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ABSTRACT

Background Kidney disease is prevalent in low-resource
settings worldwide, but tests for its diagnosis are often
unavailable. The saliva urea nitrogen (SUN) dipstick is a
laboratory and electricity independent tool, which may be
used for the detection of kidney disease. We investigated
the feasibility and performance of its use in diagnosing
kidney disease in community settings in Africa.

Methods Adult patients at increased risk of kidney
disease presenting to three community health centres, a
rural district hospital and a central hospital in Malawi were
recruited between October 2016 and September 2017.
Patients underwent concurrent SUN and creatinine testing
at enrolment, and at 1 week, 1 month, 3 months and 6
months thereafter.

Results Of 710 patients who presented at increased

risk of kidney disease, 655 (92.3%) underwent SUN
testing at enrolment, and were included (aged 38 (29-

52) years, 367 (56%) female and 333 (50.8%) with HIV).
Kidney disease was present in 482 (73.6%) patients and
1479 SUN measurements were made overall. Estimated
glomerular filtration rate (eGFR) correlated with SUN
(r=—0.39; p<0.0001). The area under the receiver
operating characteristics curve was 0.61 for presenting
SUN to detect acute or chronic kidney disease, and 0.87
to detect severe (eGFR <15 mL/min/1.73 m?) kidney
disease (p<0.0001; sensitivity 82.3%, specificity 81.8%,
test accuracy 81.8%). In-hospital mortality was greater if
enrolment SUN was elevated (>test pad #1) compared with
patients with non-elevated SUN (p<0.0001; HR 3.3 (95%
Cl1.7t0 6.1).

Conclusions SUN, measured by dipstick, is feasible and
may be used to screen for kidney disease in low resource
settings where creatinine tests are unavailable.

INTRODUCTION
Kidney disease, both acute and chronic, is
highly prevalent in low-resource settings

Key questions

What is already known?

» The diagnosis of kidney disease is a major challenge
in low and middle-income countries due to the un-
availability of serum creatinine tests. The saliva urea
nitrogen dipstick performs well in detecting kidney
disease in high-income settings, and in tertiary cen-
tres in low-income settings.

What are the new findings?

» The use of a saliva urea nitrogen dipstick was fea-
sible in rural and community settings in sub-Sahara
Africa, and performed well in diagnosing severe kid-
ney disease.

What do the new findings imply?

» The saliva urea nitrogen dipstick may be used to
detect kidney disease in locations where serum cre-
atinine is unavailable.

(LRS), and leads to preventable deaths often
in young populations." * In Malawi, a low-
income country in sub-Sahara Africa, 21%
of general medical admissions have kidney
disease, resulting in an in-hospital mortality
of 44%.> One of the biggest barriers to the
management of kidney disease in LRS is its
timely detection, which predominantly relies
on reliable and rapid access to serum creati-
nine, on which the diagnosis of acute and
chronic kidney disease is currently made.*®
In many LRS, including Malawi, serum creati-
nine is unavailable in health centres and
district hospitals, where the majority of
acutely unwell patients at risk of kidney
disease present. Even in central hospitals,
availability of laboratory measurement of
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serum creatinine may be intermittent. This is a result of
the requirement of relatively expensive reagents, a func-
tioning biochemical analyser and the relevant laboratory
expertise, all of which are frequently lacking. Point-of-
care (POC) devices obviate the need for a biochemistry
laboratory in diagnosing kidney disease.® Such devices
predominantly measure creatinine, but frequently
require refrigerated storage of reagents and power, and
this precludes their use in the poorest and most rural
areas. Diagnosis of kidney disease in these settings, there-
fore, remains a significant challenge.

