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Point of Care Diagnosis of Anemia
Using Portable Auto Analyzer
We describe a method for capillary blood sample-based point-of
care testing of hemoglobin in population-based surveys using an
automated analyzer system. The accuracy and precision of this
method was comparable to hemoglobin estimated from venous
blood sample (mean difference (SD) =0.2 (-2.77, 3.2), Pearson
correlation coefficient, (0.969).
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The Intensified National iron plus initiative (I-
NIPI) guidelines of the Anemia Mukt Bharat
aim at reducing anemia prevalence by 3% per
annum [1]. One of the important strategies of

the I-NIPI program includes screening and treatment of
anemia among pregnant women (using invasive digital
hemoglobinometers) and adolescent girls and boys (using
non- invasive digital hemoglobinometers) [2]. The
accuracy and reliability of hemoglobin estimates using
these point of care devices have large variations
depending on the collection technique, instrument used,
and blood sampling methods (capillary vs venous) [3].

Automated hematology cell counters offer
advantages like improved accuracy and precision,
reduced subjective errors, efficiency with time, space and
manpower, and safe handling of blood. However, the use
of autoanalyzers is currently restricted to diagnostic
laboratories due to relatively higher cost and need for use
of venous blood samples [4].

Using capillary blood sample for hemoglobin
estimation is advantageous for point of care diagnosis of
anemia as it is less invasive, less painful and therefore
more acceptable compared to venous blood samples.
However, hemoglobin values using capillary samples are
less accurate than venous samples [5]. Variability in
sample quantity and quality based on skin thickness at
puncture site and, the size and depth of incision make
capillary sampling error prone. Moreover, variability of
hemoglobin between consecutive blood drops has been
demonstrated due to humidity, stability of reagents in
cuvettes and inter-individual variation in the devices [6].
Standardized techniques that minimize inter-subject and
inter-operator variation are required for both capillary
blood sample collection and analytical measurements of
hemoglobin. We, therefore, standardized a technique to

collect capillary blood samples in microtainers for direct
infusion in auto-analyzer for hemoglobin measurement.
We also compared performance of different lancets for
collection of capillary blood samples.

The present study was approved by the institutional
ethics committee of our institution. Capillary blood
samples were collected in 27 volunteers using one of the
three finger-prick devices: i) Lancet A: traditional sterile
lancet (Medipoint Blood lancet, NY, USA); ii) Lancet B:
a pen needle device (Amkay blood lancet, Thane, India),
and iii) Lancet C: contact activated lancet (Becton,
Dickinson and company Ltd, Dublin, Ireland) (Fig. 1).
Venous sample was also collected in each participant
following standard protocols [7].

Capillary blood samples were collected using
protocol by Krleza, et al. [8]. The first drop was wiped off
and 200 µL (about 4-6 drops) of free flowing sample was
collected using K2EDTA-microtainer (BD, Ltd, Dublin,
Ireland) which was then mixed, and directly infused into
an autoanalyzer (Horiba, Kyoto, Japan, approximate
cost: Rs. 2.5 lakhs /unit) for hemoglobin measurement.
Hemoglobin estimated using capillary and venous blood
samples were compared using paired t test and Bland
Altman plots.

Higher hematocrit values were observed in capillary
samples compared to venous blood with all the lancets
tested. The minimum difference was with lancet C
(Table I). The difference between capillary and venous
samples in hematocrit and in hemoglobin were closely
associated (r=0.9).

The touch activated lancet (lancet C) was
advantageous compared to other two devices, as it
reduced inter-individual variation in prick size and
allowed effortless collection of 4-6 blood drops (about
200 µL in 20-25 seconds) into EDTA- microtainer tubes.
This provided a capillary sample with characteristics
closer to venous sample (Table I). It caused less
discomfort to participants, probably because the length of
the incision device was not visible. The major difficulty
with lancet A was related to the variable prick size which
sometimes needed forced milking of the finger to collect
adequate sample. The free flow of blood was achieved
with lancet B; however, it took more than a minute for
collecting the required volume of blood sample.

As the capillary blood sample collected with lancet C
provided hemoglobin estimate closer to that using venous
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blood sample, a large number of samples (n=50) were
later collected in different age groups including young
children in the age group 1-5 years (data not reported
separately).

Capillary method of collection can overestimate
hemoglobin due to higher hematocrit [4], which can be
minimized by the collection method used in the present
study. The (per unit) cost of lancet C was substantially
higher (Rs.32) than the lancet A (Rs. 2) and lancet B (Rs.
3.50). Overall cost of analysis (about Rs 75 per sample)
including, lancet C, microtainer and reagents was
substantially higher than that with other commonly used
PoC method like digital hemoglobinometer. However,
considering the important advantages of the autoanalyzer
and potential economy of scale when used in population
based surveys and in screening programs for treating
anemia, the benefits are likely to outweigh the cost.
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Table I Comparison Between Hemoglobin Estimated Using
Capillary Blood Sample and Venous Blood Sample

Lancets                   Hemoglobin (g/dL)
Venous Capillary MD (95% CI)

Lancet A  (n=9) 13.9 (2.7) 17.3 (2.57) -3.5 (-12.4, 8.5)
Lancet B (n=9) 13.9 (1.08) 16.2 (2.94) -2.3 (-6.5, 1.9)]
Lancet C(n=50) 10.7 (1.9) 10.5 (2.45) 0.2 (-2.77, 3.2)
*As the mean differences between capillary and venous sample were
unacceptably high with lancets A and B, more samples were collected
only with lancet C to assess the precision of the estimates; Pearson
correlation coefficient (r) was –0.49, 0.84 and 0.97 for Lancet A, B and
C, respectively; MD-Mean difference.
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Web Fig. 1 Lancet devices and microtainer; Lancet a: traditional; Lancet b: pen needle device; and lancet c: contact activated.


