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Abstract:

Introduction: Anemia remains a global public health concern requiring accurate hemoglobin estimation for
diagnosis and management. Automated hematologyanalyzers are gold standards but often impractical in resource-
limited settings. The portable Hemocue Hb 301 offers a rapid alternative.

Objective: This study aimed to compare hemoglobin concentration values obtained using the Hemocue Hb 301
device with those from the ERBA H-560 automated hematologyanalyzer in a clinical outpatient population.
Methods: In this prospective cross-sectional study, 100 patients at a tertiary care hospital in Tamil Nadu, India,
underwent hemoglobin testing by both Hemocue Hb 301 (capillary blood) and ERBA H-560 analyzer (venous
blood). Statistical analyses included paired t-tests and Pearson’s correlation to assess agreement and accuracy.
Results: The mean hemoglobin was 11.2 g/dL (SD 2.29) by Hemocue and 11.6 g/dL (SD 2.35) by ERBA H-560,
with no statistically significant difference. A strong positive correlation was found (r = 0.971, p = 0.001),
indicating high concordance.

Conclusion: Hemocue Hb 301 is a reliable and practical point-of-care device for hemoglobin estimation, showing
comparable accuracy to automated analyzers. It is suitable for anemia screening in settings lacking laboratory
infrastructure, facilitating timely diagnosis and public health interventions.

Keywords: Hemocue Hb 301; Automated Hematology Analyzer; Hemoglobin Estimation; Anemia Screening;
Point-of-Care Testing
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Introduction

Anaemia is a major global health concern, affecting
approximately 1.62 billion individuals worldwide,
with a prevalence of 24.8% as estimated by the
World Health Organization (WHO) in 2020 [1]. In
India, the burden of anemia remains particularly
high, with recent data indicating a prevalence of
53% among women, reflecting a slight increase from
52.6% in 2016 [2]. This condition is characterized
by hemoglobin concentrations below the normal
reference range for age and gender, and it is
associated with significant morbidity, impaired
cognitive development, and increased risk of
maternal and perinatal complications.

Accurate hemoglobin estimation is essential for the
diagnosis and management of anemia. Automated
hematologyanalyzers are considered the gold
standard due to their high precision and reliability.
However, their use is often limited in rural and

resource-constrained settings due to the lack of
laboratory infrastructure and trained personnel. In
such contexts, portable devices like the Hemocue Hb
301 system offer a practical alternative [3-5]. The
Hemocue Hb 301 is an economical, rapid, and user-
friendly method that requires only a minimal blood
sample and does not demand specialized training,
making it especially suitable for field settings,
community health programs, and for patients where
venous blood collection is challenging [3].

Several studies have evaluated the reliability and
accuracy of the Hemocue Hb 301 system in
comparison to automated hematologyanalyzers.
These studies have generally reported strong
correlation and agreement between the two methods,
supporting the use of Hemocue Hb 301 for anemia
screening in resource-limited settings. However,
there is a need for further validation in diverse
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populations and clinical settings to ensure its
widespread applicability and reliability [4].

This study aims to compare hemoglobin
concentration levels obtained from the Hemocue Hb
301 system and an automated hematologyanalyzer
(ERBA H-560) in a tertiary care hospital setting. By
assessing the reliability and accuracy of the
Hemocue method, this research seeks to determine
its suitability as a dependable alternative in settings
where access to laboratory facilities is limited. The
findings of this study will contribute to the evidence
base for the use of portable hemoglobin estimation
devices in anemia screening programs, particularly
in rural and resource-limited areas [5-7].

Methodology

Study Design and Setting: This prospective cross-
sectional observational study was conducted in the
Department of Pathology at Meenakshi Medical
College and Research Institute (MMCHRI),
Kanchipuram, between 2024 and September 2025.
Ethical approval was obtained from the institutional
ethical committee (Ethical clearance no:
MMCHRVIEC/XXXX), and the research adhered to
all ethical guidelines throughout the study period.

Patient Consent: In this study, the objectives,
procedures, potential risks, and benefits were clearly
explained to all participating patients. Written
informed consent was obtained from every adult
participant prior to sample collection. For patients
who were minors, consent was obtained from their
parents or legal guardians. Patients were informed
that participation was entirely voluntary and that
they could withdraw from the study at any time
without affecting their medical care. Confidentiality
of all personal and clinical data was maintained
throughout the study [8-9]. This informed consent
process adhered strictly to ethical guidelines set
forth by the institutional ethical committee and
complies with the Declaration of Helsinki principles
for human research.

