa. 700 urine samples out of the 989
where selected based on the order in which they were
sent to the central laboratory, all 700 samples were proc-
essed. Funding constraints limited the sample size to
700 out of 989.

POC ACR and dipstick analysis

Urine dipstick analysis was performed using Sysmex
Corporation (Kobe, Japan) 12S° urine dipsticks together
with the Sysmex UC-1000° semi-automated urine chem-
istry analyser. The 12S dipsticks measure the following
parameters: urobilinogen, red blood cells, haemoglobin,
protein, glucose, ketones, bilirubin, nitrites, specific grav-
ity, leukocytes, pH, creatinine, and albumin with colori-
metric dipstick assays. The Sysmex UC-1000° system
optically reads reaction results from 12S dipsticks using
multi-wavelength reflectance photometry thereby pro-
viding semi-quantitative results. The semi-automated
reading of strips eliminates inter-individual variation in
interpreting dipstick results. The albumin concentration
is measured as 10, 30, 80, or 150 mg/L using the protein
error of pH indicator method, while the creatinine con-
centration is measured as 10, 50, 100, 200, or 300 mg/dL
using the Benedict-Behre method; thereafter the ACR is
calculated as dilute (albumin 10 mg/L and creatinine 10
mg/dL), normal (< 30 mg/g), 1+ (30-300 mg/g), or 2+ (>
300 mg/g). Internal quality control was performed each
day before any samples were run.

Measurement of laboratory ACR

Laboratory albumin and creatinine measurements were
performed on the Cobas c502 module® (Roche Diagnos-
tics, Mannheim), with urine albumin (mg/L) determined
using an immunoturbidimetric assay while urine creatin-
ine (mg/dL) was determined using the kinetic Jaffe
method. This was considered an appropriate reference
method due to widespread usage in central laboratories
in South Africa. During the nine days of measurements
a single lot was used for both urine albumin and creatin-
ine assays, internal quality control was performed twice
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daily as per standard practices within the central labora-
tory, together with an external quality assurance
program.

Statistical analysis

Laboratory measurement of ACR was used as the refer-
ence method to which POC ACR was compared. La-
boratory ACR was considered positive if 230 mg/g and
negative if <30 mg/g. POC ACR was considered positive
if falling in the “1+” or “2+” (230 mg/g) groups whilst
negative if falling in the normal group (< 30 mg/g). Sam-
ples in which the laboratory albumin was < 3 mg/L (limit
of quantification) were considered as negative, as were
POC ACR samples which were dilute (albumin < 10 mg/
L and creatinine <10 mg/dL). All 700 samples were in-
cluded for analysis.

Statistical analysis was performed using Tibco Statis-
tica 13° and MedCalc 19.1.3°. Continuous data were
compared using the students T-test and Mann-Whitney
test when appropriate, while categorical data were com-
pared using y ? test. The prevalence of albuminuria, sen-
sitivity, specificity, positive (PPV) and negative predictive
values (NPV), and likelihood ratios of POC testing were
calculated using cross-tabulation. 95% confidence inter-
vals were calculated according to the exact Clopper-
Pearson method for sensitivity and specificity, according
to the Miettinen-Nurminen method for likelihood ratios
and according to the Mercaldo-Wald method for pre-
dictive values. A p-value <0.05 was considered statisti-
cally significant.

Results

Study population

We analysed 700 urine samples; participant demograph-
ics and clinical characteristics are listed in Table 1. Mean
systolic and diastolic BP were significantly higher
amongst those with laboratory albuminuria, as was a his-
tory of diabetes mellitus; however, a history of hyperten-
sion was not. The prevalence of albuminuria was 11.6%
(95%CI; 9.3—-14.2), based on the central laboratory ACR
measurements (>30 mg/g).

Clinical performance of the POC ACR

The central laboratory method identified 81 participants
as having albuminuria (= 30mg/g) whilst the POC
method, performed on the same day, identified 166 par-
ticipants with albuminuria. No adverse events were re-
ported during testing or collection. In total the POC
reader misclassified 119 samples (17%) with 102 false
positives, and 17 false negatives. Sensitivity of the POC
ACR to detect albuminuria (ACR =30 mg/g) was 0.790
(95%CI; 0.689-0.865), and specificity was 0.835 (95%CI;
0.804-0.862). A positive likelihood ratio of 4.80 (95%CI;
3.86-5.89) and negative likelihood ratio of 0.25 (95%Cl;
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Table 1 Demographic and clinical features

Laboratory ACR (mg/qg) p¢
<30 >30 >300
Number of patients 619 81 9
Age (years) 45 (25  43(23)° 55 (25)° 0680°
BMI (kg/m?) 28.1(62) 27365 270707 0239°
Systolic BP (mmHg) 128 (149) 133 (181) 144 (2407  0002°
Diastolic BP (mmHg) 79 (86) 82 (99) 83 (7.0 0019°
Male (%)® 211 (341)  31(383) 4 (444) 0457"
Hypertension (%)° 154 (260) 25(338) 3 (37.5) 0.153
Diabetes Mellitus (%)° 29 (4.9) 13(176)  2(250) <0001
Smoker (9%)° 85(143)  11(149  0(0) 0902'
HIV reactive (%)° 119(201) 20 (270)  1(125) 0.246"

Data presented as mean (SD) or n (%) unless otherwise indicated

?Data presented as median (IQR)

PMissing values for all patients = 33

“Comparison between laboratory negative (< 30 mg/g) and laboratory positive
(>30 mg/g) groups

4Mann-Whitney test

€Students T-test

fy? test

Hypertension, diabetes mellitus, smoker status obtained from

medical questionnaire

HIV status obtained from medical questionnaire. If previously tested,
participants were asked their status; those who did not know their status, or
previously tested negative, were offered voluntary counselling and testing
during the home screening (see methods)

Measured blood pressure (BP): see methods

0.16—-0.37) was obtained for POC ACR. Predictive values
of 0.968 (95%CI; 0.952—-0.979) for negative results and
0.386 (95%CI; 0.337—-0.436) for positive results were ob-
tained. Sensitivity and specificity to predict ACR > 300
mg/g was 1.00 (95%CI;0.664—1.00) and 0.987 (95%CI;
0.975-0.994) respectively; with predictive values of 1.00
(95%CL  0.995-1.00) for negative results and 0.50
(95%CI;0.343-0.657) for positive results.

The sensitivity and specificity of the POC ACR system
varied among different groups of participants. There was
reduced sensitivity (76%) in those with a history of
hypertension (medical questionnaire), however those
with raised blood pressure [26] showed an improved
sensitivity and specificity of 80 and 86% respectively.
The same is true of those with a history of diabetes mel-
litus, with an improved sensitivity of 85%, however, spe-
cificity was lower (66%) in this group. Smokers, those
with HIV, and those 65 years or older showed improved
sensitivity. PPV remained low in all groups ranging from
0.26 to 0.52, while NPV was high ranging from 0.90 to
0.99. (Table 2).

False negative values ranged from 30.9-57.5 mg/g, and
those for false positives ranged from 1.8-29.2 mg/g. All
nine samples with laboratory ACR > 300 mg/g were cor-
rectly identified as “2+” (> 300 mg/g) according to POC
ACR, a further nine samples were classified as > 300 mg/
g while laboratory ACR classified them as albuminuria
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(> 30 mg/g) but less than 300 mg/g. POC ACR correctly
classified 572 (82%, 95%CI;79-85) of the samples into
the correct KDIGO albuminuria stages of Al (< 30 mg/g),
A2(30 — 300mg/g) and A3 (>300 mg/g). Accuracy was
97% (95%CL;95-98), 31% (95%CIL24—39), and 50%
(95%CI;26-74) in groups Al, A2 and A3 according to
POC ACR. (Fig. 2).

Additional urine dipstick abnormalities

240 (34.3%) of the 700 samples had abnormal findings
other than ACR, protein to creatinine ratio, pH, or spe-
cific gravity. 65% (53/81) of laboratory confirmed albu-
minuria samples had additional abnormalities on urine
dipstick. While 30% (187/619) of the samples without la-
boratory confirmed albuminuria demonstrated add-
itional urinary dipstick abnormalities. Using the dipstick
method 88 (12.6%) participants had haematuria includ-
ing 50 in the laboratory negative group, and 113 (16.1%)
had leukocyturia.

Urine dipstick findings were compared between those
with laboratory positive and negative ACR. Haematuria
and glycosuria were significantly higher in the laboratory
positive compared to the laboratory negative group
(46.9% vs 8.1% and 11.1% vs 2.9% respectively). All ab-
normalities were seen with a higher proportion in those
with laboratory positive ACR except for leucocytes, al-
though not statistically significant. (Table 3).

Effect of freezing on semi-quantitative POC dipstick
parameters

Freezing had a minimal effect on dipstick parameters
with a small increase in false negatives and no increase
in false positives being seen for haematuria and leukocy-
turia. (See Supplementary for detailed results and
methodology).

Discussion

Our study represents the largest evaluation of a POC
ACR compared to laboratory ACR to date. Similar to
previous studies [15-22] we found that the POC ana-
lyser has good rule out utility for albuminuria, as indi-
cated by the NPV. Our study differs from previous
studies in that we simultaneously evaluated additional
urine dipstick parameters aside from albuminuria. Simi-
lar studies [15-21] have looked at semi-quantitative
POC ACR from different manufacturers, however this is
the first published study on the Sysmex UC-1000° in-
strument. The fully automated Sysmex UC-3500 has
previously been validated showing excellent precision
and good analytical accuracy [22].

When using ACR to screen for albuminuria, the rec-
ommended sample is an early morning urine sample.
Previous studies have used random urine [15, 18, 20] or
early morning samples [16, 17, 19, 21] with sensitivity of
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Table 2 Classification of albuminuria as positive or negative by POC and laboratory ACR

All patients (700) Sensitivity 0,79
Positive POC (n = 166) Negative POC (n=534) Specificity 0,84
Positive lab ACR (n=81) 64 17 PPV 0,39
Negative lab ACR (n=619) 102 517 NPV 0,97
Hypertension (179) Sensitivity 0,76
Positive POC (n=47) Negative POC (n=132) Specificity 0,82
Positive lab ACR (n = 25) 19 6 PPV 0,40
Negative lab ACR (n = 154) 28 126 NPV 0,95
DM (42) Sensitivity 0,85
Positive POC (n=21) Negative POC (n=21) Specificity 0,66
Positive lab ACR (n=13) 1 2 PPV 0,52
Negative lab ACR (n =29) 10 19 NPV 0,90
Smoker (96) Sensitivity 082
Positive POC (n = 26) Negative POC (n=70) Specificity 0,80
Positive lab ACR (n=11) 9 2 PPV 0,35
Negative lab ACR (n =85) 17 68 NPV 097
HIV (139) Sensitivity 0,85
Positive POC (n=41) Negative POC (n =98) Specificity 0,80
Positive lab ACR (n = 20) 17 3 PPV 0,41
Negative lab ACR (n=119) 24 95 NPV 0,97
BP: Diastolic > 80 OR Systolic > 130 (389) Sensitivity 0,80
Positive POC (n =93) Negative POC (n = 296) Specificity 0,86
Positive lab ACR (n=56) 45 1M PPV 048
Negative lab ACR (n=333) 48 285 NPV 0,96
Age > 65 (105) Sensitivity 0,89
Positive POC (n =31) Negative POC (n=74) Specificity 0,76
Positive lab ACR (n=9) 8 1 PPV 0,26
Negative lab ACR (n = 96) 23 73 NPV 099

Hypertension, diabetes mellitus (DM), smoker status obtained from medical questionnaire
HIV status obtained from medical questionnaire. If previously tested, participants were asked their status; those who did not know their status, or previously
tested negative, were offered voluntary counselling and testing during the home screening (see methods)

Measured blood pressure (BP): see methods
PPV: positive predictive value
NPV: negative predictive value

random urine samples being 0.83 [15], 0.79 [18], and
0.63 [20] while the sensitivity of early morning samples
was 0.90 [16], 0.90 [17], 0.75 [19], 0.92 [21] and 0.80
[21], suggesting a possible advantage of early morning
sampling [27].

Our findings show the POC device would be useful for
excluding albuminuria, but any positive result would
need to be confirmed with a laboratory ACR. This in
keeping with other studies where NPV ranged from
0.89-0.99 [15, 16, 18, 19, 21, 22] with one study report-
ing a NPV of 0.71 [17]; while positive predictive value
was low for all studies ranging from 0.46-0.82 [15-19,
21, 22]. Similarly, only one study [16] reported a positive
likelihood ratio above 10 indicating utility in ruling in
disease.

28

The improved sensitivity seen in participant groups
with known risk factors for CKD could help guide
screening strategies. The discordance in sensitivities be-
tween a history of hypertension (medical questionnaire)
and raised BP during examination could point to the ef-
fect of antihypertensives, particularly angiotensin-
converting enzyme inhibitors, on albuminuria [28].
Screening strategies targeted at those with a history of
diabetes mellitus, the elderly, those who present with el-
evated blood pressure, and those with HIV are justified,
and in keeping with management guidelines [29, 30].
Our findings corroborate those of previous studies: in
the study by Graziani et al. [16] the sensitivity and NPV
of POC ACR improved marginally from 0.90 to 0.91 and
0.90 to 0.98 respectively in the general population versus
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Fig. 2 Laboratory ACR (reference) versus POC ACR (index). The
horizontal lines represent 30 mg/g and 300 mg/g. 30 mg/g
represents the threshold for albuminuria while 300 mg/g is the
threshold for 2+ albuminuria (as defined by the POC system). FNs
represent false negative results by the POC method while FPs
represent false positive results by the POC method

>300

a cohort with a history of type 2 diabetes mellitus.
McTaggart et al. [15] found improved sensitivity and
NPV: 0.83 to 0.91 and 0.95 to 0.98 respectively in the
general population compared to participants with hyper-
tension. The study by Nah et al. [21] was conducted in
prediabetic and diabetic populations with sensitivity of
0.92 and 0.80, and NPV of 0.99 and 0.91 respectively.
Our sensitivity of 0.79 and NPV of 0.97 are in keeping
with random urine samples in the general population.
Although the loss of specificity (increased false positives)
seen in those with diabetes mellitus in our study sug-
gests the need for confirmatory laboratory testing, the
increased sensitivity in this group of participants is valu-
able in detecting diabetic nephropathy. Although in-
creased sensitivity was seen in subgroup analysis, the
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suggesting that laboratory confirmation of positive re-
sults is required while negative results exclude disease.