Urea nitrogen diffuses from the blood to saliva
through the salivary glands and saliva urea nitrogen
(SUN) parallels blood urea nitrogen (BUN), which may
be measured and used to diagnose kidney disease.”"”
SUN measurement may be by standard laboratory tech-
niques, but also by a simple dipstick method, using an
SUN dipstick."*"® SUN, measured by dipstick, has been
previously shown to be effective in diagnosing acute and
chronic kidney disease in high-income settings,"* ' and
moreover in monitoring response to treatment.'’ In
LRS, we have demonstrated that the SUN dipstick may
be used to screen for kidney disease in general medical
admissions to a central hospital in Malawi, and in patients
admitted with malaria in a central hospital in Angola,
with areas under the receiver operating characteristics
(ROC) curve of 0.82 and 0.88, respectively.'” '® The SUN
dipstick, therefore, shows promise, as a simple, low tech-
nology and non-invasive tool for the detection of kidney
disease. However, the feasibility of its use and accuracy to
screen for kidney disease in healthcare settings that do
not have access to serum creatinine (eg, rural hospitals
and community health centres) is unknown. We; there-
fore, undertook this study to investigate the feasibility
and performance of using the SUN dipstick to detect
kidney disease across a variety of healthcare settings in
sub-Sahara Africa. This was done in association with the
International Society of Nephrology Oby25 initiative,
which aims to eliminate preventable deaths from Acute
Kidney Injury (AKI) worldwide by 2025."

METHODS

Study design and setting

We conducted a prospective multicentre cross-sectional
study in five healthcare facilities in Malawi, which were
participating in the Oby25 feasibility project.” These
included three health centres (Bangwe Health Centre,
Gateway Clinic and Chileka Health Centre), a rural
district hospital (Chikwawa district hospital) and a central
hospital (Queen Elizabeth Central Hospital, QECH,
Blantyre) (online supplementary figure sl). Malawi is
ranked as one of the poorest countries worldwide, but
despite this governmentfunded healthcare is provided
free at the point of delivery to all.*' This healthcare is
resource limited and serum creatinine is unavailable in
health centres. In district and central hospitals, creati-
nine is intermittently available, and if available it often

Table 1 Scoring system used to assess risk of kidney
disease, and prevalence of each variable in the included
cohort

Prevalence

Points in included
Variable attributed cohort (n, %)
History of kidney disease 1 6 (0.9)
Presence of oliguria (patient 4 217 (33.1)
reported)
Infection with fever (>38°C or 1 348 (53.1)
<6°C)
Hypotension (<90/60) or shock 2 82 (12.5)
(presence of hypotension with
signs of decreased organ
perfusion, such as altered
metal status, oliguria or heart
failure)
Pregnancy with hypertension 2 7(1.1)
(>140/90 and receiving
treatment) or seizures
Swelling (entire body) 2 25(3.8)
Decreased appetite 1 463 (70.7)
HIV 1 333 (50.8)
Coma or confusion 2 36 (5.5)
Anaemia (haemoglobin <90 1 121 (18.5)

g/L) or pallor

Score 0-2: low risk; 3—-6=moderate risk; >6=high risk. Moderate
and high risk were deemed at increased risk of kidney disease and
enrolled. Maximum points=17.

takes 1-3 days for the results to be processed. Patients
in Malawi present largely to health centres, which act as
primary care facilities and see a large number of patients,
frequently more than 200 each day. Health centres
have limited diagnostic testing and treatment capa-
bility; malaria antigen and HIV testing are largely avail-
able, as are a limited range of oral antimicrobial drugs.
Further blood tests such as full blood count, any imaging
including chest x-ray, or intravenous fluids or antibi-
otics, requires admission to district hospitals. Specialist
renal care, including the provision of renal replacement
therapy, requires referral to one of two central hospitals,
including QECH.

Participants

All patients presenting to the healthcare facilities
between October 2016 and September 2017 were eligible
to be screened for risk of kidney disease. A pragmatic
approach using this time frame was therefore the deter-
minant of the sample size. Patients were screened for
their risk of kidney disease using a risk score, based on
comorbidity, nephrotoxic medication use and presenting
symptoms and signs (table 1). Those with a risk score of
greater than two points were considered at increased risk
of kidney disease. We enrolled all patients at increased
risk of kidney disease, and these patients underwent POC
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testing, including measurement of SUN by saliva dipstick,
at enrolment. In this analysis, we included adult (aged
=18 years) participants who had an SUN dipstick meas-
urement recorded at enrolment. Children (aged <18
years) and those without an SUN result at enrolment
were excluded.