Inclusion and Exclusion Criteria: All patients
undergoing hemoglobin estimation as part of routine
hematology laboratory testing were eligible for
inclusion irrespective of age. Patients who
consented to participate were included, while those
unwilling to provide consent were excluded from the
study. Informed consent was obtained from adult
participants and from the parents or guardians of
minors.

Sample Collection and Processing: Both capillary
and venous blood samples were collected from each
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participant. Capillary blood was obtained by
pricking the left middle fingertip using a sterile
lancet; the first drop was wiped away, and
subsequent blood was collected using a Hemocue
Hb 301  microcuvette. The  hemoglobin
concentration was estimated immediately using the
Hemocue Hb 301 device by photometric
measurement at the hemoglobin/oxyhemoglobin
isosbestic point [10].

Venous blood (approximately 3 mL) was drawn
from the antecubital vein into EDTA vacutainers
following standard aseptic protocols. Tubes were
gently inverted 4-5 times for mixing and transported
in a cold box maintained at 4-8°C to the hematology
laboratory on the same day. Venous samples were
analyzed using the ERBA H-560 automated
hematologyanalyzer[11].

Quality Control Measures: Quality checks for the
Hemocue Hb 301 system were conducted weekly
using Eurotrol Hb301 control samples to ensure
device accuracy. The ERBA H-560 analyzer
underwent daily quality assurance processes as per
manufacturer guidelines [11].

Data Collection and Statistical Analysis: Relevant
demographic and clinical information was recorded
for each participant. Hemoglobin values from both
devices were documented for analysis. Statistical
calculations were performed using SPSS version 22
software. Descriptive statistics summarized data as
means, medians, and standard deviations. The paired
t-test was employed to compare mean hemoglobin
levels between methods, and Pearson’s correlation
coefficient was calculated to assess the strength of
association [10-12]. A p-value of less than 0.05 was
considered statistically significant, indicating
reliable concordance between the Hemocue and
automated analyzer measurements.

Results

The present study included 100 participants with a
wide age range from 6 to 85 years, and a mean age
of 41.2 years (standard deviation 17.7), indicating
moderately young to middle-aged population with
some representation of elderly subjects [Table-1].
The clinical diagnoses among the participants were
diverse, reflecting a general outpatient setting. The
most common conditions were pregnancy (10%),
stomach pain (8%), and fever (7%), followed by eye
check-ups, leg pain, wheeze, body pain, and
dysfunctional uterine bleeding, among others,
highlighting a mix of acute, maternal, and
symptomatic presentations [Table-2].
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Table 1: Demographic Characteristics of Study Participants (N=100)
Parameter Value
Sample Size (N) 100
Mean Age 41.2 years
Median Age 37.5 years
Standard Deviation (Age) 17.7 years
Age Range 6 to 85 years

Table 2: Clinical Diagnosis Profile

Diagnosis Number of Cases Percentage (%)
Pregnancy 10 10.0
Stomach Pain 8 8.0
Fever 7 7.0
Eye Check-up 6 6.0
Leg Pain 5 5.0
Wheeze 5 5.0
Body Pain 4 4.0
Dysfunctional Uterine Bleeding (DUB) 4 4.0
Anemia 3 3.0
Hypertension 2 2.0

Hemoglobin concentration measurements obtained
from the portable Hemocue Hb 301 device showed
a mean of 11.2 g/dL. with a standard deviation of
2.29, closely comparable to the mean of 11.6 g/dL
(SD 2.35) obtained from the ERBA H-560
automated hematologyanalyzer [Table-3]. The
median values were similarly close (11.1 vs. 11.5
g/dL), with overlapping minimum and maximum
hemoglobin values, suggesting a borderline anemic
range according to WHO cutoffs for adults.
Statistical comparison showed that the Hemocue
device provides hemoglobin estimations that mimic

those derived from the established automated
method.

Further supporting these findings, a strong positive
linear correlation was observed between the two
measurement methods. Pearson’s  correlation
coefficient was 0.971 (df=98), which was
statistically significant with a p-value of 0.001,
indicating high concordance between Hemocue Hb
301 and ERBA H-560 readings across the sample
population [Table-4].

Table 3: Hemoglobin Concentration Comparison

Parameter Hemocue Hb 301 (g/dL) ERBA H-560 (g/dL)
Sample Size (N) 100 100

Mean 11.2 11.6

Median 11.1 11.5

Standard Deviation (SD) 2.29 2.35

Minimum Value 2.3 2.2

Maximum Value 16.2 17.0

Table 4: Correlation Between Hemocue 301 and ERBA H-560 Hemoglobin Values

Statistical Parameter Value
Pearson’s Correlation Coefficient (1) 0.971
Degrees of Freedom (df) 98
p-value 0.001

This strong correlation affirms the Hemocue
system’s reliability as a portable alternative for
hemoglobin estimation and demonstrates its
suitability for field use, particularly in resource-
limited settings where conventional laboratory.

infrastructure is unavailable. Together, these results

highlight that the Hemocue Hb 301 device provides
comparable hemoglobin measurements to the
automated analyzer, with consistent accuracy across
diverse participant demographics and clinical

conditions. This supports its deployment for anemia
screening and monitoring, offering a practical tool to
extend diagnostic capabilities beyond traditional
laboratories.

