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Abstract

A 4-year-old English setter presented with a 1-week history of anorexia, lethargy
and occasional vomiting. Blood analysis revealed moderate regenerative anaemia,
mild monocytosis, thrombocytopaenia, hypoproteinaemia, hypoglobulinaemia, hy-
pocholesterolaemia and increased C-reactive protein. On ultrasonography, the
spleen had multifocal hypoechoic lesions. Fine needle aspirates from the spleen and
liver showed marked extramedullary haematopoiesis, an increased number of his-
tiocytes, haemosiderin deposits and erythrophagocytosis. A tentative diagnosis of
haemophagocytic histiocytic sarcoma (HHS) was made, and the owners elected eu-
thanasia. On autopsy, the liver and spleen were enlarged. The spleen had an uneven
surface and a yellow-tan spotted appearance. Histologically, the red pulp was highly
cellular and dominated by erythroid cells, as well as a population of larger polygonal

cells and aggregates of histiocytes. HHS was confirmed by CD11d immunolabelling.
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1 | CASE PRESENTATION

A 4-year-old English setter, intact male, was referred to the Small
Animal Clinic at the Norwegian University of Life Sciences in Oslo,
Norway, due to a 1-week history of anorexia, progressive lethargy
and occasional vomiting. The dog was fully vaccinated and had no
history of travel, previous disease or medication. Upon presenta-
tion, the dog was lethargic with pale and tacky mucous membranes,
a heart rate of 120 beats per minute and thready femoral pulses.
On palpation, the abdomen was distended but not painful. Physical
examination was otherwise unremarkable.

A complete blood count showed a moderate normocytic normo-
chromic regenerative anaemia, mild monocytosis and mild throm-
bocytopenia, which was confirmed on blood smear examination

(Table 1). Serum biochemistry showed a mild hypoproteinaemia,

This represents the first documented case of HHS in an English setter.

anaemia, canine, HHS, immunohistochemistry, spleen

mild hypoglobulinaemia, mild hypocholesterolaemia and moderately
increased C-reactive protein (Table 1). Activated partial thrombo-
plastin time and prothrombin time were not prolonged (aPTT 67s,
reference 72-102 s, PT 14s, reference 11-17 s, IDEXX Coag Dx
Analyzer). Urinalysis revealed a moderate bilirubinuria (100 pmol/L,
IDEXX UA Strip). On abdominal ultrasound performed by a board-
certified radiologist, the spleen had moderately rounded margins
with mild diffuse reduced echogenicity and multifocal, ill-defined,
slightly hypoechoic lesions scattered throughout the entire paren-
chyma. The splenic lymph nodes were slightly enlarged. Thoracic
radiographs were unremarkable.

Cytology smears from the spleen and liver were evaluated by a
board-certified clinical pathologist. Splenic cytology was highly cel-
lular and dominated by erythroid precursor cells, but also low num-
bers of myeloid precursor cells and high numbers of megakaryocytes.
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TABLE 1 Haematology and

biochemistry values from day 1, 4 and

5 from a dog with haemophagocytic RBC (x10%/L)
histiocytic sarcoma HCT (%)
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Day 1 Day 4 Day 5
13.86 (5.65-8.87) 14.11 (5.1-8.5) 12.87 (5.1-8.5)
127.5(37.3-61.7) 133.0(35.0-55.0) 125.0

HGB (g/dL)
MCV (fL)
MCHC (g/dL)

RDW (%)

Retic (x10%/L)
WBC (x107/L)
Neu (x10%/L)
Lym (x107/L)
Mono (x10°/L)
Eos (x107/L)
Baso (x107/L)
PLT (x10%/L)
GLU (mmol/L)
CREA (umol/L)
UREA (mmol/L)
PHOS (mmol/L)
CA (mmol/L)
TP (g/L)

ALB (g/L)
GLOB (g/L)
ALB/GLOB
ALT (U/L)

AST (U/L)
ALKP (U/L)

CK (U/L)

Bile acid (umol/L)
TBIL (umol/L)
CHOL (mmol/L)
AMYL (U/L)
LIPA (U/L)

Na (mmol/L)

