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Highlights

- Band counting is unreliable practice due to the high inter-observer variability

« 2075 International Council for Standardization in Haematology guidelines recommend to count band neutrophils as segmented neutrophils
« Theinclusion of bands within the white blood cell differential is still used in Croatia

« There is a very high variability in enumerating bands among Croatian laboratories

- There s a need for national recommendations that will endorse ICSH guidelines

Abstract

Introduction: Due to high inter-observer variability the 2015 International Council for Standardization in Haematology (ICSH) recommendations
state to count band neutrophils as segmented neutrophils in the white blood cell (WBC) differential. However, the inclusion of bands as a separate
cell entity within the WBC differential is still widely used in hematology laboratories in Croatia. The aim of this multicentric study was to assess the
degree of inter-observer variability in enumerating band neutrophils within the WBC differential among Croatian laboratories.

Materials and methods: Seven large Croatian hospital laboratories from different parts of the country participated in the study. In each of 7 par-
ticipating laboratories, one blood smear, that was flagged by the analyzer as possibly having bands, was evaluated by all personnel participating in
the analysis of hematology samples. Between-observer manual smear reproducibility was expressed as coefficient of variation (CV) and calculated
using the following formula: CV (%) = (standard deviation (SD)/mean value) x 100%.

Results: The CVs (%) and relative band neutrophil counts in participating laboratories were as follows: 15.4% (16-24), 19.2% (16-32), 19.5% (17-40),
21.1% (17-44), 35.0% (8-26), 51.9% (3-29), and remarkably high 62.4% (12-59). For segmented neutrophils CVs were lower, ranging from 7.4% to
32.2%. The CVs did not correlate with the number of staff members in each hospital (P = 0.293).

Condlusions: This study revealed very high variability in enumerating band neutrophil count in the blood smear differential among all participants,
thus prompting a need for action on a national level.
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Introduction

Band neutrophils are defined as granulocytes with
nonsegmented nucleous or rudimentary lobes
connected by a thick band. This term is related to
the penultimate maturing stage in the process of
granulocytopoiesis, preceeding segmented neu-
trophil granulocytes. Elevated band neutrophils
count is nonspecific and can be found in a variety
of pathophysiological conditions that trigger re-
lease of neutrophil reserves from the bone mar-
row, the most common being bacterial infections,
inflammation, postsurgical complications or inju-
ries. Due to lack of consistent definition and hence
the ambiguity in morphological characterization,
distinguishment between segmented and band
neutrophils is prone to observer’s subjectivity (1).
Consequently, large evidence shows that neutro-
phil bands counting and reporting of bands count
is unreliable practice due to high inter-observer
variability (1,2). Therefore, the recommendations
of the International Council of Standardization in
Haematology (ISCH) issued in 2015 state that band
neutrophils should be counted as segmented neu-
trophils in the white blood cell (WBC) differential.
In spite of that, the inclusion of bands as a sepa-
rate cell entity within the WBC differential is still
widely used in hematology laboratories in Croatia
(personal communication).

In 2018 the Working Group for Laboratory Hema-
tology (WGLH) of the Croatian Society of Medical
Biochemistry and Laboratory Medicine was estab-
lished, with the aim to standardize and harmonize
practices in laboratory hematology in Croatia. Pre-
viously, a study to quantify the degree of the inter-
observer variability of the band neutrophils count-
ing in manual WBC differential blood count was
conducted in one mid-sized laboratory in Croatia
(2). The results of the study were very disappoint-
ing, with CVs ranging from 53.6% up to remarka-
bly high 100% (2). However, the respective study
reflects only the practices of one medium-sized
clinical laboratory. Therefore, for a more objective
insight into current practices in differentiating
band from segmented neutrophils, it was essential
to conduct a similar but wider study that would in-
clude several laboratories from different parts of
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the country. Hereby we present the results of a
multicentric study that was conducted with the
aim to assess the degree of inter-observer variabil-
ity in enumerating band neutrophils in the WBC
differential among Croatian laboratories.

Materials and methods

In November and December 2021, seven large
Croatian hospital laboratories from different parts
of the country participated in the study. Table 1
lists the participating institutions, the staff in-
volved in the study, and equipment used in the re-
spective hematology laboratories.

Methods

In each hospital separately, one whole blood sam-
ple drawn in tubes containing potassium ethylen-
ediaminetetraacetic acid as the anticoagulant (list-
ed in Table 1), previously analyzed on an automat-
ed hematology analyzer (listed in Table 1) was se-
lected. A sample flagged by the analyzer as possi-
bly containing band neutrophils (,left-shift”) was
chosen. Blood smears were prepared and stained
manually by using the May Grinwald- Giemsa
technique. The selected blood smear was exam-
ined by all staff members (the level of education
listed in the Table 1) involved in manual WBC dif-
ferentiation, in each participating hospital. The
whole process was identical as in the previously
published study (2). Namely, all staff members per-
formed one manual differential count (by count-
ing 100 cells) by using optical microscope (Table 1),
thus simulating the usual routine laboratory pro-
cess. Neither of the staff members had insight into
the results of the other examiners, meaning that
the whole process was single-blinded.