When using POC ACR, 82% of samples were correctly
classified into the correct KDIGO albuminuria stages,
however, the poor performance in those with albumin-
uria according to POC ACR suggests category shifting in
this group. Despite POC ACR having 100% sensitivity in
those with significant albuminuria (>300 mg/g or stage
A3), 50% of positive samples were false positive results.
The high number of false positives and relatively few
false negatives suggests that POC ACR tends to shift pa-
tients into higher concentrations of albuminuria, thus
higher ACR categories. As such, negative results carry
more significance, further emphasized by the 97% accur-
acy seen in those with POC ACR < 30 mg/g.

Surprisingly, our study showed a high prevalence of
abnormal urine findings besides ACR- highlighting the
extent of abnormalities which can be picked up with
dipstick analysis in our population. Similar findings were
demonstrated during phase one of the ARK study
(haematuria: 32.6% and leukocyturia: 30.3%), while the
effects of freezing at -80 °C were shown to have minimal
effects (Supplementary). Our aims were not to validate
these findings but rather to expose the extent of abnor-
malities seen. The epidemiology of CKD in LMICs is
complex and often comprises the influence of multiple
factors including NCDs, IDs, host and environmental
factors [31]. Our findings suggest that strategies to de-
crease the impact of CKD should involve screening,
diagnosing and managing CKD, but also screening for,
and managing other risk factors [32].

We found a high prevalence of haematuria on dipstick
analysis. Potential explanations for isolated haematuria
could be endemic urogenital schistosmiasis, a known
cause of CKD in LMICs [31], or glomerular pathology
that could include infectious (or other) glomerulone-

low PPV and high NPV remained in all sub-populations  phritides, urogenital tuberculosis, and interstitial
Table 3 Other dipstick findings besides ACR in phase 1 and phase 2
Blood® Urobilinogen Bilirubin Glucose Leucocytes Nitrites

Phase 2 (n =700) (Sysmex 12S° strips)®

Lab ACR 230 (n and %) 38 (46.9) 1(1.2) 2 (25 9(11.1) 12 (14.8) 12 (14.8)

Lab ACR <30 (n and %) 50 (8.1) 2(03) 4(06) 18 (29) 101 (16.3) 54 (8.7)

TOTAL (%) 88 (12.6) 3(04) 6 (0.9 27 (3.9 113 (16.1) 66 (9.4)

pd <0.001 0.238 0.094 <0.001 0.730 0.078
Phase 1 (n =1993)° (Roche Combur 10° strips)b

TOTAL (%) 649 (32.6) 36 (1.8) 46 (2.3) 64 (3.2) 603 (30.3) 49 (2.5)

All data n (%)

?Performed on urine after a freeze thaw cycle, semi-quantitative analysis performed with Sysmex UC-1000° device (see methods)
Pperformed on fresh urine during phase one, semi-quantitative analysis performed with visual inspection (see methods)

“Missing data for 27 (2 refused, 25 missing data)
9 x 2 test Lab ACR >30 vs Lab ACR < 30 (all phase 2)
*Haemoglobin or erythrocytes detected by dipstick method
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nephritis. The high level of haematuria observed in the popu-
lation is concerning: haematuria is associated with an increased
risk of progression to ESRD [33], and plays a pathological role
in renal tubular damage [34]. These dipstick findings need to
be validated in our population, however previous studies have
recommended dipstick analysis when screening for haematuria
due to high sensitivity and reduced costs [35—38].

All the dipstick parameters except for leucocytes oc-
curred with higher frequency in those with laboratory al-
buminuria; of these haematuria and glycosuria had
statistical significance. This is in keeping with the role
haematuria plays in various renal pathologies as well as
the risk for kidney disease which is inferred from dia-
betes mellitus (a possible cause for glycosuria amongst
others). Although not statistically significant the rela-
tively higher prevalence of leucocytes in urine of those
with laboratory negative findings was an unexpected
finding. Previous studies [39-42] including a study per-
formed on South African participants with CKD [43]
showed that the presence of JC viruria was protective of
developing CKD, with 43-fold higher odds of developing
kidney disease in those without JC viruria. Whether
these protective virurias stimulate leucocyte shedding in
the urine of individuals is yet to be studied but could be
a possible explanation for the raised leucocytes seen in
laboratory negative individuals.

The limitations of dipstick screening such as false pos-
itives, interferences from various drugs, a lack a specifi-
city and the need for confirmatory laboratory or
microscopy testing are well known [44]. In RLS where
access to central laboratory services is often limited the
goals and uses of POC testing are very different to re-
source replete settings. Better patient outcomes with
POC testing can be achieved even with decreased per-
formance compared to laboratory-based testing if POC
testing ensures improved linkage to care and retention
in treatment [45]. The ability of dipstick testing to detect
the potential presence of multiple risk factors for CKD
and other co-morbid conditions such as diabetes melli-
tus, schistosomiasis, urinary tract infections, urological
abnormalities, liver disease, and numerous others; to-
gether with conventional (albuminuria) and non-
conventional (haematuria) markers of CKD in a single
test is Dbeneficial. Semi-quantitative (and semi-
automated) results are preferable over subjective visual
dipstick inspection, such semi-quantitative results aid
primary care nurses who are often responsible for fol-
lowing screening guidelines in RLS.

Our study had several limitations: the POC testing was
performed in a laboratory environment on the same day
as laboratory measurements and not at the patient side,
in a less controlled environment it is possible the POC
instrument will not perform to the same standards. The
urine samples were kept in a fridge overnight and then
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frozen the next day at -80 °C before being shipped frozen
to the central laboratory. Previous studies have shown
good stability of urine albumin and ACR with long term
storage at -70°C [46, 47], urine albumin and ACR is
stable for up to 7 days when stored at 4°C [48, 49]. To
our knowledge no studies exist on the stability of urine dip-
stick analysis in previously frozen samples. Dipstick analysis
on samples post refrigeration up to 48 h has shown: glucose
to be stable up to 48 h at 4.°C; nitrites stable up to 24h at
4.°C; leucocytes, haemoglobin, red blood cells, bilirubin show
increased false negative results at 4 °C from between 4 and 8
h [50, 51]. It is possible the POC device would perform bet-
ter on fresh urine as this is the recommended sample from
the manufacturer (due to bilirubin and urobilinogen deteri-
oration), however frozen and refrigerated samples can be
used if returned to room temperature [52]. Despite the wide-
spread use of immunoassays and the kinetic Jaffe method to
measure laboratory ACR, these methods remain far from
ideal gold standards with which to compare POC ACR
There is currently no reference method or material for urine
albumin; as such methods are not standardised despite this
being a goal of the National Kidney Disease Education Pro-
gram [53, 54]. Comparison of results between different
methods have generally not found large biases [53, 55]. Al-
though isotope dilution mass spectrometry-traceability has
been established for the Jaffe method and a primary refer-
ence material exists the lack of matrix-specific secondary ref-
erence materials for urine creatinine mean that calibration is
not ideal [53]. Consequently, the use of laboratory ACR as
the gold standard in our study was a pragmatic rather than
ideal choice. Our study also has several advantages, the large
sample size from a rural population in South Africa
represents an important demographic group where
POC testing may be most beneficial. While random
urine sampling is not the recommended sample type
(versus concentrated early morning sampling) it repre-
sents the situation that will be encountered across rural
clinics in South Africa. We were able to process all 700
samples, without having to exclude outliers- and so bet-
ter represent the clinical situation which would be en-
countered by health care workers.

Conclusions

We have demonstrated the good rule out utility of a
POC ACR dipstick device, which could aid in excluding
at risk patients who do not require confirmatory central
laboratory testing in RLS. We have also shown the large
number of other abnormal findings seen with urine dip-
stick testing in our population- which could have impli-
cations for establishing screening guidelines for multiple
diseases or risks for CKD with a single test. Our study
population and findings are relevant in rural Africa with
limited access to central laboratory services.
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Supplementary Material

Freezing and dipstick parameters

Methodology

The effects of sample freezing on dipstick analysis was investigated by comparing 45 samples for
haematuria and leukocyturia according to the semi-quantitative POC device before and after storage
at -80°C for seven days, in both cases this was compared to laboratory results (Beckman Coulter Iris-
1Q200°®) before freezing. Samples were classified as positive or negative. POC methods were
considered positive if trace or above (1+, 2+, or 3+) was detected by semi-quantitative results.
Laboratory considered positive for haematuria if erythrocytes >10 cells/uL and positive for
leukocyturia if leukocytes > 25 cells/uL (based on cut-offs used on the POC device).

Results

Sensitivity and specificity were compared for haematuria and leukocyturia on fresh and frozen
samples compared to laboratory measurements. Sensitivity for haematuria and leukocyturia
decreased slightly post freezing: 78% vs 74%, and 88% vs 75% respectively. Specificity was
unchanged post freezing for haematuria (68%) and slightly improved: 52% vs 67% for leukocyturia.

Table S1: Classification of haematuria and leukocyturia pre and post freezing compared to laboratory

Haematuria (fresh urine)

Positive POC (n=25)

Negative POC (n=20)

Positive lab (n=23) 18 5 Sensitivity 0,78
Negative lab (n=22) 7 15 Specificity 0,68
Haematuria (post freezing)

Positive POC (n=24) Negative POC (n=21)
Positive lab ACR (n=23) 17 6 Sensitivity 0,74
Negative lab ACR (n=22) 7 15 Specificity 0,68
Leukocyturia (fresh urine)

Positive POC (n=31) Negative POC (n=14)
Positive lab (n=24) 21 3 Sensitivity 0,88
Negative lab (n=21) 10 11 Specificity 0,52
Leukocyturia (post freezing)

Positive POC (n=25) Negative POC (n=20)
Positive lab (n=24) 18 6 Sensitivity 0,75
Negative lab (n=21) 7 14 Specificity 0,67

Haematuria positive if red blood cells or haemoglobin detected in urine according to POC dipstick results
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Introduction

Sub-Saharan Africa (SSA), with a population of over 960 million people, suffers from high rates
of infectious diseases, malnutrition, and chronic non-communicable diseases (NCDs) - many of
which are risk factors for chronic kidney disease (CKD). Projections for developing regions
including SSA, expect a dramatic increase in diabetes, hypertension, and obesity (1, 2) all of
which may lead to an increased prevalence of CKD. A study of 570 participants from rural Kwa-
Zulu Natal found that: 33% were HIV-positive with high rates of NCD risk factors; 71% were
overweight (body mass index (BMI) 25 - 29.9 kg/m?) or obese (BMI > 30 kg/m?); 4% had
hyperglycaemia (random plasma glucose >11.0 mmol/l); 33% had hypertension (blood pressure
>140/90 mmHg); and 20% had hyperlipidaemia (total cholesterol >5.2 mmol/l) (3). These are all

risk factors for CKD.

The extent of CKD is largely unknown across SSA whilst the complications of CKD place a
considerable burden on already stretched health care resources. The high cost of renal
replacement therapy renders this condition fatal amongst the poor. A recent systematic review
estimates the prevalence of CKD to be 13.9% in SSA(4). A single population based study in

South Africa (SA) found that the prevalence of CKD was between 14.8 — 23.9% (5).

CKD is defined as “the presence of reduced kidney function (decreased glomerular filtration rate
(GFR)) and/or kidney damage (e.g. increased urinary albumin excretion) for a minimum period
of 3 months (6). Measurement of both GFR and a marker of kidney damage for example:
albumin to creatinine ratio (ACR) is therefore necessary in the diagnosis of CKD. ACR is the
most commonly used marker of kidney damage, it has been shown to be more sensitive than
protein to creatinine ratio at detecting early kidney disease and is recommended in classifying the

various stages of CKD (6, 7). A GFR <60 ml/min/1.73 m? implies the loss of approximately 50%
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of kidney function and its significance lies in the association with an increased risk of kidney
failure and death; whilst albuminuria confers an independent risk of kidney and cardiovascular

disease (7).

GFR is considered the best overall index of kidney function and can be determined by the
measurement of exogenous (Cr-EDTA, lohexol, lothalamate) or endogenous serum markers.
Exogenous markers are impractical for routine clinical use due to their limited access, high cost
and duration of time required for the test. As a result, various prediction equations have been
developed that estimate GFR (eGFR) using endogenous markers (namely serum creatinine, but
also cystatin C): e.g. Cockcroft and Gault (C+G), the Modification of Diet in Renal Disease (4-v
MDRD) and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations (8, 9).
These equations are based on the measurement of serum creatinine which is influenced by
muscle mass, sex, and diet. The equations adjust for muscle mass by the incorporation of a factor
for sex and ethnicity. However, work from our center has shown that they perform better without

this ethnicity adjustment and remain inaccurate (10, 11).

