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Spontaneously arising disease
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Malakoplakia is a rare chronic granulomatous disease usually affecting the urinary bladder and other
locations. In humans, the gastrointestinal tract is the secondmost common location but there are no reports
of intestinal malakoplakia in animals. A 10-month-old female French Bulldog was presented with chronic
haemorrhagic diarrhoea and anorexia with normochromic-normocytic anaemia and hypoalbuminaemia.
Grossly, there was mucosal thickening and ulceration of the caecum, colon and rectum. Microscopically,
transmural sheetsof foamymacrophageswere seen in these tissues.Macrophageswereperiodic acideSchiff,
vimentin and ionized calcium-binding adaptor molecule 1 positive and contained von Kossa- and Prussian
blue-positive MichaeliseGutmann bodies. Giemsa staining revealed rod-shaped bacterial colonies and
fluorescence in-situ hybridization demonstrated Escherichia coli within macrophages. This is the first re-
ported case of intestinal malakoplakia in domestic animals. Pathological features of intestinal malakoplakia
sharemany similaritieswith ulcerative histiocytic colitis in dogs but it is unclear if theyare different forms of
the same pathological process or distinct entities.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Malakoplakia is a rare chronic granulomatous disease of humans
[1,2] and several animal species including pigs, cats, dogs and ma-
caques [3e11]. In domestic animals, this disease commonly affects
the urinary tract, especially the urinary bladder [1,9], although it can
be found in other locations such as the kidneys [11], pancreas,
stomach and omentum [5], vagina [7] and lymph nodes [3] andmay
also occur systemically [4]. In humans, malakoplakia is associated
with immunosuppressive states [1,12], whereas it appears to arise
spontaneously in animals. The pathogenesis is mainly related to
Escherichia coli infection [6e9], togetherwith a defect in the capacity
of macrophages to digest bacteria [13]. In these cases, there are de-
ficiencies in phagolysosome structure and function [14e16] possibly
associated with inefficient assembly of microtubules, which is
essential for the invagination and degranulation of bacteria [12].
Macroscopic lesions in humans have been described as generalized
nodules, polyps [2] or a diffuse thickening [17]. Histologically,
malakoplakia is characterized by sheets of activated macrophages
with numerous intracytoplasmic periodic acideSchiff (PAS)-positive
granules, the so-called von Hansemann-type macrophages [9,12].
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Ultrastructural examination has identified these intracytoplasmic
granules as lysosomes and phagolysosomes, occasionally filled with
bacteria and bacterial debris. The diagnosis of malakoplakia is based
on the identification of MichaeliseGutmann (MG) bodies [1,12],
lamellar inclusions with various degrees of mineralization, in the
cytoplasm of macrophages and in extracellular locations [9]. MG
bodies are formed by bacterial detritus andmineral deposits, mainly
iron and calcium and, to a lesser extent, phosphorus, chloride and
sulphur [14,15].

In humans, the gastrointestinal tract is the second most com-
mon location affected by this disease [1]. However, intestinal
malakoplakia has not been reported in domestic animals [9]. We
now document the first case of intestinal malakoplakia in any an-
imal species.

A 10-month-old female French Bulldog was presented with a
history of chronic haemorrhagic diarrhoea and anorexia. Haema-
tological and biochemical tests revealed normochromic and nor-
mocytic anaemia (haematocrit 24e35% [reference interval (RI)
37.3e61.7] and haemoglobin 12.3 g/dl [RI 13.1e20.5]), together
with hypoalbuminaemia (1.8 g/dl [RI 2.3e4.0]). Ultrasound images
revealed marked thickening of the colonic and caecal walls and
enlarged mesenteric lymph nodes. The animal was euthanized and
referred for post-mortem examination.
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Tissue samples obtained at necropsy were fixed in 10% neutral-
buffered formalin and embedded in paraffin, and 4-mm thick
sections were stained with haematoxylin and eosin (HE), PAS, von
Kossa, Prussian blue, Gram, Giemsa and ZiehleNeelsen (ZN) stains.
Immunohistochemical labelling was carried out to characterize
the cellular composition of the lesions using antibodies against
ionized calcium-binding adaptor molecule 1 (Iba1), vimentin and
pancytokeratins (panCKs). For Iba1, tissue sections were incubated
with anti-Iba1 primary antibody (1:1000; clone 013-27691; FUJI-
FILM Wako Pure Chemical Corporation, https://labchem-wako.
fujifilm.com) at room temperature for 30 min. Heat-induced
epitope retrieval (HIER) with Tris/EDTA at pH 9 was used and
sections were labelled with EnVision DAB (Dako, www.agilent.
com). For vimentin, sections were incubated with monoclonal
mouse anti-vimentin antibody (ready-to-use; clone V9; Agilent
Dako) at room temperature for 20 min. HIER was carried out with
citrate buffer at pH 6.1 and sections were labelled with EnVision
DAB. For panCKs, sections were incubated with monoclonal mouse
anti-human cytokeratin antibody (ready-to-use; clone AE1/AE3;
Agilent Dako) at room temperature for 60 min. HIER was carried
out as for vimentin and sections labelled with EnVision DAB.
Samples of a canine cutaneous histiocytoma, normal colon and
epidermis were used as tissue-positive controls for Iba1, vimentin
and panCKs, respectively. Sections of normal canine skin and large
intestine were used as negative controls.