Statistical analysis

Data was stored in Microsoft Excel 2010 program
(Microsoft, Microsoft Excel, Redmond, USA). Rela-
tive band counts were presented as medians with
the appropriate ranges (min-max). Between-ob-
server manual smear reproducibility was ex-
pressed as coefficient of variation (CV) and calcu-
lated using the following formula: CV (%) = (stan-
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TaBLE 1. Characteristics of participating laboratories
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TaBLE 2. A multicentric (N = 7) inter-observer variability in segmented neutrophils, band neutrophils, and total (segmented + bands)

neutrophils differential count

CVs % Participating laboratories
Cells median (range) 1 2 3 4 5 6 7
Band neutrophils 211 35.0 62.4 19.2 15.4 519 19.5
28 15 26 23 21 13 32
(17-44) (8-26) (12-59) (16-32) (16-24) (3-29) (17-40)
Segmented 15.9 14.2 32.2 9.9 9.6 74 209
neutrophils 51 68 55 67 68 79 43
(34-67) (52-77) (21-68) (52-75) (62-78) (64-89) (37-70)
Segmented + band 5.3 77 5.6 3.0 39 5.0 7.0
neutrophils 80 82 80 920 20 92 75
(72-86) (78-89) (74-88) (84-94) (86-94) (79-99) (68-87)

CV % - coefficent of variation, expressed in percentages.

dard deviation (SD) / mean value) x 100%. The cor-
relation of CVs with the number of observers was
assessed by calculating Spearman’s rank correla-
tion coefficient. All statistical analyses were per-
formed in MedCalc® v22.016 statistical software
(MedCalc Software, Ostend, Belgium).

Results

The conducted study revealed very high variabili-
ty in band cells enumeration between the observ-
ers in the majority of participating laboratories.
The CVs (%) and band neutrophil ranges were as
follows: 15.4% (16-24), 19.2% (16-32), 19.5% (17-40),
21.1% (17-44), 35.0% (8-26), 51.9% (3-29), and re-
markably high 62.4% (12-59) (Table 2).

The CVs did not correlate with the number of ob-
servers in each hospital (P = 0.293). For segmented
neutrophils CVs were lower, ranging from 7.4% to
32.2%. When the number of bands was added to
the number of segmented neutrophils, the CVs re-
markably decreased, ranging from merely 3.0% to
a maximum of 7.7%. Two of the participating hos-
pitals revealed slightly higher imprecision in neu-
trophil count enumeration compared to others.

Discussion

The present study revealed significant inter-ob-
server variability in enumerating band neutrophils
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and heterogeneity in their distinguishment from
segmented neutrophils.

The overall high inter-observer CVs are in accord-
ance with the previously published initial excercise
and some international studies, once again point-
ing out to the ambiguity of accurate band neutro-
phils enumeration (2-4). These technical problems,
together with the lack of disease specificity and di-
agnostically low relevance of elevated band neu-
trophils count, limit reporting of band neutrophils
as a separate cell entity. Therefore, it is reasonable
for laboratories to follow the recommendation is-
sued by ICSH and count band as segmented neu-
trophils in the WBC differential (5). This is further
supported by the fact that such approach signifi-
cantly decreases inter-observers’ CV, as evidenced
herein. In fact, an increase in the proportion of
band neutrophils is usually accompanied by an in-
crease in the absolute number of neutrophils,
hence the overall neutrophil count is an equally re-
liable parameter to reflect these changes.

The present study has some limitation. Firstly,
there was no uniformity in the criteria for defining
band neutrophils among the participating labora-
tories. Additionally, each participating laboratory
analyzed only one separate smear with a different
WBC differential. It can be assumed that the distri-
bution of results would be more uniform if all staff
involved in peripheral blood smear differentiation
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in all centers performed WBC differential using the
same blood smear. However, a general problem
which all laboratories are facing is lack of skilled
and experienced technicians. Hence, we can pre-
sume that personnel turnover also contributed to
the observed substantial variability. However, as in
the original study published by the Radisi¢ Biljak et
al., while simulating everyday routine work, we
were able to assess the real-life performance of
this manual technique, understand the size of the
uncertainty of the reported results and compare it
between different sites spread all over the country

().

The obtained results revealing very high variability
in enumerating band neutrophil count in the
blood smear differential among all participants, in-
dicate a need for harmonization of practices on a
national level. Based on the limited clinical utility
of the band count and the recommendations to
include them within the relative neutrophil count,
a systematic approach should be designed with
the ultimate aim to abandon reporting band cells
count as a separate entity (5). This should be inevi-
tably done in agreement with key clinicians, after
thorough explanation of the rationale behind it.
Laboratory rules for manual smear review should
be revised and the flags indicating the presence of
bands should be excluded as a review criteria.
Laboratory staff involved in manual smear review
should be instructed about these changes and the
ongoing practice that bands should be counted as
neutrophil granulocytes. In situations when an un-
usually high number of bands is seen in the blood
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film, addition of an appropriate comment should
be considered, which is in accordance with ICSH
recommendations (5).

As confirmed in the present study, it would be
valuable to spread this practice among all Croatian
medical laboratories in order to improve harmoni-
zation in the field. Nevertheless, a national con-
sensus driven by appropriate future national rec-
ommendations written by the WGLH is required.
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