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Abstract
BACKGROUND: The clinical significance of detecting Döhle body inclusions in cat neutrophils as one of
the most relevant toxic changes has necessitated the study of pre‐analytical factors such as temperature
40

and blood storage time on the formation of these changes. OBJECTIVES: The present study sought to
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investigate the impact of blood storage time and temperature on Döhle or Döhle‐like inclusions in cat
neutrophils.
METHODS: EDTA blood samples were obtained from eight cats without evidence of Döhle inclusions on
fresh blood smears (T0). Samples were stored at room temperature (RT) and 4°C, as routine storage
45

temperatures of samples in the laboratory. Smears were prepared 2 (T2), 4 (T4), 8 (T8), and 24 (T24)
hours following the blood draw for each storage condition. Döhle or Döhle‐like inclusions were assessed
on each smear randomly selected.
RESULTS: The percent of neutrophils with Döhle or Döhle‐like inclusions in T8 and T24 increased
significantly at RT and 4 °C, respectively (P< 0.001), in comparison with T0. The smears prepared from
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blood samples stored at RT contained more neutrophils with Döhle or Döhle‐like inclusions than 4 ° C. A
significant difference was not found in the percent of neutrophils with these inclusions between the two
temperatures at any of the storage times.
CONCLUSIONS: The development of Döhle body‐like in cat neutrophils occurs when the analysis is
delayed, especially at higher storage temperatures, and may affect diagnosis and clinical decisions.
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Therefore, the blood smears should be prepared as soon as the blood is drawn to reduce pre‐analytical
changes.
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Introduction
A toxic neutrophil is a neutrophil that exhibits certain specific morphologic abnormalities on
65

Romanowsky‐stained peripheral blood smears. The changes occur in bone marrow during the
maturation process or in association with certain diseases. The most prominent cytoplasmic changes are
Döhle bodies, basophilia, toxic granulation, and vacuolation. Nuclear changes and changes in cell size
and shape also can occur. Döhle bodies are seen in neutrophils of healthy cats (Gori et al., 2021). In
other species, Döhle bodies are seen in animals that exhibit signs of illness and represent toxic change.
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In neutrophils and their precursors, Döhle bodies are bluish, angular inclusions in the cytoplasm. These
structures are retained aggregates of the rough endoplasmic reticulum (Harvey, 2017).
Döhle bodies are more sensitive in human and feline hematology than cytoplasmic vacuolation in
diagnosing bacterial infections (Lima et al., 2010). Other researchers found that small and dotted blue
Döhle body‐like inclusions formed from the accumulation of a rough endoplasmic reticulum or
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ribosomes and were seen in neutrophils in cats that had no clinical signs of inflammation. These
components appear to be a false secondary alteration due to prolonged or improper storage of the
samples. Since toxic changes in the neutrophils of cats, including Döhle bodies, are clinically significant,
it is necessary to know about pre‐analytical factors such as storage time and temperature that may
cause artificial changes and misdiagnosis of true toxic changes (Aroch et al., 2005). This study aimed to
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determine the effects of time and temperature on the development of Döhle or Döhle‐like cytoplasmic
inclusions in the neutrophils of clinically healthy cats.

Materials and methods
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The study protocol was approved by the local animal research ethical committee at Semnan University
85