Data collection

Demographic and clinical data, including comorbidities
and presenting symptoms and vital signs, were recorded
at enrolment through patient history and review of rele-
vant medical records. Patients underwent SUN and POC
creatinine measurement at enrolment, and then again
at 1 week, 1 month, 3 months and 6 months thereafter.
Patient survival to hospital discharge was recorded.

SUN measurement

Local data collectors, one for each study site, underwent
face-to-face training on the methods of SUN measure-
ment by dipstick prior to study initiation. For measure-
ment, unstimulated saliva was collected in a plastic cup
and approximately 50 pL of saliva were used to moisten
the test pad of a colorimetric SUN dipstick (Integrated
Biomedical Technology, IN, USA). The dipstick test pad
contains a urease enzyme in a bound form which cleaves
SUN when moistened with saliva; this leads to the forma-
tion of ammonia and hydroxyl ions resulting in a change
in pH which, by a pH indicator substance, consequently
changes the colour of the test pad. After 1 min, the colour
of the test pad is compared with six reference pads indi-
cating increasing SUN concentrations: 5-14 mg/dL (test
pad #1), 15-24 mg/dL (test pad #2), 25-34 mg/dL (test
pad #3), 35-54 mg/dL (test pad #4), 55-74 mg/dL (test
pad #5) and =75 mg/dL (test pad #6) (online supple-
mentary figure s2). Data collectors were unaware of the
presenting creatinine result at the time of SUN dipstick
interpretation.

Creatinine measurement

Creatinine was measured at the POC using the StatSensor
Xpress Creatinine device (Nova Biomedical Cooperation,
Waltham, Massachusetts, USA). Prior to study initiation,
the reliability of the POC test was confirmed; good corre-
lation and linearity were obtained between simultaneous
determination of QECH laboratory and POC creatinine
values.”

Definitions

Kidney function at enrolment was defined based on prior
history, creatinine and urinalysis. Patients with a serum
creatinine obtained within the previous 12 months
showing estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m? calculated by the Chronic Kidney
Disease Epidemiology Collaboration (CKD) or with a
known history of chronic kidney disease were consid-
ered as having CKD. Acute kidney disease (AKD) was
defined by the presence of albuminuria and/or eGFR
at enrolment lower than 75 mL/min/1.73 m? Patients
not fulfilling these criteria were classified as no-kidney

disease (NKD). Based on serum creatinine within 7
days of presentation, patients were further classified as
AKI if they underwent an increase or decrease in serum
creatinine of 20.3 mg/dL within 48 hours or of 1.5 times
greater than the reference serum creatinine value at
enrolment, in accordance with Kidney Disease Improving
Global Outcomes (KDIGO) criteria.” In patients without
a history of CKD, we used the first serum creatinine at
enrolment as the reference creatinine on which to detect
subsequent changes in kidney function. Kidney status at
day 7 is subsequently reported (one of AKI, AKD, stable
CKD or NKD).

Outcome measures

We determined the feasibility of using the SUN dipstick
to diagnose kidney disease in community and district
settings in LRS. We assessed the diagnostic perfor-
mance of the presenting SUN dipstick result to detect
kidney disease, according to KDIGO criteria. We also
assessed the diagnostic performance of the presenting
SUN dipstick result to detect kidney disease according
to various presenting eGFR cut-offs (<60, 45, 30, and 15
mL/min/1.73 m®). Lastly, we assessed patient survival to
hospital discharge according to presenting SUN result.

Statistical analysis

Data are presented as number and percentages for cate-
gorical variables and mean and SD or median and IQR
for continuous variables depending on data distribution.
Creatinine and eGFR were plotted according to SUN
result for all tests across all time points and compared
using a one-way analysis of variance (Kruskal-Wallis and
Dunn’s multiple comparison test). SUN was transformed
from a categorical variable to a continuous variable using
the SUN midpoint corresponding the each test pad result
(eg, 9.5 mg/dL for SUN test pad #1, range 5-14 mg/dL),
and SUN was then correlated to creatinine, eGFR, and
proteinuria using the non-parametric Spearman correla-
tion. For creatinine and eGFR, this was done in all tests,
and in tests specifically undertaken at enrolment, at 7
days and at 1 month.

