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ABSTRACT 

Objective: To compare the effectiveness and accuracy between manual and automated reticulocyte counting methods, and to 
assess the agreement between these methods.  
Study Design: Analytical ross-sectional study. 
Place and Duration of Study: Department of Hematology, Armed Forces Institute of Pathology (AFIP), Rawalpindi, from Jul 
2024 to Feb 2025. 
Methodology: Reticulocyte counts were simultaneously determined by manual microscopic counting and automated counting 
using the Sysmex XN-3000 hematology analyzer. Comparability, intra-batch precision, correlation, and cost-effectiveness of 
both methods were evaluated. Data analysis included descriptive statistics, Spearman’s correlation, and Bland-Altman 
agreement analysis was performed using Statistical Package for the Social Sciences (SPSS) version 23.0. 
Results: A total of 189 patient samples were analyzed, comprising 108(57.1%) males and 81(42.9%) females, with a median age 
of 20.0 years. Manual reticulocyte counts had a median of 1.80% (Range: 0.2–10.5%), whereas automated counts showed a 
median of 2.20% (Range: 0.3–12.6%). Spearman’s rank correlation demonstrated a strong positive correlation between the two 
methods (ρ=0.960, p<0.001). Bland-Altman analysis revealed a mean bias of 0.44% (95% Confidence Interval: 0.357–0.531%), 
indicating slight systematic overestimation by the automated method. Using manual criteria, 102(54.0%) samples were 
classified as normal (1.0–2.5%), whereas the automated method similarly classified 90(47.6%) samples. The automated method 
categorized more samples as high (>2.5%) compared to manual counting (40.2% vs. 28.0%). 
Conclusion: Microscopic manual reticulocyte counting is a reliable method for evaluating reticulocyte counts in resource-
constrained areas as it possesses the ability to effectively distinguish between high and low reticulocytes levels crucial for 
clinical decision-making. 
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INTRODUCTION 

Reticulocytes are immature red blood cells that 
contain intracellular ribonucleic acid (RNA) and 
ribosomes,1 with increased reticulocytes number in 
blood reflecting active bone marrow while reduction is 
indicative of hypoactivity,2 serving as a key indicator 
of red cell production activity.3 Hence, an elevated 
reticulocyte count reflects acute blood loss, 
haemolysis, or recovery following treatment for iron, 
vitamin B12, or folate deficiencies.4 Conversely, 
uncorrected nutritional deficiencies or marrow failure 
typically result in low reticulocyte counts. Monitoring 
reticulocyte levels offers a practical approach to assess 
the efficacy of erythropoietin therapy and can also be 
used to predict the recovery from chemotherapy or 

transplanted bone marrow in patients with aplastic 
anemia or cancer.2,5 Currently, two primary methods 
are employed to determine reticulocyte count, one 
being the traditionally used manual method and the 
other bring an automated method.5 which involves 
labelling reticulocytes with polymethine or similar 
fluorescent dyes for automated measurement based on 
fluorescence intensity, providing additional indices 
such as the immature reticulocyte fraction (IRF), mean 
reticulocyte cell volume, and reticulocyte haemoglobin 
(Ret Hb) content,6 but despite its accuracy, factors such 
as cost of equipment and reagent availability remain 
an obstacle. Another approach to reticulocyte counting 
is through flow cytometry and is reported to have 
significant advantages over manual counts,7,8 but 
presence of nucleated red cells, Howell–Jolly bodies, 
sickle cells, or giant platelets may interfere with the 
precision of reticulocyte counts.8 Therefore, manual 
counting by light microscopy with supravital dyes for 
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RNA, remains the standard,9 with commonly used 
supravital dyes being brilliant cresyl blue and new 
methylene blue.10 The aim of this study was to 
determine the correlation between manual and 
automated methods of reticulocyte counting in 
patients as manual reticulocyte count is a cheap and 
inexpensive method as compared to automated 
method.  

METHODOLOGY 

This was an analytical cross-sectional study 
which was conducted in the Department of 
Haematology, at Armed Forces Institute of Pathology 
(AFIP), Rawalpindi, Pakistan. Ethics approval was 
obtained from Institutional Review Committee (ERC 
Number: FC-HEM23-20/READ-IRB/24/3556) and the 
study spanned eight months, commencing in July 2024 
and concluding in February 2025. The sample size for 
this study was calculated using G*Power software 
(version 3.1.9.7), employing a paired-sample t-test 
(two tailed) to compare manual and automated 
reticulocyte count percentages obtained from the same 
patient samples where an effect size (dz) of 0.237, 
representing the mean difference in reticulocyte 
percentages between manual and automated methods, 
was derived from previously published literature.11 
With a desired statistical power of 90% and keeping a 
significance level (α) at 0.05, a total sample size of 189 
was calculated, attained using non-probability 
consecutive sampling. Blood samples approximately 
3ml in volume were collected from each participant, 
after taking informed, written consent and processed 
within 4 hours of collection.  

