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Abstract

Background: Red blood cells (RBC) resembling the silhou-
ette of a fish are rarely observed in peripheral blood (PB)
smears. In this study, we determined the frequency of occur-
rence of fish-shaped RBC in different haematologic diseases.
Methods: We examined PB smears of patients with iron
deficiency anaemia (IDA) (n=23), B-thalassaemia minor
(BTM) (n=30), sickle cell disease (SCD) (n=7), auto-
immune haemolytic anaemia (AIHA) (n=13), microan-
giopathic haemolytic anaemia (MAHA) (n=11), hereditary
sphaerocytosis (HS) (n=4), hereditary elliptocytosis (HE)
(n=3), vitamin B12 and folate deficiency (n=15), anaemia
in liver disease (LD) (n=17), myelodysplastic syndrome
(MDS) (n=15), acute myeloid leukaemia (AML) (n=29),
chronic myeloid leukaemia (CML) (n=18), primary mye-
lofibrosis (PMF) (n=12), chronic myelo-monocytic leu-
kaemia (CMML) (n=15) and 21 healthy controls by light
microscopy for the occurrence of fish-shaped erythro-
cytes. The fish-shaped RBC were counted as cells per
20 high-power fields (HPF) at 1000-fold magnification,
and slides containing >1 fish-shaped RBC/20 HPF were
regarded as positive.

Results: Fish-shaped RBC were significantly found in HE,
iron deficiency, vitamin B12/folate deficiency, LD and PMF.
The highest numbers of fish-shaped RBC were seen in HE
and vitamin B12/folate deficiency. In patients with BTM,
MDS, AML and CMML, this RBC anomaly was only occa-
sionally observed. Furthermore, a statistically significant
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negative correlation of haemoglobin with the occurrence
of fish-shaped RBC was apparent (p <0.014).
Conclusions: Our data show that the occurrence of fish-
shaped RBC is suggestive of a pathologic condition, espe-
cially IDA, HE, vitamin B12 or folate deficiency, primary
mylofibrosis or LD, and is significantly associated with
severity of anaemia.
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cytes; poikilocytes; red blood cell morphology.

Introduction

In peripheral blood (PB) films examined in laboratory
routine, red blood cells (RBC) resembling the silhouette
of a fish are rarely observed. Such “fish cells” have been
described as being similar to tear-drop cells, having one
round and one tapered end, but unlike tear-drop poikil-
ocytes, the tapered end flares out into two buds looking
like a fish’s tail [1]. According to our own observations,
the body of the fish cells may appear spheroidal or oval,
and the margins of the fins may be serrated or straight.
Figure 1 shows typical examples of fish-shaped RBC from
our study population. To our knowledge, a systematic
description or definition of this type of poikilocyte as well
as data on its association with certain haematologic disor-
ders have not been published to date.

We present data from a study which was performed to
determine the frequency of occurrence of fish-shaped RBC
in different haematologic diseases in order to identify a
potential association with specific disorders.

Materials and methods

We examined PB films obtained from inpatients and outpatients with
iron deficiency anaemia (IDA, n=23), B-thalassaemia minor (BTM,
n=30), sickle cell disease (SCD, n=7), autoimmune haemolytic anae-
mia (AIHA, n=13), microangiopathic haemolytic anaemia (MAHA,
n=11), hereditary sphaerocytosis (HS, n=4), hereditary elliptocyto-
sis (HE, n=3), vitamin B12 and folate deficiency (n=15), anaemia in
liver disease (LD, n=17), myelodysplastic syndrome (MDS, n=15),
acute myeloid leukaemia (AML, n=29), chronic myeloid leukaemia
(CML, n=18), primary myelofibrosis (PMF, n=12), chronic myelo-
monocytic leukaemia (CMML, n=15) and 21 healthy control subjects.
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Figure 1: Examples of fish-shaped erythrocytes (May-Griinwald-Giemsa stain, 1000-fold magnification, oil immersion).

The demographic and laboratory characteristics of the study popula-
tion are described in detail in Table 1.

The RBC indices were determined by an ADVIA 2120i haematol-
ogy analyser (Siemens Healthcare Diagnostics Ltd., Vienna, Austria)
according to the manufacturer’s instructions. The haematology
analyser was constantly checked by internal controls and external
quality assurance programs.

PB was obtained by venepuncture into a Sarstedt Monovette™
with ethylene diamine tetraacetic acid (2.7 mL K EDTA, Sarstedt,
Nuembrecht, Germany) as anticoagulant. After blood drawing, the
samples were kept at room temperature and the PB smears were
made within a maximum of 2 h. PB smears were prepared according
to the standardised operating procedure of our Laboratory Institute
by specially trained members of the technical staff. The blood films
were manually spreaded on clean and grease-free glass slides, dried
at room temperature for at least 30 min and were stained according
to the May-Griinwald-Giemsa technique. After preparation, the slides
were coded by a person not involved in microscopic analysis, and
were finally examined in a blinded fashion by light microscopy by
an experienced analyst. The analyst checked the slides for the occur-
rence of typical storage-induced artefacts such as crenation or echi-
nocytic changes in RBC, degeneration of neutrophils or lobulation of

