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Hemophagocytic syndrome in a cat with Mycoplasma
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Abstract
A six-year-old, castrated male domestic shorthair cat was presented for a week-long
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with pale mucous membranes, open-mouth breathing, and mild popliteal lymphade-
nomegaly. Routine bloodwork revealed bicytopenia due to marked non-regenerative
anemia and moderate thrombocytopenia; erythrocyte clumping was apparent on the
blood smear, but no agglutination was noted on a saline dispersion test. Abdominal
and thoracic imaging showed marked splenomegaly and multiple mildly enlarged lymph
nodes. Aspirates from the bone marrow and spleen contained many erythrophagocytic
macrophages and occasional lymphocytes containing engulfed erythrocytes. The mac-
rophages also occasionally contained phagocytosed erythroid precursors, platelets, and
leukocytes. A diagnosis of hemophagocytic syndrome was made based on the presence
of bicytopenia and increased numbers of hemophagocytic macrophages in the spleen
and bone marrow. Though no organisms were observed, Mycoplasma spp. infection was
suspected and confirmed via PCR. To the authors' knowledge, this is the first report of
a hemophagocytic syndrome in a cat with Mycoplasma haemofelis. Lymphocyte engulf-
ment of erythrocytes has been previously reported in a cat with M. haemofelis infec-
tion. Both hemophagocytic syndrome and engulfment of erythrocytes by lymphocytes

should prompt testing for Mycoplasma spp. even with a lack of evident parasitemia.
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1 | CASE PRESENTATION A CBC (ADVIA 2120i, Siemens Healthcare Diagnostics,

Tarrytown, NY, USA) revealed marked non-regenerative anemia (he-

A six-year-old, castrated male domestic shorthair cat was presented
to the Purdue University Veterinary Teaching Hospital Emergency
Service for a week-long history of lethargy and acute onset of an-
orexia and adipsia. The cat was weak, tachypneic with open-mouth
breathing, and had pale mucous membranes on physical examina-

tion. The popliteal lymph nodes were mildly enlarged.

matocrit [Hct] 9.7%, reference interval [RI] 30.0-45.0; reticulocytes
39.7 k/uL, RI< 60.0 k/pL) with a moderate inappropriate rubricytosis
(nucleated red blood cells [nRBC] 17/100 WBC, RI 0). Concurrent
moderate thrombocytopenia (platelets [plt] 59 k/uL, RI 200-500),
without platelet clumping, was present. Mild lymphopenia (lym-
phocytes 1.2 k/pL, Rl 1.5-7.0) and mild eosinopenia (eosinophils
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0.06k/pL, Rl 0.10-1.50) were presumed due to glucocorticoid ef-
fect. Erythrocyte clumping was apparent on the blood smear, but no
agglutination was noted on a saline dispersion test.

Serum biochemical abnormalities (Vitros 4600, Ortho Clinical
Diagnostics, Raritan, NJ, USA) included mild hyperbilirubinemia (total
bilirubin 1.10 mg/dL, R1 0.10-0.40) without concurrent elevations in
cholestatic enzyme activity (alkaline phosphatase [ALP] <201U/L, RI
23-107; gamma-glutamyltransferase [GGT] < 10 IU/L, RI 0-10), most
consistent with hemolysis.

Urine was collected via cystocentesis. The urine was concen-
trated (USG 1.058) with a 3+ heme reaction on the dipstick and 30-
49 RBC/hpf on sediment examination. The cat was also negative for
both FelLV antigen and FIV antibodies on a rapid SNAP test (IDEXX
Laboratories).

Marked splenomegaly and mild lymphadenomegaly of the super-
ficial inguinal, medial iliac, and sternal lymph nodes were discovered
via thoracic and abdominal radiographs. An abdominal ultrasound
confirmed the medial iliac lymphadenomegaly and splenomegaly.
The spleen exhibited diffuse hypoechoic mottling, raising concern
for an infiltrative neoplasm, such as lymphoma.

Cytologic evaluation of splenic fine-needle aspirates was per-
formed. The smears had high nucleated cellularity consisting primar-
ily of a heterogeneous population of lymphocytes. The lymphocytes
were predominantly small and mature, though there were increased
numbers of intermediate to large lymphocytes and plasma cells.
Interestingly, the lymphocytes often contained cannibalized eryth-
rocytes. The lymphocytes containing cannibalized erythrocytes
were predominantly large forms, though occasional small lympho-
cytes also exhibited cannibalism. Macrophages with phagocytosed
erythrocytes and, rarely, leukocytes were also noted. There was mild
erythroid extramedullary hematopoiesis.