K (mmol/L)

Cl (mmol/L)
CRP (mg/L)

19.3(13.1-20.5)
71.2 (61.6-73.5)

+10.5 (12.0-18.0)
+81.1 (62-76)

(35.0-55.0)
17.4 (12.0-18.0)
185.7 (62-76)

33.8(32.0-37.9) 131.5(32.0-36.0) 129.9
(32.0-36.0)
18.3(13.6-21.7) 16.0 (11-16) 15.2 (11-16)

1243.6 (10.0-110)
15.70 (5.05-16.76)

1409 (10.0-110)
12.6 (6.0-18.0)

1265 (10.0-110)
12.5 (6.0-18.0)

10.48 (2.95-11.64) 8.5(3.6-13.0) 8.1(3.6-13.0)
2.58(1.05-5.1) 2.1(0.8-5.8) 3.0(0.8-5.8)
12.34(0.16-1.12) 1.5(0-1.6) 0.9 (0-1.6)
0.29 (0.06-1.23) 0.4 (0-1.8) 0.5 (0-1.8)
0.01 (0.00-0.10) 0.0(0-0.4) 0.0 (0-0.4)
1128 (148-484) 1120(180-500) 1108 (180-500)
5.41 (4.11-7.95) 5.1(3.6-6.6) 4.7 (3.6-6.6)
64 (44-159) 73 (65-110) 57 (65-110)
2.7 (2.5-9.6) 5.0(3.5-7.2) 12.3(3.5-7.2)
0.92(0.81-2.20) 1.2 (0.9-2.0) 1.3(0.9-2.0)
2.08(1.98-3.00) 2.3(2.2-2.9) 2.2(2.2-2.9)
148 (52-82) 149 (54-75) 141 (54-75)
24 (23-40) 130 (32-44) 124 (32-44)
124 (25-45) 119 (22-31) 117 (22-31)
1.0 1.58(1.0-2.0) 1.41 (1.0-2.0)
53 (10-125) 19 (0-80) 36 (0-80)

19 (0-40) 24 (0-40)
27 (23-212) 18 (0-90) 14 (0-90)

198 (0-200) 1314 (0-200)

1(0-10) 1(0-10)
5(0-15) 6(0-7) 5(0-7)
12.15 (2.84-8.26) 12.7 (3.4-10.0) 12.2(3.4-10.0)
962 (500-1500) 970 (0-1050) 861 (0-1050)
237 (200-1800) 11 (0-150) 7 (0-150)
151 (144-160) 148 (140-154) 147 (140-154)
4.2(3.5-5.8) 4.4 (3.7-5.8) 4.5(3.7-5.8)
112 (109-122) 115(99-115) 1118 (99-115)
184.6 (0.0-10.0) 171.5 (0-15) 167.9 (0-15)

Note: Values from day 1 were obtained with the IDEXX ProCyte Dx Haematology Analyser and
Catalyst Dx Chemistry Analyser. Values from day 4 and 5 were obtained from the reference
laboratory at the Norwegian University of Life Sciences. All values are listed with the analyser's
own reference values. Values outside the reference range are marked with .

There were also moderately to markedly increased numbers of round
to spindeloid cells with ill-defined cytoplasmic borders. Some of
these cells had a histiocytic appearance, with a moderate to marked
increase in nuclear/cytoplasmic ratio and a lightly blue coloured
cytoplasm. Some contained haemosiderin and some were erythro-

phagocytic (Figure 1). Their nuclei were round to oval with finely

stippled chromatin, with zero to four nucleoli. There was moderate
anisokaryosis and scattered mitoses. Similar cells were also present
in the smears from the liver.

Despite initial cardiovascular stabilization and antiemetic treat-
ment with maropitant 1 mg/kg (Cerenia; Zoetis) once daily, the dog

did not improve further. Nevertheless, the owner wanted to take the
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FIGURE 1 Cytology from the spleen. Mesenchymal cells
showing erythrophagocytosis (arrows). Multiple erythroid
precursor cells (arrowheads) can be seen in the background.
Hemacolor® Rapid stain. 100x objective

dog home for the remainder of the weekend, where no improvement
was noted. Physical examination on day 4 revealed that the dog had
become painful on abdominal palpation and mildly dehydrated.
Blood analysis results from day 4 and 5 are summarized in Table 1.
There was no sign of spherocytosis or auto-agglutination on blood
smears. Due to the dog's deteriorating condition and a tentative di-
agnosis of haemophagocytic histiocytic sarcoma (HHS), the owners
elected euthanasia.