Table 1: Basic characteristics of the study population.

lymphocyte nuclei in order to decide whether the blood smears were
suitable for being included in the study [2]. The fish-shaped RBC,
defined according to the description above and depicted in Figure 1,
were counted as cells per 20 high-power fields (HPF) at 1000-fold
magnification. In contrast to schistocytes, which are well established
as typical morphological substrates for distinct disorders such as
thrombotic microangiopathies, with a defined threshold value of 1%
schistocytes of the RBC in absence of additional severe RBC abnor-
malities [3], fish-shaped erythrocytes have not been associated to
certain diseases to date. Based on our own observations in clinical
laboratory routine, showing that fish-shaped RBCs are usually appar-
ent solely sporadic in positive cases, we determined the cell count as
fish cells per 20 HPF at 1000-fold magnification. As one HPF contains
about 200 RBCs, 20 HPF contain approximately 4000 RBC, which
offers a higher chance to detect rare abnormalities. This approach is
supported by a previous study proposing to examine a minimum of
1000-5000 RBC in a proper area of the PB smear to achieve an ade-
quate precision [4]. In order to prove our approach, we re-examined
all slides which were initially found to be positive at examination of
20 HPF per slide and determined the fish-shaped RBC per 1000 RBC.
Thereby we observed that only 31.6% (n =12) of the slides which were
positive for fish-shaped RBCs per 20 HPF at 1000-fold magnification

Disease n Age, years Female sex Hb, mmol/L MCH, pg MCV, fL
IDA 23 72 (37-90) 15 (65.2) 5.3(1.9-7.1) 72 (50-80) 22 (11-25)
BTM 30 31 (1-56) 13 (43.3) 7.9 (6.8-9.1) 68 (58-76) 21 (18-25)
SCD 7 37 (32-52) 4 (80) 6.7 (5.2-7.4) 68 (60-95) 24 (20-34)
AIHA 13 72 (24-82) 9 (69.2) 5.2 (2.9-8.3) 98 (77-114) 31 (30-40)
MAHA 11 62 (34-81) 6 (54.5) 5.2 (4.0-6.7) 91 (82-105) 31 (28-37)
HS 4 58 (21-73) 1(25) 7.1(5.8-9.0) 88 (79-91) 32 (30-35)
HE 3 80 (74-89) 1(33.3) 7.0 (6.5-8.5) 88 (88-90) 32 (31-32)
Vit B12/folate deficiency 15 75(32-91) 7 (46.7) 5.5(3.5-8.1) 116 (95-132) 40 (32-51)
LD 17 70 (42-87) 9(52.9) 6.3 (5.4-7.6) 104 (96-114) 34 (29-38)
MDS 15 75 (61-88) 8(53.3) 6.0 (4.4-7.4) 91 (73-110) 31 (22-36)
AML 29 77 (49-90) 18 (64.3) 5.7 (3.0-7.8) 92 (74-111) 32 (24-39)
CML 18 65 (36-77) 6 (37.5) 7.6 (4.2-10.2) 89 (73-101) 29 (22-33)
PMF 12 74 (52-84) 4 (33.3) 6.9 (3.9-11.1) 89 (77-104) 29 (23-32)
CMML 15 79 (51-94) 3(21.4) 6.8 (5.1-10.0) 87 (79-106) 29 (25-40)
Controls 21 70 (35-90) 13(61.9) 8.8(8.0-10.4) 90 (85-97) 30 (27-33)

IDA, iron deficiency anaemia; BTM, beta thalassaemia minor; SCD, sickle cell disease; AIHA, autoimmune haemolytic anaemia; MAHA,
microangiopathic haemolytic anaemia; HS, hereditary sphaerocytosis; HE, hereditary elliptocytosis; LD, liver disease; MDS, myelodys-
plastic syndrome; AML, acute myeloid leukaemia; CML, chronic myeloid leukaemia; PMF, primary myelofibrosis; CMML, chronic myelo-
monocytic leukaemia; Hb, haemoglobin; MCH, mean corpuscular haemoglobin; MCV, mean corpuscular volume. Age, Hb, MCH and MCV are

expressed as median (range), and female sex is expressed as n (%).
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were positive when applying the 1000 RBC threshold proposed for
the counting of schistocytes by the International Council for Stand-
ardization in Haematology (ICSH) [3].

Slides containing one or more fish-shaped RBC per 20 HPF at
1000-fold magnification were defined as positive for this morphologi-
cal RBC abnormality.

Statistical data analysis was performed with the package R 3.2
(www.r-project.org) and the coin 1.1-3 package. Group comparisons
of the occurrence of fish-shaped RBC between the disease groups
and the controls were assessed by Fisher’s exact test. A potential
association of the severity of anaemia, represented by the parameter
haemoglobin, with the number of fish-shaped RBC, was determined
by using the stratified Spearman correlation. p-Values <0.05 were
regarded as statistically significant. This study was approved by
the Ethics Committee of the Hospital of the Brothers of St. John of
God Graz and was performed in accordance with the Declaration of
Helsinki.