Inclusion Criteria: Patients of all ages, from both 
genders, referred for haemoglobin studies were 
included. 

Exclusion Criteria: Samples received from outside the 
hospital, those with insufficient blood volume and 
anticoagulant other than Ethylenediaminetetraacetic 
acid (EDTA) were not included.  

Manual reticulocyte counting was done using 
conventional method where one drop of blood from 
EDTA vial and one drop of retic stain (supravital dye) 
were taken in test tube and incubated for 20 minutes 
in water bath at 37°C. Smear was prepared on glass 
slide and allowed to air dry. The slide was than 
examined under microscope (CX23 Olympus, Japan) 
at 100x magnification by using the oil immersion lens 
for identification and counting of reticulocytes. One 
thousand red cells were counted on each smear and 
the percentage of cells containing stained RNA was 

calculated microscopically by two different qualified 
observer. To reduce observer-related variability, 
rigorous steps were taken as per previously validated 
approaches. Both observers underwent standardized 
training, each blood smear was independently 
examined by both, who were blinded to each other’s 
results, and ocular insets were not utilized to avoid 
counting bias. The microscope was calibrated for 
optimal focus and light intensity to ensure clear 
differentiation of reticulocytes. The final reticulocyte 
count was determined by calculating the mean of 
these independent assessments, a procedure 
supported by prior studies.11 For the automated 
reticulocyte count the same samples were run using a 
Sysmex XN-3000 hematology analyzer, using its 
reticulocyte mode following the manufacturer's 
protocols. The RNA residues in reticulocytes were 
marked with fluorescent dye polymethine which 
penetrated the cell membrane and stained them. 
Reticulocyte quantification was based on the forward 
light scatter principle and reticulocytes were classified 
into four categories according to fluorescence 
intensity: High Fluorescence Ratio (HFR), Medium 
Fluorescence Ratio (MFR), Low Fluorescence Ratio 
(LFR) and Immature Fluorescence Ratio (IFR). The 
instrument also provided additional parameters such 
as Immature Reticulocyte Fraction (IRF), which is 
combined percentage of MRF and HFR indicating the 
proportion of immature reticulocytes in circulation, 
and the reticulocyte hemoglobin content (Ret-Hb), 
representing the hemoglobin content of reticulocytes. 
Data was analyzed using Statistical Package for Social 
Sciences (SPSS) version 23.0. The normality of 
quantitative variables (age, manual reticulocyte count, 
and automated reticulocyte count) was assessed by the 
Shapiro-Wilk test, and all variables were found to be 
non-normally distributed, hence, they were presented 
as median and interquartile range (IQR). Qualitative 
variables (gender and reticulocyte count categories of 
low, normal, high) were presented as frequencies and 
percentages. Wilcoxon signed-rank test was applied to 
compare manual and automated reticulocyte counts 
and correlation between manual and automated 
reticulocyte counts was analyzed using Spearman’s 
rank correlation coefficient. Agreement analysis 
between the two methods was evaluated using Bland-
Altman plots and a p-value of ≤0.05 was considered 
statistically significant. The coefficient of variation for 
manual counting was 18.5%, compared to 8.7% for the 
automated method, highlighting the superior 
precision of the automated analyzer. Cost analysis 
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revealed that manual counting was significantly less 
expensive compared to automated counting which 
cost four times more than manual counting. 
 

 
Figure-1: Methodology of Study 
  

RESULTS 

A total of 189 patient samples were analyzed, 
comprising 108(57.1%) males and 81(42.9%) females. 
The median age of patients was 20.0 years (IQR: 12.0–
30.0 years), ranging from 1 to 50 years. Hypochromic 
microcytic anaemia was the most common clinical 
indication for reticulocyte counting. Descriptive 
statistics for reticulocyte counts showed manual 
counts ranging from 0.2% to 10.5%, with a median of 
1.80% (IQR: 1.20–2.70%), and automated counts 
ranging from 0.3% to 12.6%, with a median of 2.20% 
(IQR: 1.57–3.10%). Correlation between manual and 
automated reticulocyte counts was assessed using 
Spearman’s rank correlation coefficient, revealing a 
statistically significant positive correlation (ρ=0.960, 
p<0.001). This indicated consistent associations 
between higher counts measured by one method and 
higher counts measured by the other, where the red 
dashed line in the correlation plot represents the line 
of identity, illustrating agreement between 
methodologies  as shown in Figure-2. 

 

Figure-2: Correlation Between Manual and Automated Reticulocyte Count 
(n=189, Spearman’s Rank Correlation Coefficient (ρ) Used to Assess 
Correlation, Red Dashed Line Represents Line of Identity) 

Agreement between the two methods was further 
analyzed using Bland-Altman plotting where mean 
bias of 0.44% (95% CI: 0.357%–0.531%) was observed, 
indicating systematic slight overestimation by the 
automated method compared to the manual method 
as seen in Figure-3. 
 