of Veterinary medicine. Informed consent (either verbal or written) was obtained from the owner or
legal custodian of all animal(s) described in this work for the procedure(s) undertaken.
Eight clinically healthy male cats (DSH and Persian, 4 of each breed with an age range of 2 to 4 years),
without any clinical history of anemia and inflammation, were selected from cats referred to the
Semnan University Veterinary Teaching Hospital (SUVTH) for this study. Two milliliters (2 ml) blood
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samples for a CBC were obtained in potassium EDTA‐containing tubes (Non‐vacuum K2EDTA, FARTEST,
IRAN) and examinations were performed within 15 minutes of sample collection (to avoid EDTA storage
artifacts) by Celltac Alpha MEK‐6500K analyzers (Nihon Kohden) for the use of the most common animal
types, including dog, cat, cow, and horse.
One blood smear for differential leukocyte counting and morphologic evaluation was prepared
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immediately after blood collection and was considered as baseline time (T0). Three Eppendorf tubes
were considered for each temperature, and 150 µl of blood were added to each tube. Blood smears
were prepared from tubes stored at RT (22±3 °C) and refrigerator temperature (4 °C) after 2, 8, and 24
hours, and they were stained with Giemsa. There were 56 blood smears (6 blood smears per cat for 2, 8,
and 24 hours and one smear was also prepared for time zero). Each blood smear was evaluated to
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determine Döhle bodies or Döhle body‐like inclusions.
Döhle body‐like inclusions are defined as a small dotted, intra‐cytoplasmic inclusion of light blue‐gray
(Boudrax et al., 2010). Döhle bodies were considered larger intracytoplasmic inclusions, light blue‐gray,
elliptic to amorphous (Takeuchi et al., 2010), counted as 100 neutrophils per slide, and the percentage
of neutrophils with Döhle or Döhle‐like cytoplasmic inclusions was recorded.
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Statistical analysis was done by SPSS statistical software. First, to normalize the data distribution, their
logarithm was calculated. Then the results of the percentage of neutrophils with Döhle body‐like
inclusions or Döhle bodies between two groups of temperature storage (RT and 4 °C) and for each
storage period (2, 8, and 24 h) were compared by linear method for repeated measure. The
Benjamini‐Hochberg method was used to correct the 5 % alpha level for multiple pairwise comparisons,
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and P‐values less than 0.001 following correction of 5% alpha level, were considered statistically
significant.
Results
Neutrophils with Döhle (Figure 1) or Döhle‐like cytoplasmic inclusions (Figure 2) were observed in most
blood smears. The blood smear examination of all cases, with the exception of cases 1 and 4, prepared
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from blood stored at RT, showed that the percentage of neutrophils with Dohl or Dohl‐like inclusions in
24 hours was more than 8 hours. (Figure 3), the percentage of neutrophils with Döhle body‐like
inclusions was higher than Döhle bodies at both temperatures. The percentage of neutrophils with
Döhle bodies or Döhle body‐like inclusions in T8 and T24 increased significantly for RT (P< 0.001) and 4
°C (P< 0.001) compared to T0, respectively (Table 1). The percentage of neutrophils with Döhle or Döhle‐
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like cytoplasmic inclusions in blood samples stored at RT was more than 4 °C. No statistically significant
difference was observed in the percentage of neutrophils containing Döhle bodies or Döhle body‐like
inclusions between the two storage temperatures in samples T2, T8, and T24 (Table 1).
Discussion
An integral part of a hematological evaluation is the accurate identification of neutrophil cytoplasmic
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inclusions. Among the most common cytoplasmic inclusions observed in cat neutrophils are Döhle or
Döhle‐like cytoplasmic inclusions. Though, other cytoplasmic inclusions of neutrophils in cats include
6

storage lysosomal granules includings mucopolysaccharidosis VI, VII, and gangliosidosis GM2, red
granules in Birman cats (Gough et al., 2018), and other cat breeds, pink‐purple granules in Chediak‐
Higashi syndrome (Bauckley et al., 2020) large blue thread‐like inclusions in May‐Hegglin anomaly
130