At autopsy, the dog had a moderately enlarged liver with rounded
edges, reduced texture and reticular appearance. The spleen was
markedly enlarged with rounded edges, an uneven surface and a
yellow-tan spotted appearance. Histologically, the spleen had sparse
amounts of white pulp and a highly cellular red pulp. The red pulp
was dominated by small confluent aggregates of erythroid cells, with
a population of larger polygonal to ovoid cells with a blast-like ap-
pearance, with basophilic cytoplasm and large circular nuclei with
one to two nucleoli. There were multifocal small aggregates of well-
differentiated histiocytic cells, many containing haemosiderin and
some showing erythrophagocytosis. In the liver, there were aggre-
gates of erythroid cells periportally and multifocally in the sinusoids,
as well as some well-differentiated histiocytes periportally, some
of which showed erythrophagocytosis. There were few neoplastic
macrophages in the bone marrow and the lungs, and unidentified
small round cells with hyperchromatic nuclei within some alveolar
septa. The bone marrow was dominated by erythroid precursor cells,
mostly rubricytes and some blasts, with scattered megakaryocytes
and low numbers of myeloid and monocytic precursor cells.

Immunohistochemical labelling for CD11d was performed on
formalin-fixed, paraffin-embedded tissue from the spleen, liver and
lungs at an external pathology laboratory (University of California,
Davis). The spleen showed large infiltrates of CD11d + histiocytes
throughout the splenic parenchyma. In the liver, there were high

numbers of CD11d + cells in the sinusoids (Figure 2), with some

FIGURE 2 Formalin-fixed paraffin-embedded tissue, Lungs.
CD11d expressing tumour embolism within a pulmonary
arterial vessel and surrounding alveolar septal infiltration.
Immunoperoxidase stain for CD11d; DAB chromogen and
haematoxylin counterstain. 20x objective
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FIGURE 3 Formalin-fixed paraffin-embedded tissue, Liver.
Diffuse expression of CD11d by tumour cell infiltrates in the
sinusoids of the liver. Dark pigment (haemosiderin) can been seen
throughout the section. Immunoperoxidase stain for CD11d; DAB
chromogen and haematoxylin counterstain. 20x objective

areas showing foci of coalescing histiocytes. In the lungs, there were
moderate amounts of CD11d + cells in the alveolar septa, as well as
aggregates of CD11d + cells within pulmonary arterioles, sometimes

forming neoplastic emboli (Figure 3).

2 | DISCUSSION

Histiocytic proliferative disorders are common in dogs. Most of

these disorders involve dendritic cell proliferation (Affolter &
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Moore, 2002; Moore, 2014). They may, however, also originate
from splenic red pulp- or bone marrow CD11d + macrophages and
result in an uncommon disorder known as HHS, resulting in a dis-
tinctive set of clinicopathological findings (Moore, 2014; Moore
et al., 2006). There is only one case series, with a total of 17 cases,
and one case report describing the disorder (Moore et al., 2006;
Soare et al., 2012). However, there is a study of histiocytic sar-
coma (HS), as well as reports about haemophagocytic syndrome
and haemophagocytic neoplasms, where some included cases had
clinicopathological findings and/or disease progression compat-
ible with HHS (Barger et al., 2012; Kato et al., 2013; Skorupski
et al., 2007; Stockhaus & Slappendel, 1998; Weiss, 2007). Even
though the distinction between HHS, HS and immune-mediated
disorders is important with regard to prognosis and treatment, it
appears that few patients are diagnosed with HHS, based on avail-
able literature.

