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Objective. To determine the sensitivity, specificity, and positive and negative predictive values of the Micral-Test in determination of
microalbuminuria (MA).
Methods. Eighty children aged 5 -15 years with sickle cell anaemia (SCA) (HbSS) in a steady state attending the Lagos State University
Teaching Hospital were recruited. The subjects were age-, sex- and social-class-matched with controls of genotype AA (HbAA). This
prospective, descriptive and cross-sectional study lasted for 3 months, between October and December 2009. Morning random spot urine
was used to assess the Micral-Test and the albumin/creatinine ratio (ACR). The performance of the Micral-Test was determined using the
ACR as the gold standard.
Result. The sensitivity and specificity of the Micral-Test were 84.6% and 81.0%, respectively. The sensitivity and specificity were 100% and
86.6%, respectively, in children <10 years of age compared with 80% and 73.8%, respectively, in those >10 years old. The positive predictive
value was 28.2% and the negative predictive value was 98% among the study subjects.
Conclusion. The sensitivity and specificity of the Micral-Test make it a good screening tool to detect MA in children with SCA. The MicralTest is cheaper than quantitative measurement of ACR. Patients with a single positive Micral-Test should be followed up with two more
Micral-Tests over a 3-month period to confirm persistent MA.
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Sickle cell anaemia (SCA) accounts for more than
three-quarters of the >300 000 children born world
wide with a serious Hb disorder.[1] SCA is inherited
as an autosomal recessive disorder and is the most
common inherited condition affecting red blood
cells among blacks. There is a high burden of the disease in Africa,
particularly in Nigeria, where the heterozygous (AS) carrier rate is
~25% and homozygous rate (SS) is ~3%.[2,3] SCA accounts for 5% of
<5-year-old deaths on the African continent, more than 9% of such
deaths in West Africa and up to 16% in individual West African
countries.[4] The disease contributes to up to 26.5% of deaths in
children aged 5 - 15 years in Nigeria; this high disease burden
makes SCA a major cause of mortality in Nigeria.[5,6]
SCA is associated with alterations in the functions of many organ
systems, including the kidney.[7] Renal abnormalities associated with
SCA include concentration defects, impaired urinary acidification,
disruption of medullary vasculature, cortical scarring, proteinuria
and uraemia.[7] Renal failure, a major complication, has been found
to affect 5 - 18% of all patients with SCA, and leads to early death.[8]
Derangement of renal function observed in SCA is partly explained
by hyperfiltration and hyperperfusion. Essentially, these two
processes are consequences of significant insult to the glomerular
basement membrane, resulting in excessive loss of albumin in
the urine. This glomerulopathy is responsible for proteinuria and
progressive renal insufficiency.[9,10] An albumin excretion rate of
<20 μg/min (i.e. 30 mg/24 hours) is considered normal in healthy
individuals.[11] However, in SCA, early in the process of altered renal
function, albumin is lost in the urine in minute quantities above
the acceptable range but below the level (30 mg/dL) detectable by
routine dipstick analysis. The excretion of proteins by the kidneys
above the ‘normal’ range but below the level of standard dipstick
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detection is termed microalbuminuria (MA).[12] MA is a prelude to
the development of overt proteinuria.
The use of MA in the prediction of future development of overt
renal disease in diabetes and hypertension has been established
in diseases such as diabetes and hypertension. Methods employed
include the 24-hour urine albumin test, the overnight urine albumin
test (these are timed collections) and the spot urine test for
albumin and/or albumin/creatinine ratio (ACR) (these are earlymorning or random urine tests). The most accurate microalbumin
measurement is the 24-hour urine test, but this is cumbersome in
children and relies on patient compliance, which may be limited.
When urinary creatinine measurement is performed along with a
spot microalbumin test, the resulting ACR approaches the accuracy
of the 24-hour microalbumin test without the extended collection
difficulties.[10] An alternative to the 24-hour microalbumin test is the
spot microalbumin test (spot urine). The ease of specimen collection,
performance of the test and universal acceptance of results have
made this alternative attractive.[10]
The objective of the current study was to determine the usefulness
(accuracy) of a spot test (Micral-Test) compared with ACR as the
gold standard.