Grossly, the mucosa of the distal colon and rectum was multi-
focally thickened by nodular masses (2.5 cm) and occasionally ul-
cerated (Fig. 1). The caecal mucosa was diffusely thickened. On
sectioning, both thickenings had a whitish and homogeneous
appearance and hard consistency. Mesenteric lymph nodes were
enlarged. Microscopically, the distal colon, rectum and caecumwere
transmurally thickened by sheets of activatedmacrophages admixed
Fig. 1. Malakoplakia, rectum, French Bulldog. Transmural thickening (arrow) w
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with a few lymphocytes, plasma cells and neutrophils (Fig. 2).
Multifocally, the mucosa was ulcerated and replaced by a similar
granulomatous infiltrate. Macrophages were round to polygonal,
with abundant cytoplasm containing eosinophilic granular in-
clusions (von Hansemann-type macrophages) that frequently dis-
placed the nucleus peripherally. Macrophages invaded the capsule
and the subcapsular sinus of mesenteric lymph nodes. Macrophages
stained intensely with PAS (Supplementary Fig. 1) and were
immunopositive for vimentin (Supplementary Fig. 2) and Iba1
(Supplementary Fig. 3). Multiple intracytoplasmic calcified sphe-
roidal bodies, compatible with MG bodies, were seen. Depending on
themineral organization, the MG bodies varied from eosinophilic to
basophilic (Fig. 3) andwere positivewith von Kossa (Supplementary
Fig. 4) and Prussian blue stains (Supplementary Fig. 5). Colonies of
rod-shaped bacteria within the cytoplasm of macrophages, and also
located extracellularly, were Giemsa positive (Fig. 4) and Gram and
ZN negative.

Samples of the affected colon were stored at �80�C and tested
using real-time polymerase chain reaction (RT-PCR) (Exopol,
www.exopol.com) against different canine intestinal-associated
viral pathogens (canine distemper virus, canine parainfluenza,
canine adenovirus types I and II, canine parvovirus and canine
herpesvirus I). Fluorescence in-situ hybridization (FISH) was
performed (IDEXX Laboratories, www.iddex.es) to detect intra-
cytoplasmic E. coli within macrophages. RT-PCR for canine dis-
temper virus, canine parainfluenza, canine adenovirus types I and
II, canine parvovirus and canine herpesvirus I was negative. FISH
revealed numerous positive signals in the cytoplasm of macro-
phages compatible with E. coli. The diagnosis of malakoplakia was
made on the basis of the results of histopathology, histochemistry
and immunohistochemistry against Iba1 and vimentin on sections
of the distal colon, rectum, caecum and mesenteric lymph nodes.
ith multifocal ulcers. Defined nodule also present (arrowhead). Bar, 1 cm.
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Fig. 2. Malakoplakia, distal colon, French Bulldog. Severe, diffuse, von Hansemann-type macrophage infiltrate, effacing colonic architecture. HE. Bar, 300 mm.

Fig. 3. Malakoplakia, distal colon, French Bulldog. MichaeliseGutmann bodies in cytoplasm of macrophages (arrowheads) have variable degrees of mineralization. HE. Bar, 100 mm.
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Fig. 4. Malakoplakia, distal colon, French Bulldog. Extra- and intracellular coccobacilli in von Hansemann-type macrophages. Giemsa. Bar, 100 mm.
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To the best of our knowledge, this is the first case of intestinal
malakoplakia reported in domestic animals. Malakoplakia is a
chronic granulomatous disease linked to an inherent defect in
macrophage bacterial digestion [13]. The cytoplasm of macro-
phages is distended by numerous lysosomes and phagolysosomes
[9,13e15]. However, macrophages have reduced guanosine 30,50-
cyclic monophosphate/adenosine 30,50-cyclic monophosphate and
abnormal b-glucuronidase activities, indicating a deficiency in
their phagolysosomal activity [15]. In domestic animals, a chronic
bacterial infection (most commonly E. coli) has been proposed as
the aetiology of this condition [6e9], although other bacteria such
as Mycobacterium avium [3] and experimental infection by Rho-
dococcus equi in swine [16] have been implicated. The proposed
pathogenesis of malakoplakia is phagocytosis of bacteria by mac-
rophages with defective phagolysosomal activity (pre-phagosomal
stage) resulting in partial digestion (phagosomal stage), leading to
accumulation of glycolipid residues in the cytoplasm. These gly-
colipids could act as nucleation centres for subsequent calcium
and iron deposition (post-phagosomal stage) [13]. The main
feature of malakoplakia is the presence of MG bodies, which
appear as lamellar inclusions, are only observed in the final phase
of the disease (post-phagosomal stage) and are identified princi-
pally by von Kossa staining [1,9,12]. In the reported animal cases of
malakoplakia, Prussian blue staining produced inconsistent results
[3,4,9]. In this case, the vast majority of MG bodies were von Kossa
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and Prussian blue positive. Variability in von Kossa and Prussian
blue positivity depends on the extent of calcium/phosphorus/iron
deposition [12].

