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Abstract

This study aimed to compare complete blood cell parameters obtained using the automated XN-1000 analyzer with those
obtained by manual methods at the Kenyatta National Hospital hematology laboratory. About 110 samples were obtained from
patients requesting complete blood count (CBC) test that were used in this study. Automated CBC test was done on Sysmex
XN-100 hematology analyzer and validated against peripheral blood slide films read by a qualified lab technologist. Obtained
data were analyzed using STATA v13 and the two methods compared using t-test and correlation. The study results showed a
strong positive correlation between the automated and manual reader (p<0.001). However, basophil readings had a negative
correlation for the two methods. A statistically significant difference was noted in neutrophil (p=0.013), monocyte (p<0.001)
eosinophil (p=0.054) and MCHC (p<0.001) readings. The automated analyzer was unable to detect abnormal cell types. The
study concluded that Peripheral blood film proved superior in detection of abnormal blood cells though the automated analyzer
was able to handle a bigger workload and reduce the turnaround time. In view of the results, it is important to confirm results
flagged by the automated analyzer using manual PBF.
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1. Introduction

Manual blood cells differential count by microscopy also known as peripheral blood film (PBF) is a simple and very
informative tool used in hematological screening, diagnosis and monitoring of disease progress and treatment response (Novis, et
al., 2006). The diagnostic relevance of PBF in the hematology laboratory is unquestionable as it is used to assess the morphology
of peripheral blood cells hence affirming its importance in the morphological identification of countless primary and secondary
blood and blood related diseases (Asad, Ahmed, & Ali, 2017). It is important to note that despite advances in hematological
automation, the significance of PBF in the hematology laboratory has not diminished as it still remains an indispensable tool to
the haematology practice (Adewoyin & Nwogoh, 2014) as examination of properly prepared PBF offers invaluable information
about morphological changes which are not provided by automated instruments (Asad et al., 2017). Even so, the many years of
training and experience required to produce a competent hematologist coupled with the long turnaround time of manual blood
count has necessitated the need for automation of blood count and cells differentiation (Briggs, et al., 2011).

The evolution of multi-parametric hematology analyzers has occurred over the past two decades making them capable to count
white blood cell (WBC) automatically through differential counting. The sophistication of these analyzers has increased
progressively and currently they produce superior cells counts, differentials, plots, and histograms compared with manual methods
(Asad et al., 2017; Kim, et al., 2014). As a result of their high analytical performance, automated analyzers have become key
instruments in blood cell count especially of mature cells (Fenneteau, et al., 2016), even so, a good number of these analyzers are
fairly ineffective in the proper recognition of abnormal cells (Guerti, et al., 2009). Due to this limitation, most of the instruments
return a “flag” message when abnormal cells occur in blood (Fenneteau et al., 2016). As a result, manual blood cells differential
count by microscopy remains invaluable in complete blood count differential especially in white blood cells differential (Novis et
al., 2006).

The KNH hematology laboratory has used validation reports done by laboratories in other countries for its operations. This is
in contravention of good clinical laboratory practice (GCLP) and the international organization of standards (ISO) 15189-2012
guidelines on laboratory accreditation. There is need for agreeability between both manual and automated CBC results produced
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by a laboratory. This can only be achieved by machine validation and continuous QA/QC in a laboratory. It is for this reason that
this study sought to evaluate the Sysmex XN-1000 hematology analyzer in the assessment of complete blood count at the
Kenyatta national hospital hematology laboratory.

2. Experimental

This was a cross-sectional study to assess red and white cell parameters at the KNH hematology laboratory. A sample size of
119 derived using the Cramer, (1946) method was used. Hence 119 patients who visited the KNH hematology laboratory
requesting CBC test were enrolled into this study. Blood samples were collected in EDTA tubes and analyzed using the Sysmex
XN-1000 analyzer. Results to compare with those of the automated analyzer were obtained through testing the samples using
manual technique including manual complete blood counting using a Neubauer chamber, Sahli method for hemoglobin, packed
cell volume testing using microhematocrit method and Giemsa stained slide for peripheral blood film reading. The slides were
read by a by a trained hematologist and the readings confirmed by a pathologist; this served as the study gold standard.

Approval to carry out the study was granted by Mount Kenya University, Kenyatta National Hospital-University of Nairobi
Ethics and Research Committee (KNH-UON ERC), the Research and programs office of KNH and the Head of Hematology
Laboratory at KNH-UON. Laboratory results were stored in a safe locker with limited access to only the lead researcher and study
statistician. Patient confidentiality was ensured by the data being coded with unique codes instead of patient names.