Previously reported affected breeds include Bernese mountain
dogs, golden retrievers, rottweilers, Labrador retrievers, schnau-
zers, flat-coated retriever and mixed breed dogs (Moore et al., 2006;
Soare et al., 2012). Among these dogs, lethargy, inappetence, weight
loss, pale mucous membranes, splenomegaly and hepatomegaly
were commonly described, which corresponds well with this case
(Moore et al., 2006). Reported clinicopathological findings include
a regenerative anaemia (94% at initial presentation and eventually
100%), thrombocytopenia (88%), hypoproteinaemia (82%), hypo-
albuminaemia (94%), mild prolongation of partial thromboplastin
time (70%), hypocholesterolaemia (69%) and mild hyperbilirubinae-
mia (44%) (Moore et al., 2006). These changes were all seen in the
current case, except a prolonged partial thromboplastin time and
hyperbilirubinaemia. The explanation for these clinicopathologi-
cal changes is discussed in depth in the original case series (Moore
et al.,, 2006). The moderate, regenerative anaemia was most likely
caused by erythrophagocytosis by neoplastic cells. The extramed-
ullary haematopoiesis observed in the spleen is commonly seen in
dogs with haemophagocytic histiocytosis (Moore et al., 2006). The
observed increase in erythrocytic precursor cells in the bone marrow
corresponds well with regeneration. The mild thrombocytopenia
could be a result of neoplastic thrombophagocytosis or thrombocyte
consumption by tumour emboli. Hypoalbuminaemia and hypocho-
lesterolaemia could be caused by inflammation since both represent
negative acute-phase proteins, as discussed in the previous report
(Moore et al., 2006). The moderately increased C-reactive protein
also supports the presence of inflammation. Liver insufficiency was
less likely since glucose and urea were normal. There was no evident
cause for the mild hypoalbuminaemia. Liver insufficiency or protein-
losing nephropathy was not suspected, based on blood biochemistry
and urine analysis. Protein-losing enteropathy could potentially be
the cause, but it was deemed unlikely. At autopsy, the macroscopic
findings in the spleen and liver were similar to those previously re-
ported (Moore et al., 2006). Histologically, there were infiltrates of
histiocytes with variable atypia, haemosiderin deposits and erythro-
phagocytosis in the spleen and liver, as well as suspected infiltrates in

the lungs and bone marrow. The infiltrates were often accompanied
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by foci of extramedullary haematopoiesis. This corresponds well
with previous findings (Moore et al., 2006). Fine needle aspirates
from the spleen and liver were useful in identifying increased num-
bers of histiocytes, erythrophagocytosis and haemosiderin deposits.

Immunophenotyping is considered particularly valuable in classi-
fying the lineage of the histiocytes, especially the 2 integrins CD11/
CD18, which are highly regulated amongst canine macrophages and
dendritic cells (Danilenko et al., 1992, 1995; Ricklin et al., 2010).
Canine histiocytic disorders arising from Langerhans cells and inter-
stitial dendritic cells generally have a high CD11c and a low CD11d
expression, whereas disorders arising from macrophages from the
red pulp and bone marrow, such as HHS, have a low CD11c and a
high CD11d expression (Affolter & Moore, 2002; Allison et al., 2008;
Moore, 2014; Moore et al.,1996, 2006; Rossi et al., 2009). In the cur-
rent case, there were many CD11d + cells in the liver sinusoids and
alveolar septa. The full extent of these histiocytic infiltrates was not
fully appreciated in the routine H&E stained sections, which was also
noted in the previous case series (Moore et al., 2006). Neoplastic
histiocytes may have little cellular atypia in HHS, making the distinc-
tion between neoplastic and normal cells challenging.

In conclusion, this case report represents the first documented
case of HHS in an English setter and the third documented report of
HHS in dogs confirmed by immunohistochemistry. Cytology can be
a helpful tool for evaluating patients with suspected HHS. However,
immunophenotyping is essential to reach a final diagnosis, as neoplas-
tic infiltrates can easily be overseen with routine H&E stained tissues
and cytology. Although uncommon, HHS should be considered as a
differential diagnosis for regenerative anaemia, both with and with-
out concurrent thrombocytopenia. HHS can easily be misdiagnosed

as IMHA or Evan's syndrome, as their clinical picture can be similar.
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