In domestic animals, malakoplakia mainly affects the urinary
system [9]. Our results indicate that the pathological features of
intestinal malakoplakia are closely related to granulomatous colitis
[18], also called ulcerative histiocytic colitis (UHC), in Boxers and
Bulldogs [19]. Both diseases have been described in young animals
from 4 to 42 months of age. In the present case, malakoplakia
affected the distal colon, caecum and mesenteric lymph nodes,
which are the anatomical locations affected by UHC. Microscopi-
cally, PAS-positive macrophages are characteristic of both of these
conditions [18,19] but in domestic animals malakoplakia is exclu-
sively diagnosed by the presence of MG bodies. As these inclusions
are only seen in the final phase of malakoplakia, the early stages of
this disease may be impossible to differentiate from UHC. Both
diseases are mainly caused by chronic E. coli infection [18,19] and
can be treated with enrofloxacin [7,19]. In Boxers and Bulldogs a
polymorphism on chromosome 38, a specific region that includes
members of the signalling lymphocytic activation molecule (SLAM)
family, has been associated with the development of both diseases
[20]. A deficiency in phagocyte SLAMF1 can induce an altered
macrophage response to E. coli infection, leading to a state of
macrophage hyperactivation in the lamina propria and dysregula-
tion of inflammatory cytokines [21].
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In conclusion, we document the first case of intestinal malako-
plakia in an animal species. Intestinal malakoplakia in this dog
sharesmany similarities with UHC but it is unclear if they represent
different forms of the same pathological process or are distinct
entities.

Statement of author contributions

�A. G�omez: Conceptualization, Methodology, Investigation, Re-
sources, Visualization, Writing e original draft, review and editing.
E. P�erez: Investigation, Resources. N. Calvo-S�anchez: Investigation,
Resources. M. P�erez: Investigation, Resources. M. Borobia: Meth-
odology. L. Luj�an: Investigation, Resources, Writing e review and
editing, Supervision. A. Rodríguez-Largo: Investigation, Resources,
Writing e review and editing, Supervision. S. Villanueva-Saz:
Investigation, Resources, Writing e review and editing,
Supervision.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial or not-for-profit sectors.

Acknowledgments

We thank Rosario Puy�o and Santiago Becerra for technical
support, the Immunohistochemistry Scientific and Technical Ser-
vices of Uranovet SL and the Institut de Recerca Biom�edica de Lleida
Fundaci�o Dr. Pifarr�e.

Declaration of competing interests

The authors declared no conflicts of interest in relation to the
research, authorship or publication of this article.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcpa.2023.07.002.

References

[1] Yousef GM, Naghibi B. Malakoplakia outside the urinary tract. Arch Pathol Lab
Med 2007;131(2):297e300.
37
[2] Zhang Y, Byrnes K, Lam-Himlin D, Pittman M, Pezhouh M, Gonzalez RS, et al.
Gastrointestinal malakoplakia: clinicopathologic analysis of 26 cases. Am J
Surg Pathol 2020;44(9):1251e8.

[3] Gill BS, Ducatelle R, Coussement W, Hoorens J. Malacoplakia-like lesion in the
lymph node of a pig. J Comp Pathol 1981;91(4):539e44.

[4] Taniyama H, Ono T, Matsui T. Systemic malacoplakia in a breeding pig. J Comp
Pathol 1985;95(1):79e85.

[5] Gelmetti D, Gibelli L, Gelmini L, Sironi G. Malakoplakia with digestive tract
involvement in a pig. Vet Pathol 2014;51(4):809e11.

[6] Rutland BE, Nimmo J, Goldsworthy M, Simcock JO, Simpson KW, Kuntz CA.
Successful treatment of malakoplakia of the bladder in a kitten. J Feline Med
Surg 2013;15(8):744e8.