Methods

This study was conducted between October and December 2009 at
the Sickle Cell Clinic of the Lagos State University Teaching Hospital,
Lagos, Nigeria. The subjects included 80 children aged 5 - 15 years
with Hb genotype SS (HbSS), matched for age and sex with 80
children with Hb genotype AA (HbAA). Equal numbers of boys and
girls were recruited. The number of subjects recruited from each age
group depended on the proportions of the different age groups of
patients on the clinic register.
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Hb genotype was determined by electrophoresis using cellulose
acetate paper. Both subjects and controls tested negative for MA
by dipstick urinalysis. Subjects were in a steady state at the time of
investigation, defined as the absence of fever, acute illness or crisis in
the previous 4 weeks or more, and taking no other medication than
routine folic acid and prophylactic antimalarial medication.[13]
Written informed parental consent and assent of the subject, where
applicable, and Institutional Ethics Review Board approval were
obtained before commencement of the study.
Sample size was calculated using the formula for determining
single proportions.[14] The assumed prevalence of MA from a
previous study was 19.2%.[15] An effort was made to ensure an even
age and gender representation in the sample.
The following subjects were excluded from the study: children
with symptoms and signs suggestive of urinary tract infection or
pre-existing renal disease, children with ongoing menstruation or
vaginal/penile discharge, and children with a history of exposure to
drugs such as oxytetracycline within 72 hours of the study.
For each child, a detailed history was obtained, including age, sex
and relevant medical history including recurrent admissions, blood
transfusions, cigarette smoking, family history of hypertension, and
drugs taken within the preceding 72 hours. Each child was awarded a
socioeconomic index based on the occupations and educational attain
ment of parents or their caregivers, using the method described by
Oyedeji.[16] Those in social classes I and II were regarded as in the
upper socioeconomic stratum, those in social class 3 were regarded
as in the middle socioeconomic stratum, while those in social
classes IV and V were in the lower socioeconomic stratum.
A thorough physical examination was carried out on each child.
Axillary temperature was recorded in degrees Celsius (°C). A child
was regarded as febrile if the temperature was >37.5°C.[17] Weight and
height were recorded, and body surface area (BSA) and body mass
index (BMI) were derived using standard formulae.[18] The blood
pressure (BP) reading was taken on arrival at the clinic and only
repeated on departure if the initial reading was very high. This was
to minimise white-coat hypertension. The BP was recorded using
an Accoson (UK) sphygmomanometer using standard methods.[19]
Hypertension was defined as an average systolic BP that was ≥95th
percentile for sex, age and height.[19]

Ratios of 30 - 300 mg/g were classified as MA. Based on the results
of the urine screening, children were classified as follows: MA
absent, i.e. urine microalbumin <30 mg/g, or MA present, i.e. urine
microalbumin 30 - 300 mg/g.

Statistical analysis

Data for 160 subjects (80 sickle cell patients and 80 controls) were
analysed using SPSS version 16.0 (IBM, USA). Descriptive statistics
(means and standard deviations (SDs)) were calculated for continuous
variables. Differences between mean values were evaluated using
Student’s t-test, while discrete variables were compared using χ2 tests
or odds ratios at 95% confidence limits.

Results

A total of 160 children comprising 80 subjects with HbSS and
80 HbAA controls were recruited into the study. Table 1 shows
the distribution of subjects and controls according to age, gender
and socioeconomic class. By design, equal numbers of males
and females were recruited. The mean (SD) age of HbSS subjects
was 9.58 (3.26) years, and of the controls was 9.62 (3.40) years
(p=0.988). The majority of families were of the upper and middle
social strata, both accounting for >80% of either HbSS subjects or
HbAA controls. Overall, HbSS subjects weighed significantly less
than controls (p=0.001). Similarly, the mean height (131.20 (16.12)
cm), mean body surface area (BSA) (0.9 (0.26) m2) and mean BMI
(14.80 (2.04) kg/m2) of HbSS subjects were significantly lower
compared with HbAA controls (136.30 (16.01) cm, 1.1 (0.28) m2
and 17.40 (5.23) kg/m2 for height, BSA and BMI, respectively)
(p=0.045, p<0.001 and p<0.001, respectively). The mean systolic BP
was comparable in the two groups (99.4 (12.7) mmHg for HbSS and
98.8 (12.3) mmHg for HbAA, p=0.763). The diastolic BP was lower
in the SCA subjects (98.80 (12.28) mmHg) compared with that of
the controls (60.74 (10.66) mmHg, p=0.001).
Percentages are of total number of HbSS subjects (n=80) or HbAA
controls (n=80), as applicable.