We assessed the diagnostic performance of the
presenting SUN dipstick to detect Kidney Disease (AKI,
AKD or CKD), and to detect presenting eGFRs of: <60,
45, 30 and 15 mL/min/1.73 m2, respectively. To do this,
we calculated the area under the ROC curve, and the
sensitivity and specificity of each SUN dipstick result for
each of these parameters. We did this in all patients, and
specifically in subgroups defined by age, sex, HIV and
the presence of dehydration at presentation. We deter-
mined the optimal threshold of SUN result for diagnosis
according to the maximum Youden’s index (Youden’s
index=sensitivity %+specificity% — 100). For the optimal
threshold, we determined the positive and negative like-
lihood ratios and predictive values, as well as the test
accuracy, and report these with 95% CIs. We also deter-
mined the diagnostic performance of a ‘change in SUN’
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Patients presenting across all healthcare
facilities
N=244300

l

Patients screened for risk of kidney disease

N=1615
N Patients at low risk of kidney disease
N=795 (49.2%)
4
Patients at increased risk of kidney disease
N=820 (50.8%)
Adults=710
Adult Patients without presenting

> SUN result

v N=55 (7.7%)

Adult patients with presenting SUN result
N=655 (92.3%)

v

! I

Healthcare Centre
N= 371 (56.7%)

District Hospital
N= 128 (19.5%)

Central Hospital
N= 156 (23.8%)

Figure 1 Cohort description. SUN, saliva urea nitrogen.

(increase or decrease from presentation at day 7) to
detect AKD.

We performed a survival analysis, comparing in-hos-
pital survival according to enrolment SUN using the
log rank test, and created an HR (95% CI) for mortality
comparing patients with elevated enrolment SUN (>test
pad #1) to patients with non elevated enrolment SUN
(test pad #1). Statistical analysis was performed using
GraphPad Prism V.7 (www.graphpad.com). A p<0.05 was
considered statistically significant.

Patient and public involvement
The results of this study will be disseminated through the
Kidney Patients Association of Malawi.

RESULTS

Cohort description

A total of 244 300 patients presented to the healthcare
facilities during the observation period. A total of 1615
patients were screened for risk of kidney disease, and
820 (50.8%) were at increased risk (moderate or high
risk score). A total of 710 (86.6%) patients were adults,
and 655 (92.3%) had a documented SUN result at pres-
entation and were included in the analysis (figure 1).

Three hundred and seventy-one (56.7%) patients were
recruited from health centres (Bangwe HC=124, Chileka
HC=33, and Gateway Clinic=214), 128 (19.5%) from a
rural district hospital (Chikwawa district hospital), and
156 (23.8%) from the emergency department at a central
hospital (QECH).

Median age was 38 years (29-52), and 367 (56%)
patients were female (table 2). Median height and weight
were 161 cm (157-165) and 54 kg (48-60), respectively.
The most common comorbidity was HIV (n=333; 50.8%).
Other comorbidities included: hypertension (n=116,
17.7%), anaemia (n=86; 13.1%), diabetes mellitus (n=50,
7.6%), lung disease (n=42, 6.4%), heart disease (n=22,
3.4%), malignancy (n=13, 2.0%) and liver disease (n=12,
1.8%). Six (0.9%) patients had a known history of CKD.
The prevalence of variables that contributed to the risk
score in included patients is outlined in table 1. The
predominant reason for presentation was infectious
illness (n=486, 74.2%), most commonly gastrointestinal
(n=154; 23.5%), respiratory (n=135, 20.6%) and malaria
(n=60, 9.1%).