In many resource limited settings (RLS) diagnostic services are centralized and inaccessible to
the majority of the population. To address this, the World Health Organization (WHO) has
mandated new clinical diagnostic tools that can function in settings with limited access to a
central laboratory. Point-of-care (POC) testing is testing conducted at or near the site of patient
care. It can provide results to a clinician without having to wait days or even hours for sample
transport and laboratory processing(12). Many POC tests have been designed for use in
developed countries, and their application may not be readily transferrable to RLS. For example,
in resource-replete emergency departments or intensive care units, the goal of POC testing is to

obtain immediate test results to help guide an emergent intervention. In RLS, POC testing is
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more applicable in outpatient clinics or mobile testing units; where the aim is to provide access
to care through early diagnosis. In these settings, POC testing expedites diagnostic testing
without requiring the services of a remote clinical laboratory. This accelerates treatment
initiation, increases access to next steps in care, and improves health outcomes. Patients with
NCDs will access healthcare facilities for prolonged periods- often lifelong, POC benefits these
patients not only in aiding diagnosis but also in ensuring more efficient follow-up with
actionable results available. POC testing also benefits healthcare providers by enabling them to
make decisions, initiate treatment, and make appropriate referrals in a single visit, rather than on
multiple visits; thus reducing workload. The development of POC tests for use in RLS has
primarily focused on infectious diseases that require prompt diagnosis and treatment, such as
HIV, tuberculosis, and malaria. For example, rapid HIV antibody tests are accurate and reliable,
and increase the proportion of people who receive their test results with early initiation of
treatment (13). Diagnosis of NCDs face similar barriers to infectious diseases, namely restricted
access to central laboratories, lack of awareness about the need for testing in persons with
minimal or no symptoms of disease, stigma, the high cost to patients of accessing clinic-based
testing (including travel and time away from work), and inadequate or non-existent primary care

services(14).

POC devices for the measurement of creatinine (with eGFR) and ACR are currently used in
hospitals and clinics; their potential benefit in RLS is of interest in the diagnosis of CKD.
Published studies of POC creatinine results compared to laboratory measured creatinine vary
depending on population, manufacturer and sample type: e.g. whole blood vs capillary (15). In a
study by Shephard et al. the Nova StatSensor was compared to IDMS traceable enzymatic

laboratory creatinine; using a cut-off of 130pumol/L sensitivity of 86.8% and specificity of 100%
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was reported, bias was however large at -47umol/L in this population (16). This large bias was
likely due to the poor concordance seen between devices and laboratory measured creatinine
when creatinine is markedly raised (>600 pumol/L) as seen in other studies (15, 17). At these high
creatinine values the clinical outcome or classification of patients into CKD staging may not be
affected by the relative inaccuracy of POC devices at such levels. In a similar study by Haneder
et al. of 401 patients in a radiology department the overall bias was 0 pmol/L (with 95% limits of
agreement between -35 and 35) (18). To our knowledge no studies exist comparing POC eGFR
to mGFR. A systematic review and meta-analysis in 2014 which reviewed 16 studies comparing
Clinitek and DCA POC ACR systems (both Siemens HealthCare Diagnostics) and Aution POC
ACR system (Arkray) to clinical laboratory ACR measurements showed combined sensitivity of
76% and combined specificity of 93% (19). This is in keeping with the conclusions drawn from
the McTaggart et al study that the Clinitek ACR POC system demonstrates good rule-out value
with relatively poor rule-in value (positive predictive value) (20). To date no studies have been
published looking at the Sysmex UC-1000 semi-quantitative ACR POC system. Better patient
outcomes with POC testing can be achieved even with decreased performance compared to
laboratory-based testing if POC testing ensures improved linkage to care and retention in

treatment (21).

Our study is nested within the larger study “Prevalence, Characterization and Response to
Chronic Kidney Disease in an urban and rural setting in South Africa” based in Agincourt,
Mpumalanga which aims to (i)determine the prevalence of CKD in a rural South African cohort
(i) establish an accurate method for estimating kidney function at community level in the South
African population and regionally, in conjunction with collaborating sister studies and (iii)

investigate the risk factors, including novel gene loci, for incident and progressive CKD in urban
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and rural South African cohorts. Our aim is to evaluate POC testing versus laboratory testing for
the diagnosis of CKD using creatinine measurement for the estimation of GFR and urine ACR

for the measurement of urinary albumin excretion.

Study Objectives

e To compare POC eGFR by MDRD and CKD-EPI equations with mGFR by iohexol
e To compare POC serum creatinine to laboratory serum creatinine

e To compare POC ACR to laboratory ACR

Methods

Study design: prospective analytical study.

Study setting: the study will be conducted at the Wits Agincourt site and at the Contract

Laboratory Services (CLS).

Study population: participants in the Agincourt cohort known with CKD (determined in previous

studies) will be included in the study.

Sample size: 1000 serum samples will be analyzed from participants who will be separated into
four groups based on eGFR: >90, 60 - 90; 45 — 59; and < 45. 650 urine samples will be obtained
from these participants as evenly distributed from the four groups as is possible. Method
comparison studies require a minimum of 40 samples which cover the measuring range of the
test, classically 40 — 100 samples are used (22, 23). Previous studies comparing POC urine ACR
to laboratory urine ACR with similar statistical tests applied have used sample sizes from 501 —

642 (20, 24, 25).

41



Participants will come in to the Agincourt site to have their GFRs measured using exogenous
iohexol following standard practices. Preceding iohexol infusion venous blood will be collected
by the attending nursing sisters in gel serum separator tubes for 1000 participants, a drop of
venous blood from this sample will be analyzed on a POC creatinine device (Abbott
Technologies iISTAT), additionally a fingerprick capillary sample will be collected and analyzed
on the Nova Biomedical StatSensor POC creatinine device, 400 samples using a drop of venous
blood will be analyzed on the Nova StatSensor. The Nova StatSensor and Abbot iISTAT both use
the enzymatic method with amperometric detection of the generated H20O- to determine
creatinine. Commercially available quality control samples will be analysed with each run. At
the same time a urine sample will be collected for ACR measurement from 650 participants. All
samples (urine and venous blood) will be centrifuged, the serum and urine samples will then be
stored at -80°C and shipped to Johannesburg monthly. The point of care creatinine results will be
recorded by the sisters and stored in the participant’s files. (See attached standard operating
procedures as appendices). Quality will be assessed and maintained by the regular performance
and recording of quality control samples which will be monitored. The Abbott iISTAT was
selected as it is widely used in clinics and hospitals throughout Gauteng, the Nova StatSensor
was selected due to its rapid action (within 30 seconds) and provision of an eGFR result, the

Sysmex UC-1000 was selected as no published studies have been done on this platform to date.

Serum creatinine will be run at CLS laboratory on a Cobas 501 (Roche Diagnostics, Mannheim)
by the kinetic Jaffe method which is traceable to isotope-dilution mass spectrometry reference
method. The laboratory creatinine results will be compared to the POC creatinine results. The
eGFR by POC (using the MDRD equation as well as CKD-EPI equations) will be compared to

the measured GFR obtained by iohexol method.
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The frozen urine samples will be transported to NHLS Charlotte Maxeke Johannesburg
Academic Hospital Laboratory. Samples will be thawed, mixed and separated; half of the sample
will be run on the laboratory Roche Cobas 8000 analyzer to determine laboratory albumin to
creatinine ratio (ACR), the other half of the sample will be analyzed with the Sysmex
Corporation POC ACR platform. The Sysmex corporation system is a semi-automated semi-
quantitative urine chemistry analyzer (UC-1000) which optically reads inserted test strips colour
changes. The laboratory ACR will then be compared to the POC ACR. Commercially available

quality control samples will be analyzed with each run to ensure quality.

Data Analysis

POC eGFR to mGFR

We will calculate the eGFR with the POC creatinine results using the following equations:

MDRD equation with and without the African American correction factor:

e eGFR (mL/min/1.73m? = 175 x [S-Cr (umol/L)]** x age (years) 2% x (0.742 if

female) x (1.212 if African American)

2009 CKD-EPI creatinine eGFR equation with and without the African American correction

factor:

e eGFR (mL/min/1.73m?) = 141 x min(Scr/x, 1)* x max(Scr /x, 1)+ x 0.993%% x (1.018

if female) x (1.159 if African American)

Note: Scr (umo/L), k = 61.9 (females) or 79.6 (males), a = -0.329 (females) or -0.411
(males), min = indicates the minimum of Scr/kx or 1, max = indicates the maximum of Scr/x

or 1, age = years
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Data will be expressed as mean + SD if parametric and median (interquartile range, IQR) if non-
parametric. Method comparison will be performed with Bland Altman bias plots and the
significance of the bias compared to mGFR will be tested with Wilcoxon match pairs signed
ranks test. Deming regression will be used to calculate the correlation coefficients and coefficient
of determination will be calculated. Calculation of mean percentage bias, standard deviation of
the difference and 95% limits of agreement will be performed as well as accuracy within 10%
(P10) and accuracy within 30% (P30) of mGFR. Receiver operating characteristics (ROC) curve
analysis will be assessed for the sensitivity and specificity to correctly predict eGFR<90 and <
60 ml/min/1.73m? and misclassification of patients around these levels with eGFR identified. All
data will be assessed for normality using Shapiro-Wilk test. A p value of <0.05 is considered
significant. If appropriate a correction factor will be determined for POC eGFR to better reflect

MGFR.

POC creatinine to laboratory creatinine (serum)

Method comparison for creatinine performance on POC instruments versus laboratory creatinine
will be conducted using CLSI EP9 protocol (26), bias will be analysed using Bland Altman plots,
Deming (weighted) regression will be used to calculate the correlation coefficient and co-

efficient of determination will be calculated.

POC ACR (Urine) to laboratory ACR

Urine analysis for albumin and creatinine will be performed on a Cobas 8000 (Roche
Diagnostics) from which ACR will be calculated as the laboratory gold standard or reference
method to which the POC methods will be compared. The POC device classifies ACR

(mg/mmol) into 1 of 3 groups: normal (<3.4), microalbuminuria (3.4 — 33.9), and
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macroalbuminuria (>33.9). Any urine sample that is too dilute to obtain an ACR by POC or

laboratory ACR will be excluded from the study.

Laboratory ACR > 3.4mg/mmol will be considered as positive, whilst values <3.4mg/mmol will
be considered as negative. For POC testing: samples in the groups of 3.4 — 33.9mg/mmol or
>33.9mg/mmol will be considered positive, whilst samples falling in the <3.4mg/mmol group
will be considered negative by point of care method. The prevalence of albuminuria, sensitivity,
specificity, positive and negative predictive values, and likelihood ratios of the point of care

system will be calculated using standard approaches. ROC curve analysis will be performed.

Research outputs

1) The research report will go towards the requirement of obtaining a Master of Medicine:
Chemical Pathology degree for Dr SD Currin

2) The findings of the research will guide the use of POC devices for the diagnosis of
patients with CKD, especially in RLS

3) The publication of findings in a peer reviewed journal

Ethical consideration

Ethics has been approved by the Human Research Ethics Committee (Medical) of the University
of Witwatersrand for the parent study to which this research is attached, clearance certificate

number M160937. Individual ethical clearance has been applied for through the same committee.

Timin

Feb | Mar | Apr | May | Jun | Aug | Oct | Dec
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‘19

‘19

‘19

‘19

and

Jul

‘19

and
Sep

‘19

and

Nov

‘19

’19

Preparation

Literature review

Prepare protocol

Submit to MMed committee for

assessment

Submit application for ethical clearance

Study phase

Sample and data collection

Sample analysis

Data analysis

Writing of report

Funding

Kits will be provided for the study from the different point of care manufacturers, including

quality control materials and strips.

Costs:

1) Laboratory analysis:

e Urine albumin R73.38/ sample
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e Urine creatinine R30.35/ sample
e TOTAL for ACR: R103.73/ sample

e Therefore total cost for 650 ACR samples= R67 424.50

2) Publication cost: R15 000

3) Travel costs (present at local and international conferences) R25 000

TOTAL: R107 424.50

An application for funding has been applied for through the Medical Faculty Research
Endowment Fund. Additional funding will also be applied for through the NHLS Research Trust

Development Grant.

Problems

All urine samples are coming from participants with some degree of CKD, as such the
distribution of ACR results cannot be guaranteed. There may be fewer than desired ACR in each

range.

The POC creatinine results are being compared to laboratory creatinine (Jaffe method) results.
Although the Jaffe method is traceable to isotope dilution mass spectrometry reference method,

the preferred method for the laboratory creatinine results is the enzymatic method.

No international reference method currently exists for urine aloumin, although various groups
are working on the harmonization of this analyte. As such bias in the laboratory urine albumin

results cannot be excluded.

Resources
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Appendix

SOP: LABORATORY, NURSES AND FIELDWORKERS

POINT OF CARE: QC PROCEDURE FOR THE NOVA STAT SENSOR FOR CREATININE
MEASUREMENT

SITE AGINCOURT — SOUTH AFRICA

TITLE Point of Care: QC for the NOVA STAT SENSOR for creatinine
measurement

VERSION 1.0

DIVISION Phase 2: ARK Laboratory Staff

PURPOSE To ensure that procedures for the QC for the NOVA STAT
SENSOR are followed in Phase 2 of the ARK Study

CONTENTS 1.0 PURPOSE and SCOPE

2.0 RESPONSIBILITIES AND SAFETY
3.0 EQUIPMENT
4.0 PROCEDURE

WRITTEN BY June Fabian
APPROVAL NAME SIGNATURE | DATE
June Fabian

Mwawi Gondwe

Busisiwe Mayindi

Shingirai Chipungu

1.0 PURPOSE AND SCOPE
To describe the use of the NOVA STAT SENSOR portable handheld analyzer used to analyze
capillary and venous blood for creatinine and eGFR at the point of care.

The NOVA STAT SENSOR analyzer contains a microprocessor that performs all calculations for
reporting results. Results are displayed numerically with the appropriate units.

The aim of the procedure is to ensure that appropriate validation of the creatinine measurement
using the NOVA STAT SENSOR analyser allows for comparison to:

e Serum creatinine as measured by CLS
e Measured GFR, as measured by the NHLS research laboratory and the
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¢ Depending on the results above, this would allow for correlation and development of an
appropriate correction factor for eGFR with the NOVA STAT SENSOR point of care
device.

2.0 RESPONSIBILITIES AND SAFETY

It is the responsibility of the Agincourt Research Laboratory Manager to ensure that equipment
is appropriately cleaned, maintained in good working order, and available for research
personnel as requested.