(Flatland et al., 2011). Misdiagnosis of leukocyte inclusions is associated with serious clinical
consequences, including misdiagnosis, incorrect treatment, and poor prognosis.
The manifestation of Döhle or Döhle‐like cytoplasmic inclusions in cat neutrophils in the present study
(Figure 1) increased after 8 hours of blood sampling relative to baseline time at both room and
refrigerator temperatures. This increase with a steeper slope in most samples kept at room
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temperature, except for the first and fourth samples, reached its highest percentage in 24 hours. While
at refrigerator temperature, the slope of increasing the percentage of neutrophils with Döhle‐like bodies
or inclusions was milder. It must be mentioned that the increase in the percentage of neutrophils with
Döhle‐bodies or Döhle body‐like inclusions at room temperature was more significant than the
temperature of the refrigerator. This finding was consistent with the results of a study by
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Bau‐Gaudreault et al. (2019) which examined the impact of duration and maintenance on toxic or semi‐
toxic changes in neutrophils of dogs. As the results of Table 1 revealed, there was no statistically
significant difference in the percentage of neutrophils with Döhle or Döhle‐like cytoplasmic inclusions
between the RT and refrigerator temperatures during storage times of 2, 8, and 24 hours.
Since the actual toxic change in bone marrow neutrophils occurs before diffusion into the peripheral
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blood (Takeuchi et al., 2010), the nature of the Döhle body‐like inclusions observed in the present study
is uncertain. The inclusions are thought to result from accumulated rough endsoplasmic reticulum or
ribosomes over time, in which case the cells become more permeable to staining, either as a result of
the staining of previously invisible organs, or as a result of the destruction of existing organs. Evaluation
of these smears by electron microscopy can significantly help to clarify their origin. Blood smears
7
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assessment to evaluate toxic neutrophil changes is a cheap, fast, simple, and accessible process that
indicates the infectious and metabolic diseases in cats. Observation of toxic neutrophils is a significant
diagnostic finding and an aid in patient evaluation, disease course, length of hospital stay, and treatment
planning. In cats, unlike dogs, toxic neutrophils were not associated with higher mortality (Gori et al.,
2021). Various reports have shown time‐ and temperature‐dependent changes in erythrocytes, white
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blood cells, platelets, and automatic and manual CBC markers in cattle (Ihedioha et al., 2007), laboratory
animals, dogs, sheep, goats, horses, turkeys, and sea lions (Hadzimusic et al., 2010). The time delay
between sampling and sample analysis is when blood samples are sent to reference laboratories or
when the analysis cannot be performed easily, affecting the quality of the analysis. Ameri et al. (2011)
found that although most changes in the blood tests of monkeys, rabbits, mice, and rats when the

160

sample was stored at 4 °C were clinically insignificant, the best way to test the blood of these animals is
to process the blood promptly, preferably 1 hour after blood collection. In the present study, no other
toxic changes such as basophilic cytoplasm and foamy vacuolation were observed in feline neurophiles.
Perez‐Ecija et al. (2020) found that increased basophilia and foamy vacuolation of the neutrophil
cytoplasm in the smears within 1 hour of blood collection indicated inflammatory disease in donkey
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blood. Regarding the slight increase in foamy vacuolation that occurs over time in EDTA, the prominence
of moderately vacuolated neutrophils in the smears that occur a few hours after blood collection is
questionable. Though, moderate or severe foamy vacuolation should be considered clinically.

Conclusions
170

Based on the current study, morphological changes in neutrophils of healthy cats developed in vitro in
addition to Döhle or Döhle ‐like cytoplasmic inclusions, including low foamy vacuolation, without
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cytoplasm basophilia, which were different from neutrophils associated with severe inflammation.
Therefore, determining the interpretation of toxic changes in cat neutrophils is affected by storage
conditions and time. Hence, it is suggested that a freshly prepared blood sample be sent to the
175

laboratory immediately after blood sampling with a blood sample stored at 4 °C. It is also recommended
that the time and date of the blood sampling be clearly stated on the submitted samples.
Conflict of interest statement
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TABLE 1
A comparison of the percentage of neutrophils with Döhle bodies or Döhle body‐like inclusions between
T2, T8, and T24 with T0, and RT and RF.
Temperatures

RT

4 °C

Times
T0

5.00 ± 2.15

T2

21.00 ± 3.07

14.00 ± 2.45

(P = 0.028a)

(P = 0.096a)

24.87 ± 4.38

20.37 ± 2.92

(P < 0.001a* )

(P = 0.001a*)

41.62 ± 5.39

30.62 ± 3.24

(P < 0.001a*)

(P < 0.001a*)

T8

T24

RT; Room temperature
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a

indicated that the comparison between T2, T8, T24 with T0.

b

indicated that the comparison between RT and RF.