Median presenting creatinine in all patients was 1.3
mg/dL (0.98-1.93), corresponding to a mean presenting
eGFR of 68.4 + 37.9 mL/min/1.73 m% One hundred and
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Table 2 Baseline characteristics of the study cohort o 55
Study cohort é 8 8
Baseline characteristic n=655 a SE
Demographic :_g
Age; years (median; IQR) 38 (29-52) ? 8_
Sex: female (no; %) 367 (56) © EEI g
Ethnicity: black African (no; %) 655 (100) 2 S o
Clinical zN B
Height; centimetres (median; IQR) 161 (157-165) plRcSw
Weight; kilograms (median; IQR) 54 (48-60) > -
Comorbidities E NS
NS :
HIV (no; %) 333 (50.8) & & T
0 )
Hypertension (no; %) 116 (17.7) o 5";2 g
f ) =z o
Anaemia (no; %) 86 (13.1) a T 25
Diabetes mellitus (no; %) 50 (7.6) - © =
Lung disease (no; %) 42 (6.4) g ’8‘
Heart disease (no; %) 22 (3.4) s S
Malignancy (no; %) 13 (2.0) &“!.-3_ § g N
Liver disease (no; %) 12 (1.8) ; - = %
o«
Chronic kidney disease (known) (no; %) 6 (0.9) a ’%T ® © o E
~ %
= = 3
£ S| |2
. 3 le)) I
seventy-three (26.4%) patients had normal renal func- E IS %
tion and 482 (73.6%) patients had kidney disease (subse- 8 2R E
quent diagnosis at day 7 of AKI=130, 19.9%; AKD=343, © TE %
52.2%; and CKD=10, 1.5%). AKI was stage 1 in 71 Sale 2 e ?
(54.6%) patients, stage 2 in 25 (19.2%) and stage 3 in 34 2 TN i =
(26.2%). Median presenting creatinine in patients with g’ © s §
kidney disease was 1.5 mg/dL (1.2-2.5) and mean eGFR < q e g
was 53.3+33.2 mL/min/1.73 m®. 3 2d |8
- - = O
= N
SUN measurements N S o ‘%
A total of 1479 SUN measurements were made across the % TiEE — B 3
observation time points (655 at enrolment, 384 at day 7, »w3T| = &
246 at 1 month, 124 at 3 months and 70 at 6 months). - . E
Creatinine and eGFR according to SUN result are § g’ o & g
outlined in table 3 and figure 2. There were significant s - ,‘% %
differences in both measures according to SUN result % o prll - §
(p<0.0001 for both). SUN, transformed to a continuous ol =} icg, S
variable using the midpoint of each test pad range, corre- > % =5 § 8 = ©
lated with creatinine and eGFR when analysed across all K M g
SUN tests undertaken, and in those undertaken specif- § 5
ically at enrolment, at 7 days and at 1 month (table 4). g Tl o
SUN also correlated with proteinuria (Spearman’s r=0.27 5 g £
(0.18-0.36); p<0.0001), and there were significant differ- | g GE’ §
ences in SUN according to proteinuria as measured by g 3 N;E‘ S e
dipstick (p<0.0001). o E S % é
£ i £
Diagnostic performance of SUN = 3E | E:
. . . o) == =)
The diagnostic performance of the presenting SUN to 3 3 £ § @3>
detect kidney disease according to a number of different - =2 = 82
criteria (kidney disease according to KDIGO definitions, o= g -(% o _ Z 91
and presenting eGFR <60, 45, 30, and 15 mL/min/1.73 250 o 9 é o | @ %
9 : . o, S ®ne z092 o
m”) is outlined in table 5. The area under the ROC curve
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Creatinine according to SUN

kA

20+

==
T

Creatinine (mg/dl)

n
|

eGFR according to SUN
300+

R ,
1

L
I
E J
I 1
L
r

e

2004 ©

100

M

é\é\&\a‘h&\@

@q@q & ﬁqﬁ@q
N ﬂ.-?‘ﬁ'r"
vw@@wk
h.\‘-\': {Lh\hﬁ@e
S S S
F TSS9

eGFR ml/min/1.73m?