Concordance of Micral-Test and ACR

ACR was used as the gold standard and the Micral-Test as the
screening test at this phase. All subjects, HbSS and HbAA, were

Specimen collection

All subjects were provided with three universal bottles for the
collection of morning random urine samples: one bottle for
macroalbuminuria using Combi-screen strips (combi-10 multistrips)
and the other two bottles for the Micral-Test and ACR, respectively.
Only subjects whose Combi-screen results were negative were
evaluated for MA by Micral-Test and microalbumin/creatinine
quantification. Caregivers and the subjects were instructed on how
to collect a midstream urine sample. The morning urine samples
for ACR were sent to the diagnostic laboratory within 2 hours of
collection.
About 2 mL of venous blood were collected from each patient
by venepuncture, using aseptic procedure. The blood sample was
for confirmation of Hb genotype, which was determined by paper
electrophoresis using tris buffer at pH 8.6.[20]
Urine specimens were screened for MA using Micral-Test strips
(Roche Diagnostics, USA). The urine samples were tested according
to manufacturer’s instructions. Screening was considered positive
when values of ≥20 mg/L were obtained.
Urine microalbumin was measured using the MA reagent in
conjunction with Synchron CX System and Synchron CX MA
Calibrator (Beckman Coulter, USA) in our diagnostic laboratory.
The MA reagent was used to measure the albumin concentration by
a turbidimetric method. Urine creatinine was measured using the
alkaline picrate method.[21] Urine ACR was mathematically derived.
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Table 1. Demographic characteristics of study subjects
HbSS subjects,
n (%)

HbAA controls,
n (%)

5-6

18 (22.5)

18 (22.5)

7-8

18 (22.5)

18 (22.5)

9 - 10

12 (15.0)

12 (15.0)

11 - 12

12 (15.0)

12 (15.0)

13 - 14

10 (12.5)

10 (12.5)

15

10 (12.5)

10 (12.5)

Male

40 (50.0)

40 (50.0)

Female

40 (50.0)

40 (50.0)

Upper (I and II)

33 (41.3)

39 (48.8)

Middle (III)

32 (40.0)

29 (36.2)

Lower (IV and V)

15 (18.8)

12 (15.0)

Age (years)

Sex

Socioeconomic index
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Table 2. Performance of the Micral-Test in comparison with
ACR as the gold standard in subjects <10 years old*
ACR
Micral-Test result

Positive, n

Negative, n

Positive

3 (TP)

11 (FP)

Negative

0 (FN)

71 (TN)

TP = true positive; FP = false positive; TN = true negative; FN = false negative.
*Sensitivity = 100%; specificity = 86.6%; positive predictive value = 21.4%;
negative predictive value = 100%.

Table 3. Performance of the Micral-Test in comparison with
ACR as the gold standard in subjects ≥10 years old*
ACR
Micral-Test result

Positive, n

Negative, n

Positive

8 (TP)

17 (FP)

Negative

2 (FN)

48 (TN)

*Sensitivity = 80%; specificity = 73.8%; positive predictive value = 32%;
negative predictive value = 96%.

pooled and analysed as a group. The sensitivity, specificity, positive
predictive value and negative predictive value of the Micral-Test
were 84.6%, 81.0%, 28.2% and 98.3%, respectively.
Next, the concordance analyses were repeated according to age
groups (<10 years and >10 years) (Tables 2 and 3, respectively).
Sensitivity, specificity and negative predictive value of the Micral-Test
were higher in younger subjects, while positive predictive value was
higher in older subjects. In spite of observed differences, sensitivity
of the Micral-Test remained >80%, specificity >70% and negative
predictive value >95%, irrespective of age group. Also, positive
predictive value of the Micral-Test was <40% for both age groups.