 

Figure-3: Bland-Altman Plot Illustrating Agreement Between 
Manual and Automated Reticulocyte Counts (n=189) 
 

Using the manual method, 34(18.0%) samples 
had low reticulocyte counts (<1%), 102(54.0%) were 
within the normal range (1–2.5%), and 53(28.0%) had 
high counts (>2.5%). Using the automated method, 
23(12.2%) samples were classified as low, 90(47.6%) as 
normal, and 76(40.2%) as high, as summarized in 
Table-I. 

Table-I: Distribution of Reticulocyte Count Values (n=189) 

Parameters 
Manual Method 

(n=189) 
Automated Method 

(n=189) 

Median (IQR) (%) 1.80 (1.20 - 2.70) 2.20 (1.57 - 3.10) 

Range (%) 0.20 - 10.50 0.30 - 12.60 

Distribution by clinical ranges, n (%): 

Low (<1%) 34 (18.0%) 23 (12.2%) 

Medium (1-2.5%) 102 (54.0%) 90 (47.6%) 

High (>2.5%) 53 (28.0%) 76 (40.2%) 

IQR: Interquartile Range  
 

Table-II: Comparison of Manual and Automated 
Reticulocyte Counting (n=189) 

Method Median (IQR) p-value  

Manual Reticulocyte Count 1.80 (1.20–2.70) <0.001 

Automated Reticulocyte Count 2.20 (1.57–3.10) 

IQR: Interquartile Range  
 

There was a statistically significant difference 
between manual and automated reticulocyte counts, 
with the automated method generally reporting 
higher values and demonstrating a wider variability. 
As shown in Table II, this reflects a tendency of the 
automated system to classify more samples at the 
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higher end of the measurement range compared to 
manual microscopy, highlighting the consistent 
upward shift observed between the two methods. 
Automated reticulocyte counting yielded consistently 
higher reticulocyte values and demonstrated greater 
variability compared to manual counting (p<0.001). 

DISCUSSION 

Reticulocyte counting plays an important role in 
diagnosing and monitoring various haematological 
disorders and their accurate assessment is essential to 
clinical decision-making, guiding therapy, and 
evaluating patient response to treatment. In our study 
we compared the manual and automated reticulocyte 
counting methods, and it showed strong correlation 
(Spearman’s rho=0.960, p<0.001), which were aligned 
with previous published data highlighting similar 
strong correlations between these two methods in 
clinical hematology practice,12 while the results of 
another study showed strong correlation of 
reticulocyte estimation obtained by manual and 
automated method (r value of 0.884).2,11 The Bland-
Altman analysis revealed a slight bias of 0.44% with 
95% limits of agreement ranging from  -0.75% to 
1.64%, indicating that automated counting consistently 
produced slightly higher reticulocyte values than the 
manual method with similar findings reported in 
literature, attributed primarily to the higher sensitivity 
of automated analyzers to detect immature 
reticulocytes.13 Our study involved a heterogenous 
population,  from regions known for higher 
prevalence of nutritional and genetic anaemia.14 In our 
study, we identified discrepancies between manual 
and automated reticulocyte counting methods where 
12.2% of the samples classified as "normal" using the 
manual method were categorized as "high" by the 
automated method while 6.9% of samples categorized 
as "normal" by automated analysis were classified as 
"low" (<1%) when evaluated manually which is 
somewhat higher compared to international findings, 
where discrepancies generally ranged from 3% to 
8%.15,16 These observed differences, particularly the 
upward shift from manual to automated counts, could 
carry clinical implications by influencing patient 
management decisions, especially in borderline cases. 
Previous studies support our observations, 
highlighting manual counting’s tendency toward 
variability and potential inaccuracies compared to the 
precision and consistency offered by automated 
analyzers.13,17 Moreover, automation reduces human-
related errors inherent in manual counting techniques, 

emphasizing its advantage for routine clinical practice, 
despite higher associated costs.18 With the rising 
volume of laboratory samples and the growing need 
for detailed study of complex diseases, automated 
hematology analyzers have become increasingly 
accurate through continuous technological 
advancements.19,20  

LIMITATIONS OF STUDY 

The single-center nature of the study may constrain the 
extent to which the findings can be generalized. 
Furthermore, manual counting was performed by 
hematologists, which might not reflect variability in less 
controlled settings.  

CONCLUSION 

This study demonstrated that automated reticulocyte 
counting provides superior accuracy and precision 
compared to manual methods, making it a viable, cost-
effective option for resource-limited settings or routine 
screening, though its variability necessitates rigorous quality 
control near clinical decision thresholds, so laboratories 
should ultimately select the method best aligned with their 
budgetary constraints, staff capabilities, and patient care 
requirements. 
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