3. Results
A total of 110 patient samples were processed. The median age of participants was 15 years with a range from less than a year
old to 92 years. Of the participants 24.5% (27/110) were aged below one year with more than half of participants (55.5%; 60/110)

being aged above 18 years. 55.5% of participants were female while the rest (44.5%) were male.

Table 1 Socio-demographic Characteristics of Participants

Variable n (110) Percent (100%0)

Age groups <1 27 24.5
1-5 7 6.4
5-18 16 145
>18 60 54.5

Mean Age (xSD)(Range) 22.9 (x23.4) (0-92)

Gender Male 49 44.5
Female 61 55.5

As summarized in Table 2, manual reading of CBC samples was conducted on different numbers of patient samples. The mean
WBC reading was 9.36 x 10%/1 (SD: 13.93) with the readings ranging from 2.20 to 142.2 x 10%I. Manual differential reading of
these samples found neutrophils average to be 62% (SD: 23.9), lymphocytes 29.75% (17.9), monocytes 4.97% (SD: 5.5),
eosinophils 4.68% (SD: 8.78) and basophils at 1.67% (SD: 1.15).

Red blood cell indices from manual readings showed an average RBC reading of 4.18 cell/10*%1 (SD: 0.95), a haematocrit of
35.67 (SD: 6.25) and a mean haemoglobin of 11.29 g/dl (SD: 2.17). MCV and MCHC had manual mean readings of 88.3 (SD:
22.9) and 27.96 (SD: 7.82) respectively.

Manual reading also identified other abnormal cell morphologies in the study samples that includes stab cells (n=8),
myelocytes (h=1), metamyelocytes (n=1), at | (n=10) and blasts (n=1). The mean platelets reading by manual reading was 356.76
(SD: 188.84).
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Table 2 The Complete Blood Count Manual Readings

Variable Observations Mean Std. Dev. Min Max
(N=107)

WBC x 10 105 9.36 13.93 2.20 142.20
N% 105 62.00 23.89 3.00 154.00
L% 105 29.75 17.90 6.00 94.00
M% 96 4.97 5.50 1.00 48.00
E% 34 4.68 8.78 1.00 50.00
B% 3 1.67 1.15 1.00 3.00
STAB 8 32.38 25.26 1.00 68.00
MYELO 1 1.00 1.00 1.00
META 1 8.00 . 8.00 8.00
ATL 10 9.00 5.72 1.00 20.00
BLASTS 1 48.00 . 48.00 48.00
RBC x 10%/I 103 4.18 0.95 1.16 6.05
HB g/dL 107 11.29 2.17 6.00 17.00
HCT 107 35.67 6.25 21.00 56.00
MCV 103 88.32 22.98 58.03 224.00
MCHC 103 27.96 7.82 15.63 72.00
PLT 106 356.76 188.84 12 1357

The number of patient samples tested using the automated analyser was 110. As indicated in Table 3, using the automated
analyser, the mean WBC reading was 12.69 x 101 (SD: 37.02) with WBC differential having neutrophils percentage average at
57.48% (SD: 18.53), lymphocytes 30.21% (SD: 17.03), monocytes 9.68% (SD: 6.49), eosinophils 2.01% (SD: 3.32) and basophils
0.53% (SD: 0.34). The mean red blood cell count reading under automated analyser was 4.67 x 10'¥/1 (SD: 3.9), the mean for
other RBC indices under automated reading was 11.48 g/dl (SD: 2.33) for haemoglobin, 36.38 (6.85) for haematocrit, 85.65 (SD:
9.23) for MCV and 31.29 (SD: 2.17) for MCHC. The mean platelets reading by automated machine using the study samples was

at 362.82 (SD: 205.63)

Table 3 Automated Machine Readings

Variable Observations (N=110) Mean Std. Dev. Min Max
WBC x 10 110 12.69 37.02 2.24 370.39
N% 110 57.48 18.53 1.60 94.50
L% 110 30.21 17.03 1.10 98.00
M% 110 9.68 6.49 0.30 44.90
E% 110 2.01 3.32 0.00 25.40
B% 110 0.53 0.34 0.00 1.70
1G% 110 1.17 2.93 0.00 24.00
RBC x 10*/1 110 4.67 3.90 1.82 44.30
HB g/dI 110 11.48 2.33 4.80 17.70
HCT 110 36.38 6.85 10.90 55.00
MCV 110 85.65 9.23 66.80 122.00
MCH 110 26.82 3.54 17.50 38.50
MCHC 110 31.29 2.17 19.90 34.70
PLT 110 362.82 205.63 9.00 1657.00

The was a strong correlation between automated analyzer readings and manual reading which was statistically significant for
all tested variables except basophil and total red blood cell count. Automated analyzer and manual reader relation for basophil
reading was a negative correlation that was statistically insignificant (-0.5: p=0.667). On the other hand, there was a weak positive
correlation between automated analyzer and manual reader for total red blood cell count of 0.198. This correlation was statistically

significant p=0.045.
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Table 4 Paired Samples Correlations

Variables N Correlation Sig.