[7] Cattin RP, Hardcastle MR, Simpson KW. Successful treatment of vaginal
malakoplakia in a young cat. J Feline Med Surgery Open Rep 2016;2(2):
2055116916674871.

[8] Benzimra C, Job C, Pascal Q, Bureau S, Combes A, Bongrand Y, et al.
Malakoplakia of the bladder in a 4-month-old puppy. J Am Anim Hosp Assoc
2019;55(5):261e5.

[9] Davis KL, Cheng L, Ramos-Vara J, S�anchez MD, Wilkes RP, Sola MF.
Malakoplakia in the urinary bladder of 4 puppies. Vet Pathol 2021;58(4):
699e704.

[10] Brückner M. Malakoplakia of the urinary bladder in a young French Bulldog.
J Am Vet Med Assoc 2021;260(5):543e8.

[11] Taketa Y, Inomata A, Sonoda J, Hayakawa K, Nakano-Ito K, Ohta E, et al.
Granulomatous nephritis consistent with malakoplakia in a cynomolgus
monkey. J Toxicol Pathol 2013;26(4):419e22.

[12] Dasgupta P, Womack C, Turner AG, Blackford HN. Malacoplakia: von
Hansemann's disease. Br J Urol 1999;84:464e9.

[13] Jung YS, Chung DY, Kim EJ, Cho NH. Ultrastructural evidence of the evolutional
process in malakoplakia. Histol Histopathol 2020;35(2):177e84.

[14] Lou TY, Teplitz C. Malakoplakia: pathogenesis and ultrastructural morpho-
genesis. A problem of altered macrophage (phagolysosomal) response. Hum
Pathol 1974;5(2):191e207.

[15] Lewin KJ, Fair WR, Steigbigel RT, Winberg CD, Droller MJ. Clinical and
laboratory studies into the pathogenesis of malacoplakia. J Clin Pathol
1976;29(4):354e63.

[16] Madarame H, Matsuda H, Okada M, Yoshida S, Sasaki Y, Tsubaki S, et al.
Cutaneous malakoplakia in pigs inoculated with Rhodococcus equi. FEMS
Immunol Med Microbiol 1998;22(4):329e33.

[17] Weinrach DM, Wang KL, Cisler JJ, Diaz LK. Pathologic quiz case: a 54-year-old
liver transplant recipient with diffuse thickening of the sigmoid colon.
Malakoplakia of the colon associated with liver transplant. Arch Pathol Lab
Med 2004;128(10):e133e4.

[18] Dogan B, Zhang S, Kalla SE, Dogan EI, Guo C, Ang CR, et al. Molecular and
phenotypic characterization of Escherichia coli associated with granulomatous
colitis of boxer dogs. Antibiotics 2020;9(9):540.

[19] Mansfield CS, James FE, Craven M, Davies DR, O'Hara AJ, Nicholls PK, et al.
Remission of histiocytic ulcerative colitis in boxer dogs correlates with
eradication of invasive intramucosal Escherichia coli. J Vet Intern Med
2009;23(5):964e9.

[20] Hayward JJ, Castelhano MG, Oliveira KC, Corey E, Balkman C, Baxter TL, et al.
Complex disease and phenotype mapping in the domestic dog. Nat Commun
2016;7(1):10460.

[21] Van Driel BJ, Liao G, Engel P, Terhorst C. Responses to microbial challenges by
SLAMF receptors. Front Immunol 2016;7:4.

https://doi.org/10.1016/j.jcpa.2023.07.002
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref1
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref1
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref1
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref2
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref2
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref2
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref2
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref3
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref3
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref3
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref4
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref4
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref4
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref5
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref5
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref5
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref6
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref6
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref6
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref6
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref7
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref7
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref7
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref8
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref8
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref8
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref8
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref9
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref9
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref9
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref9
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref9
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref10
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref10
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref10
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref11
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref11
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref11
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref11
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref12
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref12
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref12
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref13
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref13
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref13
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref14
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref14
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref14
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref14
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref15
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref15
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref15
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref15
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref16
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref16
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref16
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref16
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref17
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref17
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref17
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref17
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref17
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref18
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref18
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref18
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref19
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref19
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref19
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref19
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref19
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref20
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref20
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref20
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref21
http://refhub.elsevier.com/S0021-9975(23)00250-5/sref21

	A case of canine intestinal malakoplakia
	Statement of author contributions
	Funding
	Acknowledgments
	Declaration of competing interests
	Appendix A. Supplementary data
	References