It is the responsibility of the principal investigator and managerial staff to ensure that all
research and technical staff are adequately trained to use the NOVA STAT SENSOR system.

All sterile procedures, as per standard laboratory practice and according to standard universal
precautions for nurses must be followed during this procedure.

3.0 EQUIPMENT

Ensure all the required materials are available
¢ Non-sterile gloves
e NOVA STAT SENSOR test strip
e NOVA STAT SENSOR machine (must be charged)
e NOVA STAT SENSOR QC vials — level 1 and 3
e Recording sheets

4.0. PROCEDURE

The QC procedure will be performed each morning prior to commencement of testing of ARK
participants: QC level 1 (low levels of creatinine) and level 3 (high levels of creatinine). The QC
level 1 and 3 testing will be done every alternate day, i.e. Level 1 on day 1, level 3 on day 2,
except for when a new container of test strips is opened, in which case, both level 1 and 3 will
be conducted on the same day — which is the day of issue of the new container to the research
team.

About the machine and the test strips

e The NOVA STAT SENSOR machine will be stored in the Agincourt Research Laboratory
(ARL)

e Each morning, before commencement of the study procedures, the nurses and
fieldworkers will fetch the NOVA STAT SENSOR machine from the ARL and the machine
will be returned at the end of each day.

e The nurses and fieldworkers will check that NOVA STAT SENSOR has been charged
overnight and is in good working order. If not, this will be reported to the ARL manager,
and the Project Site Manager (PSM)
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Only fresh blood samples can be used with the NOVA STAT SENSOR.

The fieldworkers will perform a capillary blood specimen at the time of the arrival of all
participants — before iohexol is administered

The nurses will use a drop of venous blood, taken as part of the baseline bloods before
iohexol is administered

The specimen should be collected carefully, handled properly to ensure accurate results
and tested immediately for the most accurate results.

Test strips are stored in the fridge between 2-8 degrees Celsius in the ARL fridge. They
must not be frozen.

The test strips will be stored at room temperature by the nurses and the fieldworkers
after they have been issued by the ARL.

Once opened, the test strips can be stored at room temperature for 90 days. The test
strip container must be closed as soon as the test strip has been removed for testing.

About the QC testing material

The manufacturer has supplied level 1 and level 3 creatinine vials for testing

These vials need to be stored between 2 — 8 degrees Celsius — even after they have
been opened

When performing the QC procedure, remove from the fridge, perform the test, and

place back into fridge as soon as the procedure is completed

QC Procedure for Level 1 and Level 3

Switch the machine on
At the bottom of the screen, touch the “login”
The red bar at the top will ask you to “Enter operator ID”

To enter your operator ID, touch the screen, entering your 3 digit operator ID and then
press the small green “accept” sign at the bottom of the screen

The red bar at the top will ask say “Patient Test”

On this screen, at the bottom, you will see "QC" - touch the “QC” box to select the QC
test, then press the small green “accept” sign at the bottom of the screen

The red bar at the top will ask you to enter “Strip Lot”

At the bottom left of the screen, touch the “erase” sign (this will remove the test strip
number from the least test that was performed)

Then, at the bottom left of the screen, touch the “scan” sign and line up the horizontal
red line of the scanner with the middle of the barcode to scan it

Once the number is scanned, it will appear at the top of the screen — check that the
number on the screen corresponds with the lot number next to the barcode on the test
strip container, and then press the small green “accept” sign at the bottom of the screen
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e The red bar at the top will ask you to “Enter QC lot”

e Then, take the level 1 QC vial, touch the “scan” sign and line up the horizontal red line
of the scanner with the middle of the barcode on the level 1 QC vial to scan it

e Once the number is scanned, it will appear at the top of the screen — check that the
number on the screen corresponds with the lot number next to the barcode on the test
strip container, and then press the small green “accept” sign at the bottom of the screen

e Then insert the creatinine test strip, with the white part at the top — and apply one drop
of the level 1 QC liquid

e The test strip must fill completely. If the test strip does not fill completely, do
not touch the test strip to add more liquid, discard the test strip and repeat
the test with a new strip.

e In 30 seconds the results will display on the screen as Creat, with a value in umol / L
e Please record this on the QC logging sheet

o If out of range, please inform the Agincourt Laboratory Manager, who will then inform
the PI of the study.

e The machine will now be ready for the next test

¢ Repeat all the above procedures using the level 3 QC vial for the second component of
the QC

REFERENCE RANGES FOR CREATININE QC FOR THE NOVOSTAT SENSOR

o Level 1: low creatinine (umol/L): 44 — 84 — 124 range
Using this QC material, this is interpreted as: lowest acceptable level is 44umol/L;
highest acceptable level is 124umol/L and mean is 84umol/L. If the level recorded by
the device is out of range is lower than 44 or higher than 124, then this must be
reported to the laboratory manager and the PI of the study

e Level 3: high creatinine (umol/L): 398 — 530 — 663 range
Using this QC material, this is interpreted as: lowest acceptable level is 398umol/L;
highest acceptable level is 663umol/L and mean is 530umol/L. If the level recorded by
the device is out of range i.e. lower than 398 or higher than 663, then this must be
reported to the laboratory manager and the PI of the study.

Full Name Operator ID for the NOVA STAT
SENSOR machine
Shingirai Chipungu 001
Bongekile Khoza 002
Conrad Mogane 003
Phumzile Dlamini 004
Florah Sihlangu 005
Nontsikeleko Patients Mahime 006
Fortunate Ngobeni 007
Busisiwe Mayindi 008
Mwawi Gondwe 009
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June Fabian 010
Nyiko or Bianca 011
SIGNATURES

This signature page indicates that you have read and understood this SOP.

Full Name

Role in the study Signature

Date
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POINT OF CARE: QC PROCEDURE FOR THE i-STAT SENSOR FOR CREATININE
MEASUREMENT
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TITLE Point of Care: QC for the —=STAT blood analyser for
creatinine measurement

VERSION 1.0
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PURPOSE To ensure that procedures for the QC for the i-STAT blood
analyser are followed in Phase 2 of the ARK Study

CONTENTS 5.0 PURPOSE and SCOPE

6.0 RESPONSIBILITIES AND SAFETY
7.0 EQUIPMENT
8.0 PROCEDURE

WRITTEN BY June Fabian
APPROVAL NAME SIGNATURE DATE
June Fabian

Mwawi Gondwe

Busisiwe Mayindi

Shingirai Chipungu

3.0 PURPOSE AND SCOPE
To describe the use of the i-STAT blood analyser portable handheld analyzer used to analyze
capillary and venous blood for creatinine and eGFR at the point of care.

The i-STAT blood analyser contains a microprocessor that performs all calculations for reporting
results. Results are displayed numerically with the appropriate units.

The aim of the procedure is to ensure that appropriate validation of the creatinine measurement
using the i-STAT blood analyser allows for comparison to:

e Serum creatinine as measured by CLS
e Measured GFR, as measured by the NHLS research laboratory and the
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¢ Depending on the results above, this would allow for correlation and development of an
appropriate correction factor for eGFR with the i-STAT blood analyser point of care
device.

4.0 RESPONSIBILITIES AND SAFETY

It is the responsibility of the Agincourt Research Laboratory Manager to ensure that equipment
is appropriately cleaned, maintained in good working order, and available for research
personnel as requested.

It is the responsibility of the principal investigator and managerial staff to ensure that all
research and technical staff are adequately trained to use the i-STAT blood analyser.

All sterile procedures, as per standard laboratory practice and according to standard universal
precautions for nurses must be followed during this procedure.

3.0 EQUIPMENT

Ensure all the required materials are available
¢ Non-sterile gloves
e -STAT blood analyser cartridge
e i-STAT blood analyser machine (must be charged)
e |-STAT blood analyser QC vials — level 2
e Recording sheets

4.0. PROCEDURE

The QC procedure will be performed once weekly: QC level 2 creatinine.

About the machine and the test strips
e The i-STAT blood analyser will be stored in the Agincourt Research Laboratory (ARL)

e Each morning, before commencement of the study procedures, the nurses and
fieldworkers will fetch the i-STAT blood analyser from the ARL and the machine will be
returned at the end of each day.

e The nurses and fieldworkers will check that i-STAT blood analyser has been charged
overnight and is in good working order. If not, this will be reported to the ARL manager,
and the Project Site Manager (PSM)

e Only fresh blood samples can be used with the i-STAT blood analyser.

e The fieldworkers will perform a capillary blood specimen at the time of the arrival of all
participants — before iohexol is administered

57



The nurses will use a drop of venous blood, taken as part of the baseline bloods before
iohexol is administered

The specimen should be collected carefully, handled properly to ensure accurate results
and tested immediately for the most accurate results.

Test strips are stored in the fridge between 2-8 degrees Celsius in the ARL fridge. They
must not be frozen.

The test strips will be stored at room temperature by the nurses and the fieldworkers
after they have been issued by the ARL.

Once opened, the test strips can be stored at room temperature for 90 days. The test
strip container must be closed as soon as the test strip has been removed for testing.

About the QC testing material

The manufacturer has supplied level 2 creatinine vials for testing

These vials need to be stored between 2 — 8 degrees Celsius — even after they have
been opened

When performing the QC procedure, remove from the fridge, perform the test, and
place back into fridge as soon as the procedure is completed

For the QC vial that has been opened, cover with tape when returning to the fridge until

the contents of the vial have been used

QC Procedure for Level 2

Switch on the i-STAT blood analyser (bottom right button)

Press "MENU" — bottom left button

Press option “3” for Quality tests

Press option “1” for Control tests

Enter your operator ID

Confirm your operator ID by entering a second time

Scan the level 2 control lot number

Scan the test cartridge lot number

Remove the test cartridge from the packaging

Place the test cartridge on a flat surface

Use a pipette tipped syringe to add 95ul to the test cartridge sample well
Insert the test cartridge into the device

Record the creatinine (umol/L) on the i-STAT QC logging sheet

NB: Do not attempt to remove the cartridge while it is running the test

REFERENCE RANGES FOR CREATININE QC FOR THE i-STAT SENSOR

Level 2: for LOT 311103
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These have been received from the manufacturer (see separate document)

Creatinine (umol/L): mean = 88; minimum = 53; maximum 124

Full Name Operator ID for the i-STAT blood
analyser
Shingirai Chipungu 001
Bongekile Khoza 002
Conrad Mogane 003
Phumzile Dlamini 004
Florah Sihlangu 005
Nontsikeleko Patients Mahime 006
Fortunate Ngobeni 007
Busisiwe Mayindi 008
Mwawi Gondwe 009
June Fabian 010
Nyiko or Bianca 011
SIGNATURES

This signature page indicates that you have read and understood this SOP.

Full Name Role in the study Signature Date
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HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M190434

NAME: Dr Sean Currin
(Principal Investigator)
DEPARTMENT: School of Pathology, Chemical Pathology

Agincourt Study Site, Mpumalanga

PROJECT TITLE: The use of point of care testing for the diagnosis of
chronic kidney disease
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Abstract

Introduction: The prevalence of chronic kidney disease is rising rapidly in low- and middle-income

countries. Serum eatinine and estimation of glomerular filtration rate (GFR) are critical diagnostic
tools, yet access to centralised laboratory services remains limited in primary care resource-limited
settings. The aim of this study was to evaluate point-of-care (POC) technologies for serum creatinine
measurement and to compare their performance to a gold standard measurement using iohexol

mGFR.

19
Methods: POC creatinine was measured using iSTAT® and StatSensor® devices in capillary and
4
venous whole blood, and laboratory creatinine was measured using the compensated kinetic Jaffe

method in 670 participants from a rural area in South Africa. GFR estimating equations (CKD-EPI and

MDRD) for POC and laboratory creatinine were compared to iohexol mGFR.

Results: Calculated GFR for laboratory and POC creatinine measurements overestimated GFR
(positive bias of 1.9 - 34.1ml/min/1.73m?). However, all POC devices had less positive bias than the
laboratory Jaffe method (1.9 - 14.7 vs 34.1 for MDRD, and 8.4 — 19.9 vs 28.6 for CKD-EPI). Accuracy
within 30% of mGFR ranged from 0.56 —0.72 for POC devices and from 0.36 — 0.43 for the laboratory
Jaffe method. POC devices showed wider imprecision with coefficients of variation ranging from 4.6 -

10.2% compared to 3.5% for the laboratory Jaffe method.

Conclusion: POC eGFR showed improved performance over laboratory Jaffe eGFR, however POC
devices suffered from imprecision and large bias. The laboratory Jaffe method performed poorly,

highlighting the need for laboratories to move to enzymatic methods to measure creatinine.

Keywords: Point-of-care, creatinine, chronic kidney disease, eGFR, iohexol mGFR, LMICs
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Introduction

Chronic kidney disease (CKD) has a prevalence of 10.7% in sub-Saharan Africa, and is associated with
significant morbidity and mortality [1]. Low- and middle-income countries (LMIC) suffer a
disproportionate mortality associated with CKD when compared to high-income countries [2].
Therefore, screening strategies that aim to identify patients with early stages of CKD in primary care

settings and ideally, prevent progression of CKD, are of profound importance.