Discussion

This study demonstrated that the portable Hemocue
Hb 301 device provides hemoglobin concentration
measurements comparable to those obtained from
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the ERBA H-560 automated hematologyanalyzer,
with a strong positive correlation (r = 0.971, p =
0.001), indicating high analytical concordance.
These findings align well with previous validation
studies conducted globally. For instance, a
validation study in India by Rathod et al. found a
minimal bias of —0.09 g/dL (LOA: —1.97 to 1.80)
between = Hemocue  Hb 301 and a
hematologyanalyzer among pregnant women, with
sensitivity and specificity values exceeding 80%,
underscoring the reliability of Hemocue in field
conditions. Similarly, Cichon et al. showed that
despite small biases influenced by blood draw site
and device model, Hemocue Hb 301 vyielded
clinically acceptable results when compared to
automated analyzers, supporting its use in diverse
populations [3-5].

In our study, hemoglobin values measured via
Hemocue tended to be slightly lower on average
(mean 11.2 g/dL) than those from the automated
analyzer (mean 11.6 g/dL), but this difference was
not statistically significant. This trend mirrors
findings from a Peruvian field study where the
Hemocue device demonstrated a mean bias of 0.36
+ 0.93 g/dL relative to automated methods, with
authors noting that such small variations are within
clinically acceptable limits and should not affect
anemia classification decisively. The consistency in
our results with these studies supports the accuracy
of the Hemocue Hb 301 device across different
demographic groups and clinical settings [8].

However, some studies report wider limits of
agreement and small biases that may translate into
misclassification in individual cases. A Gambian
pediatric study showed relative overestimation by
Hemocue and similar portable devices compared to
an automated analyzer, indicating the necessity of
quality control and attention to operational protocols
in field use. These findings suggest that while
Hemocue devices are robust for screening purposes,
confirmatory testing by laboratory analyzers
remains the standard for clinical decision-making,
especially in borderline hemoglobinlevels[11-12].

The main study limitation was the single-center
design with a limited sample size (N=100), which
may affect generalizability to other populations or
clinical contexts. Although diverse in age and
diagnoses, participants were primarily outpatients,
potentially limiting extrapolation to inpatient or
critically ill groups. Capillary and venous sampling
methods, though standardized, are subject to
inherent pre-analytical variability influencing
accuracy, as highlighted in prior research.
Additionally, the Hemocue device's performance
can be affected by environmental factors
(temperature, humidity) and operator skill, which
were controlled but not exhaustively assessed here
[13-15].
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Despite these limitations, the study confirms that the
Hemocue Hb 301 device is a practical, reliable, and
rapid point-of-care testing tool for hemoglobin
estimation. Its portability and ease of use make it
particularly valuable in low-resource and remote
settings where automated analyzers are inaccessible.
Adoption of Hemocue technology can facilitate
large-scale anemia screening programs, improve
early detection, and enable timely intervention,
ultimately contributing to better public health
outcomes. Integration with confirmatory automated
hematology testing is recommended for diagnostic
accuracy in clinical care.

Conclusion

The study concludes that the Hemocue Hb 301
device is a reliable and valid point-of-care tool for
hemoglobin estimation, demonstrating strong
correlation and comparable values to the ERBA H-
560 automated hematologyanalyzer. The mean
hemoglobin concentrations obtained by Hemocue
closely matched those from the automated system,
with statistical correlation (r = 0.971, p = 0.001)
supporting its accuracy in diverse clinical contexts.
These findings align with existing literature, where
Hemocue devices have shown robust performance,
especially in resource-limited settings requiring
rapid screening, while minor variability and biases
have been noted in the literature, particularly at
extreme hemoglobin levels or with capillary
sampling, the device’s ease of use, portability, and
minimal infrastructure requirements underscore its
practical utility. Limitations of the study include its
single-center design and sample size, which may
limit broader generalization, and the inherent
variability in capillary versus venous blood draws.
Nonetheless, Hemocue Hb 301 remains a valuable
tool for anemia screening programs, enhancing
accessibility and enabling timely clinical decision-
making.
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