The bicytopenia and non-regenerative anemia prompted cyto-
logical evaluation of the bone marrow. The marrow particles were
variably cellular but overall appeared normocellular to mildly hyper-
cellular, with 50%-80% of the particles consisting of hematopoietic
cells and 20%-50% of adipose tissue. There was marked erythroid
hyperplasia (myeloid to erythroid ratio [M:E] 0.17:1; RI 1:1-3:1), but
the maturation was orderly and complete. The megakaryocytic and
myeloid lineages were normocellular; the maturation was complete
but mildly shifted to immaturity. In addition, numerous hemophago-
cytic macrophages, 5% of the nucleated cells in a 500-cell differ-
ential, were scattered throughout the smears. The macrophages
contained many phagocytosed erythrocytes, occasional erythroid
precursors, platelets, and rarely leukocytes (Figure 1). Occasional
lymphocytes were noted cannibalizing erythrocytes, as was ob-
served in the spleen (Figure 2). An interpretation of marked eryth-
roid hyperplasia and a hemophagocytic syndrome was made. There
was a strong suspicion of Mycoplasma haemofelis infection though
no organisms were seen in the erythrocytes of the bone marrow
aspirate.

A blood transfusion was performed, and treatment with doxycy-
cline (5 mg/kg PO g12h) was initiated. Mycoplasma haemofelis infec-
tion was confirmed via PCR (The University of Georgia Veterinary
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FIGURE 1 Bone marrow aspirate smear, modified Wright
stain. Bar = 20um. Frequent hemophagocytic macrophages
(asterisks) are scattered among the hematopoietic cells. Most of
the macrophages contain phagocytosed mature erythrocytes with
fewer polychromatophilic and nucleated erythrocytes. Rarely,

the macrophages also contained phagocytosed leukocytes and
platelets (not pictured).

Diagnostic Laboratories, Athens, GA). Re-evaluation of the CBC
(IDEXX Reference Laboratories, Westbrook, ME, USA) 1 week later
revealed a reticulocytosis and confirmed resolution of the anemia
and thrombocytopenia (Reticulocytes 89 k/uL, Rl 3-50; HCT 39.8%,
Rl 28.2-52.7; platelets 735k/pL, Rl 155-641).

The cat was initially lost to follow-up but was represented for a
bite wound sustained during a fight with a housemate approximately
2.5years after the initial presentation. Blood work was not evalu-
ated at this visit, but apart from the bite wound and a fever (rectal
temperature 103.9°F), the physical exam was unremarkable. The
owner also reported a successful recovery since treatment of the

mycoplasmal infection with doxycycline.

2 | DISCUSSION

2.1 | Hemophagocytic syndrome (Hemophagocytic
lymphohistiocytosis)

Hemophagocytic syndrome or hemophagocytic lymphohistiocytosis
(HLH) in people is characterized by dysregulation and activation of
NK cells, cytotoxic T cells, and macrophages, leading to hemophago-
cytosis.1 In humans, HLH is classified as primary or secondary. In
primary HLH, one of several genetic mutations results in defective
perforin/granzyme-mediated cytolysis by NK cells and cytotoxic T
cells.}? Secondary HLH is triggered by various conditions, including
infectious disease, neoplasia, and autoimmune disorders. Infectious
causes include viral, bacterial, and protozoal infections, includ-
ing hemoparasites such as Babesia spp. and Plasmodium spp.3 The
pathogenesis of secondary HLH is variable and includes excessive
cytokine production.! Diagnostic criteria are established for people
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FIGURE 2 Splenic aspirate, modified Wright stain. (A) Bar = 20um. There is a heterogeneous population of lymphocytes and erythroid
extramedullary hematopoiesis. Many of the lymphocytes contain cannibalized erythrocytes. The majority of these lymphocytes are large
lymphocytes though occasional small lymphocytes also exhibit erythrocyte cannibalism. (B) Bar = 10 um. Higher magnification of a small
to intermediate lymphocyte (left) and two large lymphocytes (right) with cannibalized erythrocytes. Cytoplasmic fragments containing

erythrocytes can also be seen (asterisks).

and consist of a molecular diagnosis consistent with primary HLH
or presence of at least five of the following: fever, splenomegaly,
cytopenias of two or more lineages in the peripheral blood, hypertri-
glyceridemia and/or hypofibrinogenemia, hemophagocytosis in the
spleen, bone marrow, or lymph nodes, no evidence of malignancy,
low or absent NK-cell activity, hyperferritinemia, and increased solu-
ble CD25 (soluble IL-2 receptor).?