Glomerular filtration rate (GFR) is nsidered the best overall index of kidney function and is an
important criterion in the diagnosis and staging of CKD [3]. R cannot be quantitated directly.
However, it can be assessed by the measurement of exogenous (Inulin, Cr-EDTA, lohexol,
lothalamate) or endogenous markers [4]. Exogenous markers are impractical for routine clinical use
due to their limited access, high cost and duration of time required for testing. timated GFR (eGFR)
equations based on endogenous markers and additional @:tors, such as age and sex, are
recommended for the routine assessment of kidney function [3]. The creatinine based gronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) and Modification of Diet in Renal Disease

(MDRD) equations are the most commonly used [5]. The 2009 CKD-EPI creatinine equation is

recommended for use in adults [9

In resource limited settings a lack of access to central laboratory services hinders the ability to
implement effective CKD screening programs. Even when central laboratory services are available,
logistical factors in primary health care clinics can impact the accuracy of creatinine measurements,
such as sub-optimal storage of collected samples and delays in transport to the central laboratory
[6]. Point-of-care (POC) testing offers an important solution to this problem by offering access to
actionable results in real-time for clinical decision making [7]. While the 2012 KDIGO guidelines
recognise that limited laboratory access is a problem, they fall short of recommending POC testing in

such settings [8].
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%e aim of our study was to evaluate the performance of POC creatinine by comparing eGFR
equations to iohexol measured GFR (mGFR), and to compare this performance with that of
laboratory eGFR. Additionally, we looked at the performance of the MDRD and CKD-EPI equations

for these different creatinine measurements.
Methods

4]

Our study formed partgche African Research on Kidney (ARK) study, which aimed to determine the
population prevalence of CKD and associated risk factors in three sub-Saharan African countries,
Malawi, South Africa, and Uganda. Detailed methods for the ARK study have been published [9]. The

South African component was conducted in the Agincourt Health and Demographic Surveillance Site

in Bushbuckridge, a ruralﬂ-district of the Mpumalanga province in South Africa.

Participants from the community were invited to participate in this second phase of the study, to
measure GFR using intravenous iohexol. The initial study comprised a population-based sample of
2021 adults aged 20-80 years to determine CKD prevalence and investigate associated risk factors.
For the ichexol study, we stratified a subsample of the main study by sex and eGFR to ensure

adequate sampling across all stages of CKD.

Measured GFR was determined by plasma excretion of iohexol. A five-millilitre bolus of intravenous

iohexol (Omnipaque™, GE Healthcare, lllinois) was administered in the antecubital fossa of one arm,
followed by repeat plasma sampling from the antecubital fossa of the contralateral arm after 5, 120,
180 and 240 minutes. Prior to iohexol administration a baseline venous blood sample was obtained,
which was used for real-time testing with the iSTAT® (Abbott Laboratories, lllinois) and StatSensor®
(Nova Biomedical Corporation, Massachusetts) POC devices. At the same time, a capillary blood
sample taken from a fingerprick was also analysed on the StatSensor® POC device. There were no

adverse events related to the intravenous administration of iohexol.
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On the day of iohexol testing, for each participant, samples for creatinine and iohexol were
refrigerated (2 — 8°C) until all participants for the day had been processed (usually by 15h00), after
which all samples were centrifuged at 2000G for 10 minutes. Samples were stored and transported

at -80°C to a central laboratory for iohexol and laboratory creatinine measurements.

ﬁasma concentrations of iohexol were determined using ultraperformance liquid chromatography
with tandem mass spectrometry using a published method [10] in an I1SO 15189 accredited
laboratory which participates in the EQUALIS external quality assurance programme for iohexol
(Uppsala, Sweden). The calibration curve and internal standard were determined with certified
reference materials for iohexol (CRM: USP H0J211) and ioversol (CRM: USP 34510F), respectively.
Internal quality control was prepared using the iohexol certified reference material and EQUALIS
samples were included in every run as an additional quality check. The slope-intercept method using
the 120, 180 and 240 time points (during the second exponential phase of iohexol elimination) was
used to calculate mGFR by plotting iohexol concentration against time [11]. mGFR results were then

corrected for body surface area [12].

Laboratory creatinine was determined in a central laboratory using an isotope dilution mass

spectrometry (IDMS) traceable compensated kinetic Jaffe method (Cobas c500%, Roche Diagnostics,
Mannheim). POC creatinine was measured at the time of collection in venous whole blood on the
iSTAT® and in venous whole blood and capillary blood on the StatSensor®, both POC devices make
use of enzymatic amperometric method with an enzyme cascade reaction. Laboratory creatinine
was monitored with internal and external quality control schemes, while POC creatinine was

monitored with internal quality control. Inter-day coefficients of variation (CV)s were determined by

assessing the variation in quality control materials over the period of the study.

Statistical analysis was performed using Tibco Statistica® (version 13.5.0.17, United States) and
MedCalc® (version 19.2.1, Belgium). POC creatinine was compared to laboratory creatinine using

Passing-Bablok regression and Bland-Altman agreement. ?stimated glomerular filtration rate (eGFR)
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was calculated according to the IDMS-traceable MDRD equation and the 2009 CKD-EPI equation. All
subsequent eGFR results are presented without the African-American coefficient applied, based on
prior studies [13,14] demonstrating that inclusion of the coefficient overestimates GFR in sub-
Saharan Africans. eGFR was compared to mGFR with Passing-Bablok regression, Spearman rank
correlation coefficient (r) and Lin’s concordance correlation coefficient were determined. Bias was
defined as the median of individual differences between eGFR and mGFR, while imprecision was
defined as the interquartile range (IQR) of the differences between eGFR and mGFR. Outliers were
excluded if their residuals lay outside of 2.5 standard deviations on initial Passing-Bablok regression
[15,16]. Accuracy within 30% of mGFR (P30) was calculated. The ability of the eGFR equations to
correctly classify mGFR: <60, 60 — 89, and 290mL/min/1.73m? (corresponding to KDIGO GFR
categories for CKD of G3-5, G2 and G1, respectively) was calculated. Differences between the

laboratory and POC devices were tested using the exact McNemar test. Results were considered

statistically significant if p < 0.05.

Repeat analysis with laboratory laffe creatinine adjusted by a factor of +9.0umol/L was performed
(Supplementary Table 51). This adjustment was based on an inter-site calibration study performed

within the larger ARK study comparing laboratory Jaffe creatinine methodology performed in South

Africa and Malawi with an enzymatic laboratory creatinine method in Uganda.

Results

Study population

Figure 1 depicts the flow of participants through the study. All participants were Black African adults
with a broad spectrum of kidney function. eGFR equations for laboratory and POC creatinine

overestimated GFR when compared to mGFR, except in the 290mL/min/1.73m? group where a
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mixed picture was seen (Table 1). Mean POC eGFRs showed less overestimation compared to mGFR

than the mean laboratory eGFRs.

POC vs laboratory creatinine

All three POC creatinine devices showed positive bias compared to laboratory creatinine with Bland-
Altman agreements of 17.4 + 15.3, 9.4 £ 6.3, and 15.1 + 13.0 umol/L for StatSensor® capillary,
iSTAT®, and StatSensor® venous respectively. Passing-Bablok regression analysis yielded
proportional errors (slope) of: 1.45 (%CI: 1.33 t0 1.57),1.16 (95%Cl: 1.13 to 1.20),and 1.17
(95%Cl: 1.03 to 1.33); constant errors (y-intercept) of: -7.68 (95%Cl: -14.43 to -1.33), 0.16 (95%Cl: -
2.20 to 2.13), and 6.50 (95%Cl: -2.33 to 14.58); and Spearman rank correlation coefficients (r) of:
0.57 (95%9: 0.52 to 0.62) (p<0.0001), 0.92 (95%Cl: 0.91 to 0.93) (p<0.0001), and 0.65 (95%Cl: 0.57

to 0.72) (p<0.0001) for StatSensor® capillary, iSTAT®, and StatSensor® venous respectively. (Figure 2)

eGFR (using POC creatinine and laboratory creatinine) vs mGFR

Passing-Bablok regression demonstrated that all eGFR equations using POC and laboratory
creatinine measurements suffered from proportional and constant error when compared to mGFR.
The largest constant error was seen in laboratory creatinine eGFR using the CKD-EPI equation whilst
the smallest constant error was seen in StatSensor® capillary creatinine eGFR using the MDRD
equation (y-intercept: 62.76 vs 3.91). StatSensor® capillary creatinine eGFR using the MDRD
equation showed the least proportional error, while laboratory creatinine eGFR using the CKD-EPI
equation showed the most proportional error (slope: 1.01 vs 0.59). MDRD eGFR showed less
proportional and constant error than the CKD-EPI eGFR for all POC and laboratory creatinine
measurements. All POC creatinine eGFR measurements, except for iSTAT® MDRD, showed less
proportional and constant error than the respective laboratory creatinine eGFR equations.
Additionally, Lin’s concordance correlation coefficient showed improved accuracy for the POC eGFR

measurements over the respective laboratory eGFR equations. (Table 2, Figure 3 and Figure 4)
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Bias and precision

All calculated eGFR equations by POC creatinine or laboratory creatinine measurements showed
positive bias compared to mGFR when looking at the all mGFR values category. Less bias was
observed forg MDRD equation compared to the CKD-EPI equation for all POC creatinine
measurements, except in the mGFR >90mL/min/1.73m? group where a mixed picture was seen. The
observed biases for POC MDRD eGFR ranged from 1.9 #33.5 to 14.7 + 32.0mL/min/1.73m?, and for
POC CKD-EPI eGFR from 8.4 + 31.0 to 19.9 + 28.5mL/min/1.73m? when looking at the all mGFR
values category. For each calculated eGFR equation, the largest bias was observed with laboratory

creatinine with all POC devices yielding less bias than the laboratory. (Table 3)

Inter-day CVs varied for the different creatinine measuring devices, the iSTAT® gd aCVof59%ata
level of 88umol/L, the two StatSensor devices had CVs of 7.4% and 10.2% at 84pumol/L and CVs of
4.6% and 5.5% at 530 pmol/L, while the laboratory Jaffe assay had a CV of 3.5% at both levels of
89.3umol/L and 342umol/L. When looking at IQRs, the MDRD equation showed less imprecision at a
mGFR <60mL/min/1.73m? for all POC measurements, at mGFR =60mL/min/1.73m? the CKD-EP|
equation showed the least imprecision. However, for laboratory eGFRﬁ CKD-EPI equation showed
less imprecision across all mGFR categories. When comparing POC eGFR imprecision to that of
laboratory eGFR a mixed picture was seen, all methods suffered from imprecision; when the CKD-EPI
equation was utilized the laboratory showed the least imprecision, however when the MDRD
equation was utilized POC (generally the iSTAT device) showed the least imprecision. Capillary

sampling with the StatSensor device showed the highest levels of imprecision except in the mGFR

<60mL/min/1.73m? category. (Table 3)

Accuracy

Overall, the P30 for the POC and laboratory creatinine eGFR equations ranged from 36 —72%. All
P30s showed improved accuracy with increasing mGFR. Below 90mL/min/1.73m? the MDRD eGFR

showed greater accuracy (higher P30s) than the CKD-EPI eGFR in all POC and laboratory creatinine
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measurements, above 90mL/min/1.73m’ the CKD-EP| eGFR showed greater accuracy. In the
different mGFR groups, POC P30s continued to show improved accuracy compared to laboratory
P30s (Table 3). When serum creatinine was adjusted by a factor of +9.0umol/L improved P30s
ranging from 62 —71% were seen. Additional analysis using the revised Lund-Malmé equation
yielded P30s ranging from 58 — 80% with improvement noted for POC devices and laboratory results.

(Supplementary Table S1).

The percentage of total samples correctly classified intoﬁ eGFR groups of <60, 60-89 and
>90mL/min/1.73m? ranged from 41.7% (95%Cl: 38.0 — 45.6) to 52.8% (95%Cl: 45.9 — 59.7). The POC
creatinine eGFR equations correctly classified more samples into the correct eGFR groups than the
respective laboratory creatinine equations, although the laboratory equations showed improved
performance in the mGFR >90mL/min/1.73m? group. Below 90mL{min/1.73m2the MDRD equation

correctly classified more samples than the CKD-EPI equation, above 90mL/min/1.73m? the CKD-EPI

equation correctly classified more samples. (Table 4)

Discussion

In this study we used iohexol mGFR to evaluate the clinical utility of the iISTAT® and StatSensor® POC
devices that measure creatinine and subsequently estimate kidney function using eGFR.
Additionally, we evaluated the;g.érformance of the MDRD and CKD-EPI equations and compared the
performance of the POC devices to that of laboratory Jaffe creatinine. Despite falling well short of
the 90% of eGFRs within 30% of mGFR goal [17], POC eGFR showed improved accuracy compared to
laboratory Jaffe eGFR when screening for CKD in a resource limited setting. All current eGFR

estimating equations performed poorly in our study sample.

A number of studies [18-21] have shown the utility of the iSTAT® and StatSensor® POC devicesg
the diagnosis of acute kidney injury. Our study showed more bias compared to laboratory creatinine

than these studies possibly due to differences in laboratory creatinine methods. Studies with less
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bias [18-21] used the enzymatic method while studies which used the IDMS traceable Jaffe method,
including our own, showed more bias [22]. We found the iSTAT® device showed less imprecision

than the StatSensor® device, consistent with previous studies [18,19].

Comparison of POC eGFR to iohexol mGFR showed greater bias and inaccuracy than a previous study
[23] from Belgium, which found a bias of 0.1 + 17.6mL/min/1.73m? with a P30 of 81% for
StatSensor® capillary eGFR (CKD-EPI). Our P30 values for POC devices were low, and varied across
the range of GFR, with the worst performance at low GFR. Bukabau et al [13] reported a similarly

low P30 of 31.3% in an African population with mGFR<60mL/min/1.73m? for the MDRD and CKD-EPI

equations, with a laboratory enzymatic creatinine method.

It has been shown that serum creatinine suffers from significant positive bias when there is a delay
in sample separation of 24 hours, this is true for Jaffe but not enzymatic methods [6,24]. In our study
POC creatinine measurements were performed in real-time, while laboratory creatinine
measurements were performed on samples with a maximum delayed separation of between 8 and 9
hours utilising an IDMS traceable Jaffe method. This delay is not expected to have significantly
influenced results, although if present a positive bias on laboratory creatinine with lowered eGFR
would be expected (the opposite pattern from what was observed in our laboratory samples).
Importantly in LMIC, these methodological and pre-analytical factors are common in clinical practice.
For example, in South Africa, samples from rural areas are transported to central laboratories and
only processed 12 — 72 hours post collection [6] and the Jaffe method is used in all but a few large
urban centres due to cost considerations [25] - despite an initiative for all laboratories to use the
enzymatic method [26]. The IDMS traceable Jaffe method has been shown not to reach the desirable
specifications ofﬁe Laboratory Working Group of the National Kidney Disease Education Program
[27]- nevertheless, it is commonly used with BS%QStudies from sub-Saharan Africa which reported

creatinine methodology making use of the Jaffe method [28].