N%_A & N%_M 105 0.633 0.000
L% A&L% M 105 0.701 0.000
M% A & M%_ M 96 0.585 0.000
E%_A & E%_M 34 0.915 0.000
B%_A & B%_M 3 -0.5 0.667
RBC (X1012/L) A & RBC (X1012/L)_ M 103 0.198 0.045
HB g/dl_A & HB g/dl_M 107 0.948 0.000
HCT% A& HCT% M 107 0.938 0.000
MCV_A & MCV_M 103 0.519 0.000
MCH A& MCH_M 103 0.547 0.000
MCHC_A & MCHC_M 110 0.374 0.000
PLT A&PLT M 106 0.987 0.000

Comparison of the two equipment reading based on gender found among the female population, the automated reader gave
higher readings for neutrophils and eosinophils compared to manual reader with the lymphocyte, monocyte and basophil readings
being lower compared to manual reader.

In Table 6, the manual reader had higher readings for total WBC for ages <1 year and >18 years while in ages 1-5 years and 5-
18 years the automated readers had higher readings. Manual reader had lower readings for neutrophils and lymphocytes across the
ages while monocyte readings were lower using the manual reader across the age groups. Eosinophil readings other than age 1-5
years were higher using automated reader compared to manual reader.

4. Discussion

In this study, using PBF, the investigator was able to identify abnormal cells such as stab cells, myelocytes, metamyelocytes,
promyelocyes and blasts. On the other hand, the automated analyser was unable to identify these cells hence confirming the
findings by Guerti et al., (2009) that some automated analyzers are fairly ineffective in the proper recognition of abnormal cells.
The turnaround time taken by lab technologist from sample preparation to result output using the PBF method was long. On
average, only 10 participant’s samples could be successfully analyzed in a day using PBF method, this is as opposed to the
automated analyzer that could run in excess of 50 samples in a day. This goes to confirm the observations by Briggs et al., (2011)
and Guerti et al., (2009) that automated anlzer have a supiriority over manual PBF when it comes to results turn around time. The
automated analyser used in this study was found to be effective in its performance especially in reducing the turnaround time for
CBC hence agreeing with other studies that reported the analyzer as being able to handle larger volumes of CBC compared to
manual PBF as well as reducing the test turnaround time (Fenneteau et al., 2016).
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Table 5: Comparison of Manual and Automated Machine Readings by Gender

GENDER WBC N» L% M% E% B% RBC HBg/dl HCT% MCV  MCH MCHC PLT STAB MYELO META ATL BLA
x109L x1012/L % % % % TS
Female Manual Mean 8.04 5545 31.78 10.35 1.68 0.56 4.97 11.46 36.23 85.42 26.83 31.32 360.85 31.80 1.00 8.00 10.00
SEM 058 214 1.80 0.85 0.22 0.04 0.66 0.27 0.88 1.19 0.50 0.25 29.62 1191 2.65
Automated Mean 7.93 62.24 28.24 4.74 3.50 2.00 4.12 11.23 35.63 90.89 28.71 25.70 351.98
SEM  0.62 259 191 0.49 0.76  1.00 0.13 0.26 0.75 3.75 1.27 0.74 26.25
Male Manual Mean 1843 60.00 28.25 8.85 241 050 4.30 11.51 36.57 85.95 26.81 31.25 365.27 33.33 750 48.0
SEM  7.86 292 287 0.89 066 0.05 0.13 0.37 0.98 1.32 0.44 0.34 24.38 16.48 2.40
Automated Mean 11.20 61.70 31.62 5.26 6.00 1.00 4.25 11.36 35.7 85.13 27.02 25.34 362.77
2
SEM  3.00 415 311 1.13 3.10 0.14 0.34 1.00 1.97 0.69 1.07 25.29
Total Manual Mean 1267 57.48 30.21 9.68 201 053 4.67 11.48 36.38 85.65 26.82 31.29 362.82 32.38 1.00 8.00 9.00 48.0
SEM 353 177 162 0.62 032 0.03 0.37 0.22 0.65 0.88 0.34 0.21 19.61 8.93 181
Automated Mean 9.36 62.00 29.75 4.97 468 1.67 4.18 11.29 35.67 88.32 27.96 25.54 356.76
SEM 1.36 233 175 0.56 151 0.67 0.09 0.21 0.60 2.26 0.77 0.63 18.34
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Table 6: Comparison of Manual and Automated Readings by Age Group