*

indicated that significantly different following correction for multiple comparisons.
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(P = 0.129b)

(P =0.060b)

(P = 0.111b)
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Figure 1. The Döhle bodies are circled in black in cat neutrophil
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Figure 2. The Döhle body‐like inclusion is circled in gray in cat neutrophil
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Figure 3. A histogram shows the progressive appearance of Döhle or Döhle‐like cytoplasmic inclusions
within each case for each temperature and time point. The Döhle‐like cytoplasmic inclusions are
displayed in orange, and the Döhle bodies are displayed in blue. A, Room temperature, B, 4 °C, T2: 2 h
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post blood collected, T8: 8 h post blood collected, T24: 24 h post blood collected
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اﺛﺮات دﻣﺎ و زﻣﺎن ﻧﮕﻬﺪاري ﺧﻮن ﺑﺮ ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي دل و ﺷﺒﻪ دل در ﻧﻮﺗﺮوﻓﻴﻞ ﻫﺎي ﮔﺮﺑﻪ

ﻣﺤﻤﻮد رﺿﺎ ﺗﺒﺮﻳﺰﭼﻲ  ،ﻣﺤﻤﻮد اﺣﻤﺪي ﻫﻤﺪاﻧﻲ
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*

ﮔﺮوه ﻋﻠﻮم درﻣﺎﻧﮕﺎﻫﻲ ،داﻧﺸﻜﺪه داﻣﭙﺰﺷﻜﻲ ،داﻧﺸﮕﺎه ﺳﻤﻨﺎن ،ﺳﻤﻨﺎن ،اﻳﺮان
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ﺧﻠﺎﺻﻪ
زﻣﻴﻨﻪ ﻣﻄﺎﻟﻌﻪ :اﻫﻤﻴﺖ ﺑﺎﻟﻴﻨﻲ ﺗﺸﺨﻴﺺ ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي دل در ﻧﻮﺗﺮوﻓﻴﻞ ﻫﺎي ﮔﺮﺑﻪ ﺑﻪ ﻋﻨﻮان ﻳﻜﻲ از ﻣﺮﺳﻮم ﺗﺮﻳﻦ ﺗﻐﻴﻴﺮات ﺗﻮﻛﺴﻴﻚ ،ﻣﻄﺎﻟﻌﻪ
ﻋﻮاﻣﻞ ﭘﻴﺶ ﺗﺤﻠﻴﻠﻲ ﻣﺎﻧﻨﺪ دﻣﺎ و زﻣﺎن ذﺧﻴﺮه ﺳﺎزي ﺧﻮن در ﺷﻜﻞ ﮔﻴﺮي اﻳﻦ ﺗﻐﻴﻴﺮات را ﺿﺮوري ﻛﺮده اﺳﺖ .
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ﻫﺪف :ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ ﺑﻪ دﻧﺒﺎل ﺑﺮرﺳﻲ ﺗﺄﺛﻴﺮ زﻣﺎن و دﻣﺎي ذﺧﻴﺮه ﺳﺎزي ﺧﻮن ﺑﺮﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي دل ﻳﺎ ﺷﺒﻪ دل در ﻧﻮﺗﺮوﻓﻴﻞ ﻫﺎي ﮔﺮﺑﻪ ﺑﻮد.
روش ﻛﺎر:
ﻧﻤﻮﻧﻪ ﺧﻮن  EDTAدار از ﻫﺸﺖ ﮔﺮﺑﻪ ﺑﺪون ﺷﻮاﻫﺪي از ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي دل در ﮔﺴﺘﺮش ﻫﺎي ﺧﻮن ﺗﺎزه ) (T0ﺑﺪﺳﺖ آﻣﺪ .ﻧﻤﻮﻧﻪﻫﺎ در درﺟﻪ
ﺣﺮارت اﺗﺎق ) (RTو  4درﺟﻪ ﺳﺎﻧﺘﻴﮕﺮاد ،ﺑﻪ ﻋﻨﻮان دﻣﺎﻫﺎي ﻣﺘﺪاول ﻧﮕﻬﺪاري ﻧﻤﻮﻧﻪ ﻫﺎ در آزﻣﺎﻳﺸﮕﺎه ﻧﮕﻬﺪاري ﺷﺪﻧﺪ .ﮔﺴﺘﺮش ﻫﺎ  2ﺳﺎﻋﺖ )،(T2
 8ﺳﺎﻋﺖ ) (T8و  24ﺳﺎﻋﺖ ) (T24ﭘﺲ از ﺧﻮﻧﮕﻴﺮي ﺑﺮاي ﻫﺮ دو دﻣﺎي ذﺧﻴﺮه ﺳﺎزي ﺗﻬﻴﻪ ﺷﺪﻧﺪ .ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي دل ﻳﺎ ﺷﺒﻪ دل در ﻫﺮ
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ﮔﺴﺘﺮش ﺑﻪ ﺻﻮرت رﻧﺪوم ارزﻳﺎﺑﻲ ﺷﺪﻧﺪ.
ﻧﺘﺎﻳﺞ :درﺻﺪ ﻧﻮﺗﺮوﻓﻴﻞ ﻫﺎي داراي ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي دل ﻳﺎ ﺷﺒﻪ دل در  T8و  T24ﺑﻪ ﺗﺮﺗﻴﺐ در درﺟﻪ ﺣﺮارت اﺗﺎق و  4درﺟﻪ ﺳﺎﻧﺘﻲ ﮔﺮاد در
ﻣﻘﺎﻳﺴﻪ ﺑﺎ  T0ﺑﻪ ﻃﻮر ﻣﻌﻨﻲ داري اﻓﺰاﻳﺶ ﻧﺸﺎن داد ) .(P<0/001ﮔﺴﺘﺮش ﻫﺎي ﺧﻮﻧﻲ ﺗﻬﻴﻪ ﺷﺪه از ﻧﻤﻮﻧﻪ ﻫﺎي ﺧﻮن ﻧﮕﻬﺪاري ﺷﺪه در درﺟﻪ
ﺣﺮارت اﺗﺎق داراي ﻧﻮﺗﺮوﻓﻴﻞﻫﺎي ﺣﺎوي اﺟﺴﺎم دل ﻳﺎ ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي ﺷﺒﻪ دل ﺑﻴﺸﺘﺮي ﻧﺴﺒﺖ ﺑﻪ ﻧﻤﻮﻧﻪﻫﺎي ﺧﻮن ذﺧﻴﺮه ﺷﺪه ادر  4درﺟﻪ
ﺳﺎﻧﺘﻲﮔﺮاد ﺑﻮد .اﺧﺘﻠﺎف آﻣﺎري ﻣﻌﻨﻲ داري در درﺻﺪ ﻧﻮﺗﺮوﻓﻴﻞ ﻫﺎي داراي اﻳﻦ ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎ ﺑﻴﻦ دو دﻣﺎ در ﻫﻴﺞﻳﻚ از زﻣﺎن ﻫﺎي ذﺧﻴﺮه ﺳﺎزي
ﻳﺎﻓﺖ ﻧﺸﺪ.
17