10
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In LMIC the potential public health benefits associated with POC screening for early detection and
monitoring of CKD is an exciting possibility. Despite the bias and imprecision seen in POC eGFRs,
these devices showed improved performance compared to laboratory Jaffe eGFR. The performance
of POC devices to detect eGFR in the range 60 — 89mL/min/1.73m? is of particular interest. With
limited access to renal replacement therapy for severe kidney disease, it is advantageous to detect
individuals with early disease who may benefit from renal protective measures. There was improved
accuracy inthis area compared to laboratory Jaffe measurements, as well as compared to

measurements below 60mL/min/1.73m?. Nevertheless, the large bias, imprecision and

misclassifications mean that results remain inaccurate with current eGFR estimating equations.

Enzymatic methods are more specific for creatinine than Jaffe methods which are vulnerable to

interference from numerous substances including proteins, glucose and ketone bodies [29]. Various
assay techniques such as kinetic reactions and compensated assays are used to improve specificity.
The laboratory assay used in our study was an IDMS traceable compensated kinetic Jaffe assay.
Compensated assays assume a fixed concentration of non-specific interferences which are
subtracted from the total creatinine value, bias will be introduced if this assumption is incorrect
[30,31]. The positive bias for creatinine which the enzymatic POC devices demonstrated compared
to the laboratory Jaffe assay may reflect overcompensation of the Jaffe assay in our population.
When laboratory creatinine results were adjusted by a factor of +9.0umol/L resulting eGFR
equations showed similar P30s to that obtained for POC (Supplementary Table S1). Ideally all
laboratories should move to enzymatic methods for the measurement of creatinine, while
compensated Jaffe equations should be used with caution especially if this compensation has not
been validated in a particular population. The poor performance of the laboratory Jaffe assay in our

study may reflect overcompensation of the Jaffe method in our population.

Our study focussed primarily on accuracy; however, imprecision makes an equally important

contribution to analytical variation. Jaffe methods are known with higher imprecision than

11
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enzymatic methods [27,32,33]. The inter-day CVs of the POC creatinine devices were greater than
that seen with the laboratory Jaffe assay. This high imprecision with POC assays, despite the use of
enzymatic methodology, is an important distinguishing factor between laboratory and POC testing
[34]. High levels of imprecision may result in total error that hinders the interpretation of creatinine

and subsequent eGFR [32].

The ability of the CKD-EPI equation to quantify GFR above 60mL/min/1.73m? offers significant

advantages over the MDRD equation and avoids classifying patients based on a GFR cut-off which
dichotomises all measurements [5,35]. In keeping, we found the MDRD equation to suffer from
greater imprecision above a mGFR of 60mL/min/1.73m?. Despite these apparent short-comings, we
were surprised by the improved accuracy of the MDRD equation with higher P30s and sensitivities

6]
up to a mGFR of 90mL/min/1.73m? compared to the CKD-EPI equation.

In keeping with other studies from sub-Saharan Africa [13,14] we found a positive bias when using
the African-American coefficient for the MDRD and CKD-EPI equations, and both led to substantial
overestimation of GFR (Supplementary Figures S1 and SZ).%& revised Lund-Malmo equation
outperformed the MDRD and CKD-EPI equations (Supplementary Table S1), suggesting that a new
equation developed from an African population group may further improve performance. Despite
the improved performance seen with the revised Lund-Malmo equation it remains rarely used in

sub-Saharan Africa.

POC devices have the potential to provide immediately actionable results and mitigate pre-analytical
errors, such as delay in separation commonly seen in LMIC. The iSTAT® utilises venous whole blood
while the StatSensor® can be used with capillary and venous whole blood. Capillary sampling offers
added benefit by eliminating the need for phlebotomy skills, and is preferred by patients [36].
Capillary sampling showed improved performance over corresponding laboratory creatinine,

however it showed the highest levels of imprecision. Thus, venous sampling should remain the

12
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preferred option, with capillary sampling considered as an alternative only if venous sampling is

unavailable and if the device has been validated for this purpose.

POC testing has limitations such as: refrigerated supply storage (both devices), susceptibility to lot-
to-lot variations and a lack of monitoring by laboratory professionals (especially external quality
control). Cost considerations need to be taken into account especially in resource-limited settings.
POC testing has a significantly higher cost compared to laboratory measurements, especially when
additional components such as the purchase of quality control materials and the need for
refrigeration are considered. However, cost savings may be achieved if POC testing leads to
improved detection, and reduced numbers of patients progressing to advanced CKD. Both devices,
and others, have previously been reviewed regarding suitability in low-income countries, including

estimated cost per test [37].

Our study had a number of strengths: i) the large sample size drawn from a well characterised

population-based study of rural South Africans; ii) the study procedures were standardised and
conducted in a well-controlled research environment; iii) two different POC devices using venous
whole blood and capillary blood were evaluated; iv) participants had a wide range of iohexol mGFRs
including 134 participants with a mGFR less than 60mL/min/1.73m?. Our study also had limitations: i)
the poor performance of laboratory creatinine likely reflects the Jaffe methodology used despite
enzymatic methods being the preferred choice [27,33,38-40], however without a parallel analysis
using a laboratory enzymatic method this assumption remains untested; ii) although %sma
clearance of iohexol is a well described method for measuring GFR, the DRD and CKD-EPI
equations were developed using urinary clearance of iothalamate and as such, methodologic bias
may be introduced by using iohexol mGFR [4]; iii) laboratory creatinine was processed after delayed
sample separation (although less than the 24 hour level at which changes become significant

[6,24]); iv) POC testing was carried out by trained staff under controlled conditions, which may not

13
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be reproducible in a busy clinic environment; v) roughly one-third of participants had venous

measurements assessed with the StatSensor® due to cost considerations.

In conclusion, our study demonstrates poor performance of the compensated kinetic Jaffe method
to measure creatinine in an under-resourced primary care setting and highlights the
recommendation for laboratories to move to enzymatic methods. In these situations POC devices,
despite their poor performance compared to ichexol mGFR, show improved accuracy in predicting
GFR compared to Jaffe methodology. The inaccuracy and wide imprecision with current eGFR

estimating equations mean that POC devices should be used with caution.
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Table 1: Characteristics according to mGFR

Characteristic

mGFR (categorised by GFR CKD Stage]a

Al <60 (G3-5)  60-89(G2) 290 (G1)
n (%) l674 134 (20) 286 (42) 254 (38)
Age (years) 43 (14) 50 (14) 46 (14) 37 (11)
&, (kg/m’) 28.6(6.4) 289(5.9)  29.7(66) 27.2(6.2)
Body surface area (mz) 1.91(0.23) 1.90(0.22) 1.94 (0.24) 1.87(0.22)
Male (n and %) 211(31)  38(28) 81 (28) 92 (36)
MGFR’ l81 (24) 47(10) 76 (8) 105 (13)
Laboratory eGFR (MDRD)’ 116 (27)  98(26) 112 (22)  129(25)
Laboratory eGFR (CKD-EPI)’ 111(17)  98(21) 109 (14)  120(11)
StaﬁensorCapmaryeGFR(hﬂDRDf 187 (26) 72(19) 85 (24) 97 (28)
StatSensor Capillary eGFR (CKD-EPI)” |93 (21) 79 (20) 91 (20) 102 (19)
iSTAT eGFR (MDRD)’ 97 (23) 83 (22) 94 (20) 108 (22)
iSTAT eGFR (CKD-EPI)’ 102(19)  89(22) 100 (17)  112(13)
StatSensor Venous eGFR (MDRD)® |85 (21)° 71(27)" 84 (19)" 93 21)°

92 (19)° 77 (32)" 90 (16)" 101 (17)°

StatSensorgganous eGFR (CKD-EPI)’
All data mean tgl:nless otherwise indicated
*in mL/min/L.73m"

“h=214

“n=31

“h=07

“n=86

f - N .
median (interquartile range)

Note: all eGFR equations exclude the African-American coefficient
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Table 2: Analytical comparison of POC and laboratory eGFR equations compared to mGFR
Lin’s
Passing-Bablok regression concordance
Slope/proportional Y intercept/constant correlation
error Eerrorh r p coeffi |:ientrj
Laboratory eGFR 1.16 20.47 0.44 0.25
(MDRD) (1.05-1.27) (10.94 - 29.23) (0.38-0.50) <0.0001} (0.21-0.29)
Laboratory eGFR 0.59 62.76 0.50 0.24
(CKD-EPI) (0.53 - 0.65) (57.60- 67.88) (0.45- 0.56) <0.0001}| (0.21-0.28)
StatSensor Capillary 1.01 391 0.34 0.35
eGFR (MDRD) (0.89-1.14) (-6.10- 12.04) (0.27 - 0.41) <0.0001} (0.28-0.41)
StatSensor Capillary 0.88 22.38 0.40 0.37
eGFR (CKD-EPI) (0.79-0.98) (13.77-30.18) (0.33-0.46) <0.0001) (0.31-0.42)
iSTAT eGFR 0.92 21.35 0.45 0.40
(MDRD) (0.84 - 1.01) (13.35- 28.75) (0.39-0.51) <0.0001}| (0.35-0.45)
iSTAT eGFR 0.70 45.18 0.49 0.34
(CKD-EPI) (0.64-0.77) (38.90- 50.84) (0.43 - 0.54) <0.0001}| (0.29-0.38)
StatSensor Venous 0.90 10.24 0.37 0.42
eGFR (MDRD) (0.74 - 1.08) (-4.41- 22.10) (0.25- 0.48) <0.0001}| (0.31-0.53)
StatSensor Venous 0.84 22.10 0.45 0.47
ﬁR (CKD-EPI) (0.70- 1.00) (8.33 - 33.73) (0.33- 0.55) <0.0001] (0.37-0.56)
“ slope (95% confidence interval)

’ y-intercept (95% confidence interval)
© Spearman rank correlation coefficient (95% confidence interval)

d
Lin's concordance correlation coefficient (95% confidence interval)
Note: all eGFR equations exclude the African-American coefficient
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POC eGFR vs mGFR

Table 4: Percentage of samples correctly classified into mGFR groups <60, 60-89 and 290
MGFR <60° MGFR 60-89° mGFR 200" | Total Coffe?hf
(G3-5) (G2) (G1) classified
Laboratory 8.2 14.7 95.6 43.8
eGFR (MDRD) (4.2-14.2) (10.8-19.4) (92.3-97.8) (40.0-47.7)
Laboratory 7.5 7.0 99.2 41.7
eGFR (CKD-EPI) (3.6 -13.3) (4.3 -10.6) (97.2-99.9) (38.0- 45.6)
StatSensor Capillary 24.6 48.4 52.0 45.0
eGFR (MDRD) (17.6 —32.8) (42.5-54.4) (45.6-58.3) (41.2-48.9)
p:1 <0.0001 <0.0001 <0.0001 0.5451
StatSensor Capillary 19.4 38.2 73.2 47.5
eGFR (CKD-EPI) (13.1-27.1) (32.6 -44.2) (67.3-78.6) (43.7-51.4)
pb 0.0004 <0.0001 <0.0001 0.0028
iSTAT 15.0 39.6 77.4 49.0
eGFR (MDRD) (9.4 -22.2) (33.9-45.6) (71.7-82.4) (45.1-52.8)
p:1 0.0117 <0.0001 <0.0001 0.0048
iSTAT 12.0 23.9 93.7 47.8
eGFR (CKD-EPI) (7.0 -18.8) (19.0-29.2) (89.9-96.3) (43.9-51.6)
pb 0.0703 <0.0001 0.0002 <0.0001
StatSensor Venous 35.5 57.7 53.5 52.8
eGFR (MDRD) (19.2 - 54.6) (47.3-67.7) (42.4-64.3) (45.9-59.7)
p:1 0.1250 <0.0001 <0.0001 0.4215
StatSensor Venous 29.0 45.4 69.8 52.8
eGFR (CKD-EPI) (14.2 - 48.0) (35.2 - 55.8) (58.9-79.2) (45.9-59.7)
pb 0.3750 <0.0001 <0.0001 0.1249

All data percentage (95% confidence interval)

* versus laboratory eGFR (MDRD) using exact NcNemar test
* versus laboratory eGFR (CKD-EPI) using exact NcNemar test

“in mL/min/1.73m*

? total samples correctly classified into CKD stages: G3-5, G2 and G1
Note: all eGFR equations exclude the African-American coefficient
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Figure 1: Participant flow through study

® outliers excluded on initial Passing-Bablok comparison between mGFR and POC eGFR, excluded based on
residuals >2.5 SD

Figure 2: POC vs laboratory creatinine

Bland-Altman agreement charts of: (A) the StatSensor® capillary creatinine (umol/L), (C) iSTAT® creatinine
(umol/L), and (E) StatSensor® venous creatinine (umol/L) compared to laboratory creatinine (umol/L)

Passing-Bablok regression comparing: (B) StatSensor® capillary creatinine, (D) iSTAT® creatinine, and (F)
StatSensor® venous creatinine to laboratory creatinine

Figure 3: MDRD eGFR (without the African-American coefficient) vs iohexol mGFR

Bland-Altman agreement charts of: (A) Laboratory MDRD eGFR, (C) StatSensor® capillary MDRD eGFR, (E)
iSTAT® MDRD eGFR, and (G) StatSensor® venous MDRD eGFR compared to iohexol mGFR

Passing-Bablok regression comparing: (B) Laboratory MDRD eGFR, (D) StatSensor® capillary MDRD eGFR, (F)
iSTAT® MDRD eGFR, and (H) StatSensor® venous MDRD eGFR compared to iohexol mGFR

Figure 4: CKD-EPI eGFR (without the African-American coefficient) vs iohexol mGFR

Bland-Altman agreement charts of: (A) Laboratory CKD-EP| eGFR, (C) StatSensor® capillary CKD-EPI eGFR,
(E) iSTAT® CKD-EPI eGFR, and (G) StatSensor® venous CKD-EPl eGFR compared to iohexol mGFR

Passing-Bablok regression comparing: (B) Laboratory CKD-EPI eGFR, (D) StatSensor® capillary CKD-EPI eGFR,
(F) iSTAT® CKD-EPI eGFR, and (H) StatSensor® venous CKD-EPI eGFR compared to ichexol mGFR
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Abstract

Background: the prevalence of chronic kidney disease (CKD) is predicted to rise over the next few
decades. In resource-limited settings access to central laboratory services is limited. Point-of-care
(POC) urine dipstick testing offers the potential to detect markers of kidney damage (albuminuria) as
well as markers of other disease processes. We evaluated ge diagnostic accuracy of the semi-
quantitative albumin-creatinine ratio (ACR) Sysmex UC-1000 POC urine dipstick system as well as the

extent of other abnormal dipstick findings in urine.