AGE GROUPS WBC N% L% M% E% B% RBC HBg/dI HCT% MCV MCH MCHC PLT STAB% MYELO% META% ATL% BLASTS%
X109L x1012/L
<1 Manual Mean 12.8 552 327 9.7 19 06 4.1 10.8 35.3 87.2 26.8 30.7 356.6 33 14.3
year
SEM 5.1 43 4 11 04 01 0.2 0.5 1.3 1.8 0.7 0.5 29.6 18.7 2
Automated Mean 13.2 60.2 284 5 2.6 3.9 10.6 34.3 93.1 28.6 23.7 359.1
SEM 55 51 36 08 0.6 0.2 0.5 1.3 47 1.7 14 30.4
1-5 Manual Mean 8.3 446 433 7.3 42 04 45 115 36.2 83.4 26.3 31.6 411.1
years
SEM 138 37 45 05 35 01 0.4 0.9 2.4 5.6 15 0.5 31.8
Automated Mean 8 51.7 339 27 135 4.3 11.3 35 85 27.2 26.2 406
SEM 1.7 75 46 0.8 12.2 0.4 0.8 2.4 5.7 1.6 1.9 314
5-18 Manual Mean 8.6 516 337 113 29 04 45 12.4 38.6 85.9 27.6 32.1 362.2 52 8 4 48
years
SEM 1.3 45 37 24 12 O 0.1 0.5 1.2 2.2 0.9 0.4 52.1 3 3
Automated Mean 8.5 46.8 36 7 68 1 4.6 12.1 37.6 83 26.7 28.1 362.6
SEM 1.3 57 47 3 3.6 0.2 0.4 1.3 25 0.9 1 51.6
>18 Manual Mean 14.2 616 26.6 95 16 05 5 115 36.3 85.1 26.7 31.3 360.1 18.7 1 6.3
years
SEM 6.1 21 2 0.8 02 0 0.7 0.3 0.9 11 0.5 0.3 30.5 13 1.8
Automated Mean 8.1 68.3 28.1 46 3.2 2 4.2 114 35.8 88.1 28.1 25.6 348.2
SEM 0.6 29 24 05 07 1 0.1 0.3 0.8 35 1.2 0.9 27.4
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On the other hand, the equipment was unable to distinguish between normal and abnormal blood cells, instead abnormal blood cells were interpreted as a
type of normal blood cell. For example large lymphoblasts and lymphocytes were counted as monocytes, this agrees with findings by Cicuttini, (1994) who
reported that the Sysmex XN-1000 analyzer had a poor specificity for the Blasts/Abnormal Lymphoid cell, a similar observation was also given by (Fenneteau
etal., 2016).

5. Conclusion

The two techniques agreed with one another in nearly all tested parameters, however some differences were also noted in other parameters tested. The two
techniques had strong correlations in the measures of neutrophil, lymphocytes, monocytes, eosinophils, hemoglobin, hematocrit, MCV, MCH, MCHC and
platelets measurement that was statistically significant (p<0.0001), on the other hand, the two techniques had poor correlations between basophil and total RBC
count with basophil comparison giving a negative correlation between the two equipment. However, this could be due to the low population sample (n=3) that
was used in basophil correlation comparison.

A comparison between two techniques on WBC differential count found that though there was no difference on the overall WBC count, there was a
difference in the WBC differential count for neutrophils, monocytes and eosinophils which was statistically significant. This difference did not affect the
overall WBC count between the two equipment because the difference was minimal, however, in instances where the difference is big, it is viewed that it will
have a lager effect that could cause a significant difference in the final WBC count. The difference was also statistically significant for readings of MCH,
MCHC, RBC count and hematocrit. In conclusion, manual PBF proved superior in detection of abnormal blood cells though the automated analyzer was able to
handle a bigger workload and reduce the turnaround time. In view of the results, it is important to confirm results flagged by the automated analyzer using
manual PBF.
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