360

ﻧﺘﻴﺠﻪﮔﻴﺮي :اﻳﺠﺎد ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي ﺷﺒﻪ دل در ﻧﻮﺗﺮوﻓﻴﻞﻫﺎي ﮔﺮﺑﻪ زﻣﺎﻧﻲ اﺗﻔﺎق ﻣﻲاﻓﺘﺪ ﻛﻪ آرﻣﺎﻳﺶ ﺧﻮن ﺑﻪ ﺗﺎﺧﻴﺮ ﺑﻴﻔﺘﺪ ،ﺑﻪ ﺧﺼﻮص در دﻣﺎي
ذﺧﻴﺮهﺳﺎزي ﺑﺎﻟﺎﺗﺮ ،و ﻣﻤﻜﻦ اﺳﺖ ﺑﺮ ﺗﺸﺨﻴﺺ و ﺗﺼﻤﻴﻢﮔﻴﺮي ﺑﺎﻟﻴﻨﻲ ﺗﺄﺛﻴﺮ ﺑﮕﺬارد .ﺑﻨﺎﺑﺮاﻳﻦ ،ﻳﻚ ﮔﺴﺘﺮش ﺧﻮن ﺑﺎﻳﺪ ﺑﻪ ﻣﺤﺾ ﺧﻮﻧﮕﻴﺮي ﺗﻬﻴﻪ
ﺷﻮد ﺗﺎ ﺗﻐﻴﻴﺮات ﭘﻴﺶ از آزﻣﺎﻳﺶ ﻛﺎﻫﺶ ﻳﺎﺑﺪ.
365
ﻛﻠﻤﺎت ﻛﻠﻴﺪي:
ﻧﻮﺗﺮوﻓﻴﻞ ﮔﺮﺑﻪ ،اﺟﺴﺎم دل ،ﮔﻨﺠﻴﺪﮔﻲ ﻫﺎي ﺷﺒﻪ دل ،دﻣﺎ ،زﻣﺎن

370
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