Figure 2 Creatlnlne and EGFR accordlng to sun result. All SUN tests undertaken at all time points are included. Plots
demonstrate median and 95% Cls around the median; statistical significance demonstrated is according to Dunn’s multiple
comparison testing (**p<0.01, **p<0.001, ***p<0.0001). EGFR, estimated glomerular filtration rate; SUN, Saliva Urea Nitrogen.

ranged from 0.61 (0.56-0.65) for the diagnosis of any
Kidney Disease (AKI, AKD or CKD) to 0.87 (0.81-0.93)
for the detection of severe kidney disease (presenting
eGFR <15 mL/min/1.73 m?) (table 5 and figure 3). The
area under the ROC curve to diagnose any kidney disease
was similar in patient subgroups defined by age and sex,
and in patients with and without HIV (area under ROC
curve 0.61 if <38 years and 0.60 if >38 years; 0.60 if male
and 0.62 if female; 0.62 if HIV and 0.59 if no HIV). The
area under the ROC curves in patients with and without
symptoms/signs of dehydration at presentation were 0.63
and 0.59, respectively. The optimal threshold according
to Youden’s index for diagnosing all parameters was above
test pad #1. Specificity was highest, 91.3% (86.1-95.1),
when the test was used to detect any kidney disease, with
a positive predictive value of 90.5% (85.2-94.0) for this
diagnostic criterion. Sensitivity was highest, 82.3% (70.5—
90.8), when the test was used to detect a presenting eGFR
<15 mL/min/1.73 m2, with a negative predictive value of

97.8% (96.2-98.7) for this diagnostic criterion. Overall,
test accuracy improved as the severity of kidney disease
to be detected increased, 46% (42.1-49.9) test accuracy
for the detection of any kidney disease, compared with
81.8% (78.6-84.7) test accuracy for the detection of an
eGFR <15 mL/min/1.73 m* (sensitivity 82.3%; specificity
81.8%). The sensitivity and specificity for a change in
SUN (increase or decrease from enrolment to day 7) to
detect AKD or AKI were 81.9% (72.9-88.4) and 25.8%
(21.2-31.2), respectively, and therefore, did not provide
additional benefit compared with using the SUN at enrol-
ment alone.

Outcome according to SUN

Health facility outcome data were recorded in 436
patients; in-facility death occurred in 46 (10.6%) patients
overall. Mortality was higher in patients with elevated
SUN (test pad >#1) at enrolment compared with patients

Table 4 Correlation between SUN and creatinine, and SUN and EGFR

All SUN tests SUN at enrolment SUN at day 7 SUN at 1 months
No of pairs 1464 649 379 244
Spearman r (95% CI) 0.40 (0.35 to 0.44) 0.48 (0.42 to 0.54) 0.22 (0.12 t0 0.32) 0.20 (0.07 to 0.32)
SUN-creatinine
P value <0.0001 <0.0001 <0.0001 0.0022
Spearman r (95% CI) -0.39 (-0.43 to -0.47 (-0.53 to -0.41) -0.22 (-0.31 to -0.12) -0.21 (-0.33 to -0.08)
SUN-eGFR -0.34)
P value <0.0001 <0.0001 <0.0001 0.0008

eGFR, estimated glomerular filtration rate; SUN, saliva urea nitrogen.
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Figure 3 Receiver operating characteristic curves (ROC) for the performance of SUN (measured by dipstick) to detect any
kidney disease (AKI, AKD, or CKD), and presenting eGFRs of <60, 45, 30 and 15 mL/min/1.73 m?. AKI, acute kidney injury;
AKD, acute kidney disease; CKD, chronic kidney disease; eGFRs, estimated glomerular filtration rates; SUN, saliva urea

nitrogen.

with non-elevated enrolment SUN (test pad #1) (log rank
p<0.0001; HR 3.25 (1.7-6.1); figure 4).

DISCUSSION

Lack of availability of diagnostic tests is a major obstacle
to the management of kidney disease in LRS worldwide.
The SUN dipstick is a simple and inexpensive tool that
has shown promise in the detection of kidney disease.