In cats, HLH has been associated with hepatic lipidosis and pre-
sumed calicivirus infection, histoplasma-like infection, multiple my-
eloma, and one case with unknown etiology.*”” No official diagnostic
criteria exist for diagnosing HLH in animals. Several case reports in
dogs have used similar criteria as in human cases, including bi- or
pancytopenia and hemophagocytic macrophages in the bone mar-
row or spleen; the proportion of hemophagocytic macrophages re-
quired for diagnosis varied from >2% to >5%.* In this case, the
presumptive diagnosis of hemophagocytic syndrome was based on
bicytopenia and the presence of increased numbers of hemophago-
cytic macrophages in the spleen and bone marrow. Histiocytic sar-
coma was ruled out based on the percentage of macrophages being
<30% of the nucleated cells.® To the authors' knowledge, this is the
first report of hemophagocytic syndrome in a cat with Mycoplasma
haemofelis.

An unexpected finding, in this case, was the non-regenerative
nature of the anemia and inappropriate rubricytosis despite marked
erythroid hyperplasia in the bone marrow. Though phagocytosis of
erythroid precursors was noted in the bone marrow, this was not
a prominent feature. The maturation of the erythroid lineage was
complete without apparent maturation arrest, which would be an
expected finding if the anemia was a precursor-targeted immune-
mediated anemia (PIMA). Interestingly, several, but not all, reports
of canine and feline patients with hemophagocytic syndrome also
document non-regenerative anemia as well.#=% It is possible that

phagocytosis of erythroid precursors contributed to the non-
regenerative nature of the anemia in this case, but it is possible other
mechanisms were also involved. Given the lack of dysplastic changes
in the erythroid lineage and no history of heavy metal exposure or
heat stroke, the rubricytosis was most likely secondary to hypoxic

bone marrow damage secondary to the marked anemia.

2.2 | Hemotropic mycoplasmas

Hemotropic mycoplasmas (also known as hemoplasmas) are a group
of mycoplasmas that attach to the surface of red blood cells of sev-
eral species.9 Hemoplasma infections can be asymptomatic or cause
severe hemolytic anemia, depending on the species and host sus-
ceptibility.” In cats, three species of hemotropic mycoplasmas are
reported; Mycoplasma haemofelis, ‘Candidatus mycoplasma haemo-
minutum’, and ‘Candidatus mycoplasma turicensis’.}°"*2 Among these
species, M. haemofelis is considered a primary pathogen capable of

1314 while the other

causing disease in immunocompetent animals,
species are unlikely to cause clinical disease.”™ Clinical signs of M.
haemofelis infection are related to the response to infection and overt
hemolytic anemia and include pale mucous membranes, pyrexia,
lethargy, inappetence, tachycardia, cardiac “hemic” murmur, weight
loss, hepatomegaly, splenomegaly, and lymphadenomegaly.}'®
Treatment for hemoplasma infections relies on antimicrobial ther-
apy with tetracyclines or fluoroquinolones and supportive care.’
However, complete clearance of infection is typically not achieved,
and the animals become lifetime carriers. Protocols for the manage-
ment of hemoplasmosis and for M. haemofelis clearance in chronic
carriers are available.}> M. haemofelis infection may cause secondary
immune-mediated anemia with reported positive Coomb's test,'® in-

dicating the presence of erythrocyte-bound antibodies; however, it
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is still unclear whether these antibodies are autoantibodies directed
at the erythrocyte surface, they are specific to M. haemofelis and as-
sociated with the erythrocytes because of the presence of attached
organisms, or they are triggered due to exposure of erythrocyte an-
tigen by hemolysis.

2.3 | Cell cannibalism

The term cell cannibalism is used to describe the engulfment of a
living cell by another cell of the same (homotypic cannibalism) or a
different type (heterotypic cannibalism/xenocannibalism).’” In this
case, we reserve the term erythrophagocytosis for erythrophagia by
professional phagocytes. Cell cannibalism is most commonly seen in
neoplasia and is thought to serve as a survival mechanism for neo-
plastic cells under conditions of metabolic stress such as hypoxia.”’18
In dogs, cell cannibalism has been reported in mammary carcinoma,
squamous cell carcinoma, mast cell tumor, hemangiosarcoma, os-
teosarcoma, and T-cell lymphoma.t”?° In cats, cannibalism of eryth-
rocytes by neoplastic cells has been reported in T-cell lymphoma,
multiple myeloma, and T-cell CLL.2422 Interestingly, a case report of
M. haemofelis infection has also shown the presence of lymphocyte
cannibalism of red blood cells.?® To our knowledge, the presence
of lymphocytes engulfing erythrocytes is a rare finding and can be

24,25

associated with neoplasia or M. haemofelis infection,?® but the

mechanism of this phenomenon is unclear.
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