Discussion

The current study demonstrated high performance of the MicralTest as a screening test, using ACR as the reference standard. The
high sensitivity and specificity rates of the Micral-Test for MA
(84.6% and 81.0%, respectively) fall within the limits claimed by
the manufacturers and corroborate the findings of earlier clinical
studies.[22] Mogensen et al.,[23] in a large multicentre study, observed
a sensitivity of 96.7% and a specificity of 71% for the diagnosis
of MA with the Micral-Test II. The reference standard for MA
diagnosis was the measurement of albumin concentration in a spot
urine sample (20 mg/L) rather than ACR determination. Incerti et
al.[24] demonstrated the sensitivity and specificity of the Micral-Test
as 90% and 46%, respectively, using urine albumin excretion rate in
24-hour urine as the reference standard on the receiver operating
characteristic curve. A study in the USA found a sensitivity of 88%
and specificity of 80%, which are similar to the current study;[12]
however, our study observed a lower positive predictive value of
28.2% than the 69% reported in their study.
Other authors have also described a higher sensitivity (95.2%)
and specificity (84.7%) for MA diagnosis than those observed in the
current study.[25] These differences could be due to the performance
of strip readings in first morning urine specimens, in which the
known diurnal variation in albumin excretion is not present,
compared with a random urine specimen. Albumin measurements in
a first morning urine specimen correlate more with 24-hour protein
excretion than measurements in a random spot urine sample.[26,27]
A good screening test is expected to have a very high sensitivity
so that very few true positives are missed. This requirement is
demonstrated by the Micral-Test, with 84.6% sensitivity. In addition,
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the high specificity of 81% and high negative predictive value of
98.3% show the ability of the Micral-Test to identify true negatives
and to exclude false negatives. Perhaps the strongest finding with
the use of the Micral-Test in this study is the very high negative
predictive value of 98.3%. The implication is that in negative cases,
the test result is almost uniformly correct.
The main limitation of the Micral-Test is its low positive predictive
value of 28.2%. This implies that if a test is positive, the patient
would need further evaluation to be certain that it is not a case of
false positivity. However, the impressive diagnostic indices of the
Micral-Test for MA remained high irrespective of age of subjects.
Thus, overall, the value of the Micral-Test in the investigation of MA
is very good.
The average cost of performing the Micral-Test was USD5
(NGN750) per subject, while ACR cost about USD30 (NGN4 200)
per test. It is important to note that quantitative ACR can only
be done where there is suitable laboratory structure, whereas the
Micral-Test does not depend on any prerequisite. In this regard,
immediate urine results using the Micral-Test may represent an
advantage, especially when a standard quantitative technique is not
readily available. According to National Kidney Foundation/Kidney
Disease Outcome Quality Initiative (NKF/KDOQI) guidelines,[27] it
is usually not necessary to obtain a timed urine collection for MA
evaluation, and albumin should be measured in a spot urine sample
using either an albumin-specific dipstick or ACR. However, it is
important to note that patients with a positive dipstick test should
undergo confirmation of MA by a quantitative measurement.[27]
Renal failure, a major complication of sickle cell disease, leads to
early death.[5] Scheven et al.,[28] in their recent study, identified isolated
MA as indicative of a poor medical prognosis. Early detection of the
at-risk population of SCA and forestalling progression of disease
are important. With the high burden of SCA and the seemingly
bleak future for curative nephrology in the resource-poor Nigerian
environment, prevention is definitely key.

Conclusion

The sensitivity and specificity of the Micral-Test makes it a good
screening tool to detect MA in children with SCA. The Micral-Test
is cheaper than the quantitative measurement of ACR. Patients with
a single positive Micral-Test should be followed up with two more
Micral-Tests over a 3-month period to confirm persistent MA. Our
study was a cross-sectional study, therefore we cannot say how many
sickle cell subjects have ended up in renal failure and how long after
the identification of MA. A longitudinal study would be required to
answer these questions.
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