Methods: 700 participants from a rural area in South Africa were screened for albuminuria. A spot
urine sample was used to measure POC and central laboratory ACR. We determined ge sensitivity,
specificity, positive predictive value and negative predictive value of the POC ACR, and recorded

dipstick parameters.

Results: the prevalence of albuminuria was 11.6% (95%Cl; 9.3 — 14.2). Those with albuminuria had
higher mean diastolic (82 vs 79mmHg, p=0.019) and systolic (133 vs 128mmHg, p=0.002) blood
pressures and a higher proportion of diabetes mellitus (17.6 vs 4.9%, p<0.001). The sensitivity of the
POC ACR system was 0.79, specificity 0.84, positive predictive value 0.39 and negative predictive
value 0.97. The sensitivity improved to 0.80, 0.85, 0.85 and 0.89 in those with elevated blood
pressure, diabetes mellitus, HIV positive status, and those 65 years and older, respectively.
Abnormalities other than albuminuria were detected in 240 (34.3%) of the samples; 88 (12.6%) were
positive for haematuria, 113 (16.1%) for leucocytes, 66 (9.4%) for nitrites and 27 (3.9%) for

glycosuria.

Conclusion: our study shows that POC ACR has good negative predictive value and Id be used to
rule out albuminuria when screening for CKD. Additionally, a high proportion of participants had
other urine abnormalities detected with dipsticks which may reflect kidney disease or co-morbid
untreated genitourinary pathology such as urinary tract infections or endemic schistosomiasis with

important implications for CKD.
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Background

1]

Sub-Saharan Africa (SSA) has a high burden of infectious diseases (ID), mostly from HIV and
tuberculosis, and an emerging burden of non-communicable diseases (NCD).>? Together, ID and NCD
are risk factors for chronic kidney disease (CKD), which has a prevalence of 10.7% in SSA.3 The
prevalence of CKD is predicted to rise disproportionately Frﬁow- and middle-income countries

(LMIC).* Therefore, early detection of CKD and appropriate management of risk factors for

progression is an essential public health priority.

36
Persistent albuminuria is one criterion for the diagnosis of CKD, and an independent risk factor for
adverse kidney and cardiovascular outcomes.> Albuminuria, measured on more than one occasion,
as a spot urine%umin to creatinine ratio (ACR), is now included as one of the diagnostic criteria for

CKD.® Screening for albuminuria is recommended in certain high-risk groups such as those with

diabetes mellitus, however results should be confirmed by a central laboratory.'*?

The lack of access to central laboratory services in LMICs is a major hurdle obstructing widespread
implementation of CKD screening programs. While limited laboratory access is acknowledged in the
2012 KDIGO guidelines, there are no recommendations for using oint of care (POC) devices in
resource-limited settings (RLS).*® POC testing provides actionable results in real-time for clinical
decision-making.!3 In South Africa (SA), the efficacy of POC testing is well established for diagnosing
and managing patients with HIV and tuberculosis.'® Using the existing framework established for
POC testing with ID, we propose that POC testing for screening and early detection of CKD is feasible
in our setting. Previous studies™ ™ have shown good negative predictive values with fair sensitivity
for semi-quantitative ACR POC testing, which suggests utility as a screening test for CKD.
Additionally, the ability of urine dipsticks to detect other disease markers besides albuminuria offers

added benefit.

me aim of our study was to evaluate the diagnostic accuracy of a POC semi-quantitative ACR system

ina RLSin rural SA, and evaluate additional urinary abnormalities discovered on dipstick analysis.
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Methods

Study design

Our sub-study comprised part %he prospective African Research on Kidney (ARK) study, the
methods of which have been published.?® To summarise, the ARK study was conducted in the
Agincourt Health and Demographic Surveillance Site, Mpumalanga province, SA. There were two
phases of the ARK study; the first phase (November 2017 — October 2018) screened a population-
based sample of 2020 rural Africans for kidney%ease and associated risk factors, those between

the ages of 20 and 80 were considered eligible; the second phase (November 2018 — July 2019)

comprised a subsample of the first phase, stratified by CKD stage. (Figure 1)

Figure 1: Flow of participants through the study. POC ACR is the index
method while Lab ACR is the reference method.

In phase one of the ARK study, a CKD-risk questionnaire was administered, blood pressure (BP) was
measured (as perﬁe Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure guidelines®), and voluntary counsellingand HIV testing was offered to all
participants according to the SA Department of Health Guidelines.?* In the field, POC tests were
performed including urine dipstick analysis using Roche (Mannheim, Germany) Combur 10® test

strips on fresh spot urine samples.

The second phase of the ARK study recruited 989 participants and included the same BP and HIV
testing protocols as the first phase. Spot urine samples were refrigerated overnight (2 - 8°C) and
processed the following morning for storage at -80°C. Urine samples were transported at -80°C from
the study site to a central laboratory where they were processed over a nine-day period. Each day,
81 samples were separated into two aliquots, one aliquot was tested using central laboratory ACR,
the other aliquot was tested using a POC semi-quantitative dipstick method. Central laboratory ACR

results were not known while POC ACR was performed and vice versa. 700 urine samples out of the
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989 where selected based on the order in which they were sent to the central laboratory, all 700

samples were processed. Funding constraints limited the sample size to 700 out of 989.

POC ACR and dipstick analysis

Urine dipstick analysis was performed using Sysmex Corporation (Kobe, Japan) 125® urine dipsticks
together with the Sysmex UC-1000® semi-automated urine chemistry analyser. The 125 dipsticks
measure the following parameters: urobilinogen, red blood cells, haemoglobin, protein, glucose,
ketones, bilirubin, nitrites, specific gravity, leukocytes, pH, creatinine, and albumin with colorimetric
dipstick assays. The Sysmex UC-1000%® system optically reads reaction results from 125 dipsticks
using multi-wavelength reflectance photometry thereby providing semi-quantitative results. The
semi-automated reading of strips eliminates inter-individual variation in interpreting dipstick results.
%e albumin concentration is measured as 10, 30, 80, or 150 mg/L using the protein error of pH
indicator method, while the creatinine concentration is measured as 10, 50, 100, 200, or 300 mg/dL
using the Benedict-Behre method; thereafter the ACR is calculated as dilute (albumin 10mg/L and
creatinine 10mg/dL), normal (<30 mg/g), 1+ (30 — 300 Eg/g), or 2+ (>300 mg/g). Internal quality

control was performed each day before any samples were run.

Measurement of laboratory ACR

Laboratory albumin and creatinine measurements were performed on the Cobas ¢502 module®
(Roche Diagnostics, Mannheim), with urine albumin (mg/L) determined using an
immunoturbidimetric assay while urine creatinine (mg/dL) was determined using the kinetic Jaffe
method. This was considered an appropriate reference method due to widespread usage in central
laboratories in South Africa. During the nine days of measurements a single lot was used for both
urine albumin and creatinine assays, internal quality control was performed twice daily as per
standard practices within the central laboratory, together with an external quality assurance

program.

Statistical Analysis
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Laboratory measurement of ACR was used as the reference method to which POC ACR was
compared. Laboratory ACR was considered positive if 2$mg,’g and negative if <30 mg/g. POC ACR
was considered positive if falling in the “1+” or “2+” (230 mg/g) groups whilst negative if falling in
the normal group (<30 mg/g). Samples in which the laboratory albumin was <3 mg/L (limit of
quantification) were considered as negative, as were POC ACR samples which were dilute (albumin

<10 mg/L and creatinine <10 mg/dL). All 700 samples were included for analysis.

%tistical analysis was performed using Tibco Statistica 13® and MedCalc 19.1.3®. Continuous data

were compared using the students T-test and Mann-Whitney test when appropriate, while

categorical data were compared using j° test. The prevalence of aIbuminuria,nsitivity, specificity,
positive (PPV) and negative predictive values (NPV), and likelihood ratios of POC testing were
calculated using cross-tabulation. 95% confidence intervals were calculated according to the exact
Clopper-Pearson method for sensitivity and specificity, according to the Miettinen-Nurminen

1
method for likelihood ratios and according to the Mercaldo-Wald method for predictive values. A p-

value <0.05 was considered statistically significant.
Results

Study population

We analysed 700 urine samples; participant demographics and clinical characteristics are listed in
Table 1. Mean systolic and diastolic BP were significantly higher amongst those with laboratory
albuminuria, as was a history of diabetes mellitus; however, a history of hypertension was not. The
prevalence of albuminuria was 11.6% (95%Cl; 9.3 — 14.2), based on the central laboratory ACR

measurements (=30 mg/g).
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Table 1: Demographic and clinical features

Laboratory ACR (mg/g) p
<30 >30 >300

Number of patients 619 81 9
e (years) 45 (25)° 43 (23) 55 (25)° 0.680°
BMI (kg/m”) 28.1(6.2) 27.3(6.5) 27.0(7.0)° 0.239°
Systolic BP (mmHg) 128 (14.9) 133(18.1) 144 (24.0)° 0.002°
Diastolic BP (mmHg) 79 (8.6) 82 (9.9) 83 (7.0)° 0.019°
Male (%)’ 211 (34.1) 31(38.3) 4 (44.4) 0.457"
Hypertension (%)’ 154 (26.0) 25 (33.8) 3(37.5) 0.153"
Diabetes Mellitus (%)’ 29 (4.9) 13 (17.6) 2(25.0) <0.001'
smoker (%)’ 85 (14.3) 11 (14.9) 0(0) 0.902"

reactive (%)’ 119 (20.1) 20 (27.0) 1(12.5) 0.246'

Data presented as mean (SD) or n (%)
“Data presented as median (IQR)
“Missing values for all patients = 33
“Comparison between laboratory negative (<30mg/g) and laboratory positive (230mg/g) groups
dMann—WhiIney test
“Students T-test
f Zt t
x tes
Hypertension, diabetes mellitus, smoker status obtained from medical questionnaire.
HIV status obtained from medical gquestionnaire. If previously tested, participants were asked their status; those who did not know
their status, or previously tested negative, were offered voluntary counselling and testing during the home screening (see methods)
Measured blood pressure (BP): see methods

Clinical performance of the POC ACR

The central laboratory method identified 81 participants as having albuminuria (2 30 mg/g) whilst

the POC method, performed on the same day, identified 166 participants with albuminuria. No

adverse events were reported during testing or collection. In total the POC reader misclassified 119

samples (17%) with 102 false positives, and 17 false negatives. Sensitivity of the POC ACR to detect
. 18] o

albuminuria (ACR = 30mg/g) was 0.790 (95%Cl; 0.689 —0.865), and specificity was 0.835 (95%Cl;

0.804 — 0.862). A positive likelihood ratio of 4.80 (95%Cl; 3.86 — 5.89) and negative likelihood ratio of
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0.25 (95%Cl; 0.16 — 0.37) was obtained for POC ACR. Predictive values of 0.968 (95%Cl; 0.952 —
0.979) for negative results and 0.386 (95%Cl; 0.337 — 0.436) for positive results were obtained.
Sensitivity and specificity to predict ACR >300mg/g was 1.00 (%CI;D.664 —1.00) and 0.987
(95%Cl;0.975 — 0.994) respectively; with predictive values of 1.00 (95%Cl; 0.995 — 1.00) for negative

results and 0.50 (95%Cl;0.343 — 0.657) for positive results.

The sensitivity and specificity of the POC ACR system varied among different groups of participants.
There was reduced sensitivity (76%) in those with a history of hypertension (medical questionnaire),
however those with raised blood pressure® showed an improved sensitivity and specificity of 80 and
86% respectively. The same is true of those with a history of diabetes mellitus, with an improved
sensitivity of 85%, however, specificity was lower (66%) in this group. Smokers, those with HIV, and
those 65 years or older showed improved sensitivity. PPV remained low in all groups ranging from

0.26 to 0.52, while NPV was high ranging from 0.90 to 0.99. (Table 2)

Table 2: Classification of albuminuria as positive or negative by POC and laboratory ACR

All patients (700) Sensitivity 0,79

Positive POC (n=166) Negative POC (n=534) Specificity 0,84
Positive lab ACR (n=81) 64 17 PPV 0,39
Negative lab ACR (n=619) 102 517 NPV 0,97
Hypertension (179) Sensitivity 0,76

Positive POC (n=47) Negative POC (n=132) Specificity 0,82
Positive lab ACR (n=25) 19 6 PPV 0,40
Negative lab ACR (n=154) 28 126 NPV 0,95
DM (42) Sensitivity 0,85

Positive POC (n=21) Negative POC (n=21) Specificity 0,66
Positive lab ACR (n=13) 11 2 PPV 0,52
Negative lab ACR (n=29) 10 19 NPV 0,90
Smoker (96) Sensitivity 0,82

Positive POC (n=26) Negative POC (n=70) Specificity 0,80
Positive lab ACR (n=11) 9 2 PPV 0,35
Negative lab ACR (n=85) 17 68 NPV 0,97
HIV (139) Sensitivity 0,85

Positive POC (n=41) Negative POC (n=98) Specificity 0,80
Positive lab ACR (n=20) 17 3 PPV 0,41
Negative lab ACR (n=119) 24 95 NPV 0,97
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BP: Diastolic = 80 OR Systolic = 130 (389) Sensitivity 0,80

Positive POC (n=93) Negative POC (n=296) Specificity 0,86
Positive lab ACR (n=56) 45 11 PPV 0,48
Negative lab ACR (n=333) 48 285 NPV 0,96
Age > 65 (105) Sensitivity 0,89

Positive POC (n=31) Negative POC (n=74) Specificity 0,76
Positive lab ACR (n=9) 8 1 PPV 0,26
Negative lab ACR (n=96) 23 73 NPV 0,99

Hypertension, diabetes mellitus (DM), smoker status obtained from medical questionnaire.