Results

The results are presented in detail in Table 2. Overall, fish-
shaped erythrocytes were found in patients with HE, IDA,

Table 2: Occurrence of fish-shaped red blood cells in various
haematologic disorders and controls.

Disease n Fish-shaped red blood cells p-Value
Positivity, Number,
n(%) median (range)®
IDA 23 10 (43.5) 0(0-2) 0.0006
BTM 30 2(6.7) 0(0-1) 0.51
SCD 7 0 0 1
AIHA 13 0 0 1
MAHA 11 0 0 1
HS 4 0 0 1
HE 3 3(100) 3(2-6) 0.00049
Vit B12/folate 15 8(53.3) 1(0-4) 0.00021
deficiency
LD 17 5(29.4) 0(0-2) 0.012
MDS 15 1(6.7) 0(0-2) 0.42
AML 29 3(10.7) 0(0-1) 0.25
CML 18 0 0 1
PMF 12 5(41.7) 0(0-2) 0.0033
CMML 15 1(7.1) 0(0-2) 0.4
Controls 21 0 0

IDA, iron deficiency anaemia; BTM, beta thalassaemia minor;
SCD, sickle cell disease; AIHA, autoimmune haemolytic anaemia;
MAHA, microangiopathic haemolytic anaemia; HS, hereditary
sphaerocytosis; HE, hereditary elliptocytosis; LD, liver disease;
MDS, myelodysplastic syndrome; AML, acute myeloid leukaemia;
CML, chronic myeloid leukaemia; PMF, primary myelofibrosis;
CMML, chronic myelo-monocytic leukaemia. *The number of
fish-shaped red blood cells is expressed as cells per 20 HPF at
1000-fold magnification.
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vitamin B12/folate deficiency, LD, BTM, MDS, PMF, AML
and CMML. Compared to the control subjects, their occur-
rence was statistically significant in HE, IDA, vitamin B12/
folate deficiency, LD and PMF. In patients with BTM, MDS,
AML and CMML, fish-shaped RBC were apparent in low
percentages of the samples, but no statistically signifi-
cant difference compared to the controls was found. The
highest numbers of fish-shaped cells were seen in patients
with HE and vitamin Bi12/folate deficiency. The blood
films from the control subjects as well as from patients
with SCD, MAHA, AIHA, CML and HS were all negative.
Furthermore, a statistically significant negative correla-
tion of haemoglobin, independent from the underlying
disorder, with the occurrence of fish-shaped RBC, was
observed (p<0.014).

Discussion

The purpose of this study was to to determine the fre-
quency of occurrence of fish-shaped RBC in different
haematologic diseases in order to identify a potential
association with specific disorders.

Based on our observations, three major conclusions
can be drawn. First, our findings suggest that fish-shaped
RBC are not observed in PB smears of healthy persons and
that the occurrence of these poikilocytes may thus indi-
cate a pathologic condition.

Second, fish-shaped RBC were mainly observed in
certain disorders such as IDA, HE, vitamin B12 or folate
deficiency, PMF and LD with the highest numbers of cells
per 20 HPF in patients with HE and vitamin B12 or folate
deficiency, but only in single subjects with MDS, CMML,
AML and BTM.

In an extensive review of the literature including
standard books on blood cell morphology [2, 5] and
papers on that topic screened by PubMed [6], we did not
find a systematic description of this certain type of poikil-
ocyte. In a review on red blood cell morphology, Ford
mentioned “fish cells” as first described by Barbara Bain
in a personal communication. In that review, fish-shaped
RBC were reported as poikilocytes seen in thalassaemia,
but generally not in iron deficiency or anaemia of chronic
disease [1]. This statement is not in accordance with our
data, because in our study population the fish cells were
more frequently found in patients with IDA (n =10, 43.5%,
p=0.0006 compared to controls) than with beta thalas-
saemia trait (n=2, 6.7%, p=0.51 compared to controls).
In one report on the occurrence of mushroom-shaped
RBC in a case of HS with a protein band-3 deficiency, the
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author provided several images of poikilocytes, some of
them resembling the shape of fishes, and reported that
mushroom-, fish/whale-, puzzle- or yeast-shaped eryth-
rocytes may be associated with band-3 deficiency and can
also be observed after myelofibrosis and occasionally in
nonspecific dyserythropoiesis [7]. In our four patients
with HS, which were, however, not tested for band-3
deficiency, we did neither observe fish- nor mushroom-
shaped RBC.

Third, fish-shaped RBC were significantly associated
with severity of anaemia, the occurrence of fish-shaped
RBC may thus point to a more severe state of disease.

This study had a limitation that merits mention. Based
on the relatively small sample size and as some diseases
were underrepresented, further investigations incorpo-
rating data from larger study populations are needed to
confirm our findings and especially to examine a potential
role of this type of poikilocyte in the differential diagnosis
of anaemia or in the risk assessment of anaemia in clinical
laboratory routine.

In summary, our data show that fish-shaped RBC rep-
resent a shape anomaly suggestive of a pathologic condi-
tion, which may occur in different haematologic disorders,
especially in IDA, HE, vitamin B12 or folate deficiency,
PMF and LD, and are associated with severity of anaemia.
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