In this study, we tested the feasibility and performance
of its use to detect kidney disease in multiple healthcare
settings in sub-Sahara Africa, where serum creatinine is
not routinely available.

Main findings
We enrolled 720 adult patients at increased risk of kidney
disease presenting to five healthcare facilities in Malawi.
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Figure 4

In-hospital survival according to presenting SUN (measured by dipstick). SUN, saliva urea nitrogen.
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SUN testing was feasible with 655 (92.3%) patients under-
going measurement at enrolment. Further SUN testing
over a maximum follow-up period of 6 months resulted
in 1479 SUN measurements being undertaken overall.
Creatinine and eGFR were significantly different between
SUN groups, and SUN correlated with both parameters
at multiple observation time points. SUN measured at
enrolment was specific (91.3%) but not sensitive (29.7%)
when used to detect any kidney disease. The diagnostic
performance of SUN was best when used to detect severe
kidney disease, with an area under the ROC curve and
test accuracy of 0.87% and 81.8%, respectively, when
used to detect an eGFR <15 mL/min/1.73 m?. In-hos-
pital mortality increased with increasing enrolment SUN.

Interpretation

The majority of acutely unwell patients in LRS present to
health centres and district hospitals. In Malawi, like most
LRS settings worldwide, these healthcare facilities do not
have access to measurement of creatinine making the
diagnosis of kidney disease almost impossible until its late
stage when oligoanuria has developed. As demonstrated
in this and other studies, kidney disease is prevalent in
patients presenting to such facilities, particularly in
those with additional risk factors for kidney disease.' ****
Many facilities are in rural areas, with unreliable power,
hence the development of laboratory and electricity
independent diagnostic tools to detect kidney disease is
important.

In this study, we recruited patients from five healthcare
facilities in Malawi that do not routinely have creatinine
available. Given the large number of patients that present
to these facilities each day, we used a risk score to screen
patients for risk of kidney disease, and enrolled patients at
increased risk. A high proportion of the enrolled cohort
(73.6%) had kidney disease, predominantly AKD and
AKI. The cohort was young (median age 38 years), with
a high prevalence of HIV (50.8%), presenting predomi-
nantly with acute infectious illness. This is representative
of populations presenting to such facilities across Malawi,
elsewhere in sub-Sahara Africa and in many other LRS
around the world.***

Undertaking SUN measurement using the dipstick is a
simple procedure. It does not require high levels of tech-
nical skill, electricity or refrigerated storage of reagents.
The result is available within 1 min, meaning initiation
of treatment in those identified with kidney disease
can be almost immediate unlike waiting for laboratory
measurement of serum creatinine. In this study, 92.3%
of patients at increased risk of kidney disease underwent
successful SUN measurement across all healthcare facil-
ities, demonstrating its use is feasible in community and
rural district settings in this part of the world. We did not
record the reasons why specific patients did not have SUN
recorded, but it is our experience that this is largely due
to the inability of the patient to provide sufficient saliva,
someltiréles due to acute confusion or reduced conscious
level.'”*°

We assessed the performance of the presenting SUN,
measured by dipstick, to detect kidney disease according
to a number of different criteria. These included kidney
disease according to KDIGO criteria (any of AKI, AKD
or CKD), and kidney disease according to a number
of different eGFR thresholds. When used to detect any
kidney disease, elevated SUN (>test pad #1) had a high
specificity of 91.3%, but a low sensitivity of 29.7%. The
positive predictive value was high (90.5%), but the nega-
tive predictive value was low (31.8%). We can, there-
fore, say that those patients without kidney disease are
unlikely to have an elevated SUN at presentation, and
if the presenting SUN is elevated, the patient is likely
to have kidney disease. However, a low proportion of
patients with kidney disease (according to these criteria)
have elevated SUN on admission, and we cannot confi-
dently exclude kidney disease in those with a negative
test (SUN=test pad #1). These findings are due to a high
number of false negatives (ie, the patient has the disease
but the presenting SUN measured by dipstick is not
elevated). This may be due to inappropriate test methods
being employed, or due to appropriate methods and
SUN not being elevated despite the patient having kidney
disease, or because the SUN was elevated, but this was
not detected appropriately by the dipstick. To determine
this, SUN would need to be measured by an alternative
method.