HIV status obtained from medical questionnaire. If previously tested, participants were asked their status; those who did not know their
status, or previously tested negative, were offered voluntary counselling and testing during the home screening (see methods)
lkasured blood pressure (BP): see methods

PPV: positive predictive value

NPV: negative predictive value

False negative values ranged from 30.9 - 57.5 mg/g, and those for false positives ranged from 1.8 -
29.2 mg/g. All nine samples with laboratory ACR > 300mg/g were correctly identified as “2+” (>300
mg/g) according to POC ACR, a further nine samples were classified as > 300mg/g while laboratory
ACR classified them as albuminuria (>30 mg/g) but less than 300 mg/g. POC ACR correctly classified
572 (82%, 95%Cl; 79 — 85) of the samples into the correct KDIGO albuminuria stages of A1 (<30mg/g),
A2(30-300mg/g) and A3 (>300mg/g). Accuracy was 97% (%CI;BS-BS), 31% (95%Cl;24-39), and
50% (95%Cl;26 — 74) in groups A1, A2 and A3 according to POC ACR. (Figure 2)

Figure 2: Laboratory (reference) versus POC ACR (index). The horizontal lines represent the

laboratory cut-offs of 30 mg/g and 300 mg/g. 30 mg/g represents the threshold for albuminuria

while 300 mg/g is the threshold for 2+ albuminuria (as defined by the POC system). FNs represent

false negative results by the POC method while FPs represent false positive results by the POC
method.

Additional Urine Dipstick Abnormalities

240 (34.3%) of the 700 samples had abnormal findings other than ACR, protein to creatinine ratio,
pH, or specific gravity. 65% (53/81) of laboratory confirmed albuminuria samples had additional
abnormalities on urine dipstick. While 30% (187/619) of the samples without laboratory confirmed

albuminuria demonstrated additional urinary dipstick abnormalities. Using the dipstick method 88

11
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(12.6%) participants had haematuria including 50 in the laboratory negative group, and 113 (16.1%)

had leukocyturia.

Urine dipstick findings were compared between those with laboratory positive and negative ACR.
Haematuria and glycosuria were significantly higher in the laboratory positive compared to the
laboratory negative group (46.9% vs 8.1% and 11.1% vs 2.9% respectively). All abnormalities were

seen with a higher proportion in those with laboratory positive ACR except for leucocytes, although

not statistically significant. (Table 3)

Table 3: Other dipstick findings besides ACR in phase 1 and phase 2

Blood" Urobilinogen  Bilirubin  Glucose Leucocytes  Nitrites
Phase 2 (n=700) (Sysmex 125% s‘cri|:ns}a
Lab ACR 230 (n and %) 38 (46.9) 1(1.2) 2(2.5) 9(11.1) 12 (14.8) 12 (14.8)
Lab ACR <30 (n and %) 50 (8.1) 2(0.3) 4(0.6) 18 (2.9) 101(16.3) 54 (8.7)
TOTAL (%) 88 (12.6) 3(0.4) 6(0.9) 27 (3.9) 113(16.1) 66 (9.4)

prj <0.001 0.238 0.094 <0.001 0.730 0.078
b

Phase 1 [n=1993}c (Roche Combur 10°® strips)
TOTAL (%) 649 (32.6) 36(1.8) 46 (2.3) 64 (3.2) 603 (30.3) 49 (2.5)
All data n (%)

“performed on urine after a freeze thaw cycle, semi-guantitative analysis performed with Sysmex UC-1000® device (see methods)
“Performed on fresh urine during phase one, semi-guantitative analysis performed with visual inspection (see methods)

cr\-'lissing data for 27 (2 refused, 25 missing data)

‘1 test Lab ACR 230vs Lab ACR <30 (all phase 2]

“Haemoglobin or erythrocytes detected by dipstick method

Effect of freezing on semi-quantitative POC dipstick parameters

Freezing had a minimal effect on dipstick parameters with a small increase in false negatives and no
increase in false positives being seen for haematuria and leukocyturia. (See Supplementary for

detailed results and methodology)
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Discussion

Our study represents the largest evaluation of a POC ACR compared to laboratory ACR to date.

1522 we found that the POC analyser has good rule out utility for

Similar to previous studies
albuminuria, as indicated by the NPV. Our study differs from previous studies in that we
simultaneously evaluated additional urine dipstick parameters aside from albuminuria. Similar
studies'>?! have looked at semi-quantitative POC ACR from different manufacturers, however this is

the first published study on the Sysmex UC-1000% instrument. The fully automated Sysmex UC-3500

has previously been validated showing excellent precision and good analytical accuracy.?

When using ACR to screen for albuminuria, the recommended sample is an early morning urine
sample. Previous studies have used random urine®™*#2° or early morning samples®*:1%.2! with
sensitivity of random urine samples being 0.83, 0.79,'% and 0.63?° while the sensitivity of early
morning samples was 0.90,'° 0.90,' 0.75," 0.92?" and 0.80," suggesting a possible advantage of

early morning sampling.?’

Our findings show the POC device would be useful for excluding albuminuria, but any positive result
would need to be confirmed with a laboratory ACR. This in keeping with other studies where NPV
ranged from 0.89 — 0.991*161819.21.22 with one study reporting a NPV of 0.71"; while positive
predictive value was low for all studies ranging from 0.46 — 0.82.5571%2L2 Similarly, only one study'®

reported a positive likelihood ratio above 10 indicating utility in ruling in disease.

The improved sensitivity seen in participant groups with known risk factors for CKD could help guide
screening strategies. The discordance in sensitivities between a history of hypertension (medical
questionnaire) and raised BP during examination could point to the effect of antihypertensives,
particularly angiotensin-converting enzyme inhibitors, on albuminuria.? Screening strategies
targeted at those with a history of diabetes mellitus, the elderly, those who present with elevated
29,30

blood pressure, and those with HIV are justified, and in keeping with management guidelines.

Our findings corroborate those of previous studies: in the study by Graziani et al.'® the sensitivity
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and NPV of POC ACR improved marginally from 0.90 to 0.91 and 0.90 to 0.98 respectively in the
general population versus a cohort with a history of type 2 diabetes mellitus. McTaggart et al.”®
found improved sensitivity and NPV:0.83 to 0.91 and 0.95 to 0.98 respectively in the general
population compared to participants with hypertension. The study by Nah et al.?* was conducted in
prediabetic and diabetic populations with sensitivity of 0.92 and 0.80, and NPV of 0.99 and 0.91
respectively. Our sensitivity of 0.79 and NPV of 0.97 are in keeping with random urine samples in the
general population. Although the loss of specificity (increased false positives) seen in those with
diabetes mellitus in our study suggests the need for confirmatory laboratory testing, the increased
sensitivity in this group of participants is valuable in detecting diabetic nephropathy. Although
increased sensitivity was seen in subgroup analysis, the low PPV and high NPV remained in all sub-

populations suggesting that laboratory confirmation of positive results is required while negative

results exclude disease.

When using POC ACR, 82% of samples were correctly classified into the correct KDIGO albuminuria
stages, however, the poor performance in those with albuminuria according to POC ACR suggests
category shifting in this group. Despite POC ACR having 100% sensitivity in those with significant
albuminuria (>300mg/g or stage A3), 50% of positive samples were false positive results. The high
number of false positives and relatively few false negatives suggests that POC ACR tends to shift
patients into higher concentrations of albuminuria, thus higher ACR categories. As such, negative
results carry more significance, further emphasized by the 97% accuracy seen in those with POC ACR

<30mg/g.

Surprisingly, our study showed a high prevalence of abnormal urine findings besides ACR-
highlighting the extent of abnormalities which can be picked up with dipstick analysis in our
population. Similar findings were demonstrated during phase one of the ARK study (haematuria:
32.6% and leukocyturia: 30.3%), while the effects of freezing at -80°C were shown to have minimal

effects (Supplementary). Our aims were not to validate these findings but rather to expose the
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extent of abnormalities seen. The epidemiology of CKD in LMICs is complex and often comprises the
influence of multiple factors including NCDs, IDs, host and environmental factors.® Our findings
suggest that strategies to decrease the impact of CKD should involve screening, diagnosing and

managing CKD, but also screening for, and managing other risk factors.*

We found a high prevalence of haematuria on dipstick analysis. Potential explanations for isolated
haematuria could be endemic urogenital schistosmiasis, a known cause of CKD in LMICs3?, or
glomerular pathology that could include infectious (or other) glomerulonephritides, urogenital
tuberculosis, and interstitial nephritis.%e high level of haematuria observed in the population is
concerning: haematuria is associated with an increased risk of progression to ESRD,* and plays a
pathological role in renal tubular damage.* These dipstick findings need to be validated in our
population, however previous studies have recommended dipstick analysis when screening for

haematuria due to high sensitivity and reduced costs.?*38

All the dipstick parameters except for leucocytes occurred with higher frequency in those with
laboratory albuminuria; of these haematuria and glycosuria had statistical significance. This is in
keeping with the role haematuria plays in various renal pathologies as well as the risk for kidney
disease which is inferred from diabetes mellitus (a possible cause for glycosuria amongst others).
Although not statistically significant the relatively higher prevalence of leucocytes in urine of those
with laboratory negative findings was an unexpected finding. Previous studies® * including a study
performed on South African participants with CKD** showed that the presence of JC viruria was
protective of developing CKD, with 43-fold higher odds of developing kidney disease in those
without JC viruria. Whether these protective virurias stimulate leucocyte shedding in the urine of
individuals is yet to be studied but could be a possible explanation for the raised leucocytes seen in

laboratory negative individuals.

The limitations of dipstick screening such as false positives, interferences from various drugs, a lack a

specificity and the need for confirmatory laboratory or microscopy testing are well known.** In RLS
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where access to central laboratory services is often limited the goals and uses of POC testing are
very different to resource replete settings. Better patient outcomes with POC testing can be
achieved even with decreased performance compared to laboratory-based testing if POC testing
ensures proved linkage to care and retention in treatment.** The ability of dipstick testing to
detect the potential presence of multiple risk factors for CKD and other co-morbid conditions such as
diabetes mellitus, schistosomiasis, urinary tract infections, urological abnormalities, liver disease,
and numerous others; together with conventional (albuminuria) and non-conventional (haematuria)
markers of CKD in a single test is beneficial. Semi-quantitative (and semi-automated) results are

preferable over subjective visual dipstick inspection, such semi-quantitative results aid primary care

nurses who are often responsible for following screening guidelines in RLS.

Our study had several limitations: the POC testing was performed in a laboratory environment on
the same day as laboratory measurements and not at the patient side, in a less controlled
environment it is possible the POC instrument will not perform to the same standards. The urine
samples were kept in a fridge overnight and then frozen the next day at -80°C before being shipped
frozen to the central laboratory. Previous studies have shown good stability of urine albumin and
ACR with long term storage at -70°C,***7 urine albumin and ACR is stable for up to 7 days when
stored at 4°C.*3%° To our knowledge no studies exist on the stability of urine dipstick analysis in
previously frozen samples. Dipstick analysis on samples post refrigeration up to 48 hours has shown:
glucose to be stable up to 48 hours at 4°C; nitrites stable up to 24 hours at 4°C; leucocytes,
haemoglobin, red blood cells, bilirubin show increased false negative results at 4°C from between 4
and 8 hours.*%*! It is possible the POC device would perform better on fresh urine as this is the
recommended sample from the manufacturer (due to bilirubin and urobilinogen deterioration),
however frozen and refrigerated samples can be used if returned to room temperature.” Despite
the widespread use of immunoassays and the kinetic Jaffe method to measure laboratory ACR, these
methods remain far from ideal gold standards with which to compare POC ACR. There is currently no
reference method or material for urine albumin; as such methods are not standardised despite this

16

118




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

POC ACR and dipstick analysis in RLS

being a goal of the National Kidney Disease Education Program.>** Comparison of results between

different methods have generally not found large biases.?**3 Although tope dilution mass
spectrometry-traceability has been established for the Jaffe method and a primary reference
material exists the lack of matrix-specific secondary reference materials for urine creatinine mean
that calibration is not ideal .** Consequently, the use of laboratory ACR as the gold standard in our
study was a pragmatic rather than ideal choice. Our study also has several advantages, the large
sample size from a rural population in South Africa represents an important demographic group
where POC testing may be most beneficial. While random urine sampling is not the recommended
sample type (versus concentrated early morning sampling) it represents the situation that will be
encountered across rural clinics in South Africa. We were able to process all 700 samples, without

having to exclude outliers- and so better represent the clinical situation which would be

encountered by health care workers.
Conclusions

In conclusion, we have demonstrated the good rule out utility of a POC ACR dipstick device, which
could aid in excluding at risk patients who do not require confirmatory central laboratory testing in
RLS. We have also shown the large number of other abnormal findings seen with urine dipstick
testing in our population- which could have implications for establishing screening guidelines for
multiple diseases or risks for CKD with a single test. Our study population and findings are relevant in

rural Africa with limited access to central laboratory services.
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