The performance of SUN improved as the severity
of kidney disease to be detected increased, supporting
previous findings.'” ™ The strip’s current ability to accu-
rately detect more severe kidney disease and its greater
specificity over sensitivity when detecting milder stages of
kidney disease is suited to its use in rural and commu-
nity low-income settings in areas without access to creat-
inine. Here, it is primarily important to identify those
patients with severe kidney disease who may benefit from
transfer to tertiary renal care. The low false positive rate
of SUN, especially when used to detect milder kidney
disease, mean that sparse resources for patient manage-
ment (eg, patient transfer) are not be wasted through the
incorrect labelling of patients with kidney disease. We do
not propose the SUN dipstick would replace the use of
creatinine. However, in healthcare facilities, including
the ones included in this study, that do not have access
to creatinine testing, we feel the SUN dipstick provides
an option for the detection of kidney disease and its
subsequent management. In this study, 143 patients with
kidney disease were identified using the strip (true posi-
tives), that otherwise would have been left undiagnosed
under standard clinical practice conditions. We antici-
pate this is likely to lead to improved patient outcomes,
but this requires further study.

Strengths and limitations

We have previously assessed the utility of SUN in the
management of kidney disease in high-income settings,
and in admissions to tertiary hospitals in sub-Sahara
Africa."*™™® * In this study, we tested its feasibility and
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performance in the management of patients at risk of
kidney disease presenting to low-resource healthcare
facilities where serum creatinine is largely unavailable.
Hence, the cohort in which the strip was tested, and the
settings where this was done, are highly representative of
those where we envisage this strip to be of greatest utility,
and is the major strength of this study. We did this in
a large number of patients, across multiple centres, in
community, rural and urban settings, across all seasons of
the year. In addition to assessing the strip’s performance,
we also demonstrated that in almost 1500 tests, SUN as a
continuous variable correlated with creatinine and eGFR,
across multiple observation time points (ie, as renal func-
tion changed with treatment). This supports previous
findings that SUN may not only be able to be used for
diagnosis of kidney disease, but also to monitor response
to treatment.'® 17 Moreover, we demonstrated that in-hos-
pital mortality increased according to presenting SUN,
supporting previous work, which highlighted SUN can
identify patients at increased risk, and be used to predict
their outcome.'”

The high proportion of patients at increased risk
of kidney disease undergoing successful SUN testing
supports its feasibility, but we would have liked to collect
reasons for inability to undertake the test. The study was
undertaken in a pragmatic manner and resource and
logistical restrictions meant BUN was not measured, and
we were, therefore, not able to make a direct correla-
tion between SUN and BUN. We included only patients
at increased risk of kidney disease according to one risk
score, and therefore, the strips performance in those not
at increased risk, or those at increased risk according to
alternative risk scores, in this study’s settings is unknown.
The cohort is this study was small with low muscle mass,
and creatinine measurements may have overestimated
true glomerular filtration rate. Similarly, BUN (and
hence SUN) may have been disproportionately raised
compared with creatinine due to the high proportion
of patients presenting with acute infectious illness and
dehydration. While we feel the cohort in this study is
representative of populations presenting to community
and district settings in other regions, to understand the
strip’s performance more comprehensively and make
our results truly generalisable globally, an international
multicentre study would have to be performed.

CONCLUSION

In adult patients presenting at increased risk of kidney
disease to low-resource healthcare facilities in sub-Sahara
Africa, the use of an SUN dipstick was a feasible screening
test. SUN was able to detect kidney disease according
to a number of criteria; its performance was optimal
when detecting severe kidney disease. SUN, measured
by dipstick, therefore provides an alternative to serum
creatinine in the screening of patients for kidney disease
in LRS where standard biochemical tests are unavailable.
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