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Abstract

Case summary A 9-year-old spayed female domestic shorthair cat was presented to a referral hospital for
management of recurring non-healing ulcerations and a subcutaneous mass on the ventral abdomen. Prior
treatment included antibiotics (cefovecin followed by clindamycin), wound cleaning and surgical debulking, but
the ulcerations and mass recurred 1 month after surgical removal. At this point, the cat was started on doxycycline
and pradofloxacin and referred for further work-up. The culture of skin biopsy specimens obtained at the time of
referral revealed a population of bacterial colonies with two distinctly different phenotypes. Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry and 16S rRNA gene sequencing identified both colonies
as Mycobacterium goodii. A diagnosis of a cutaneous infection of rapidly growing mycobacteria was made, and
treatment with oral pradofloxacin and doxycycline was initiated. The ulcerations resolved within 4 months,
and the subcutaneous mass gradually decreased in size until it was no longer palpable, even 4 months after the
cessation of antibiotics.

Relevance and novel information This is the second reported feline cutaneous M goodii infection in North
America. The organism was not visualized on histopathology but was successfully cultured from tissue obtained
by skin punch biopsy. A phenotypic switching phenomenon affecting the susceptibility results was suspected,
possibly explaining the presence of phenotypically different but genetically identical strains. This case highlights
the importance of submitting aseptically obtained tissue, fluid or fine-needle aspirates for culture and species
identification, as well as histopathology, when infection with higher bacteria, such as rapidly growing mycobacteria,
is suspected.
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Introduction

Feline cutaneous atypical mycobacteriosis is caused by
aerobic, non-mobile, mycolic acid-containing, acid-fast
rapidly growing mycobacteria (RGM). It is thought that
cutaneous RGM are introduced into the skin either
by puncture with a contaminated object or by exposure
of a wound to contaminated soil, water or decaying
vegetation.!? Lesions include nodules, erosions, ulcera-
tions and draining tracts, and most frequently affect
areas with abundant adipose tissue, such as the ventral
abdomen.! The organisms may not be readily identifiable
by routine stains in cytologic or histopathologic speci-
mens; they may also not be identified using special stains
(eg, Ziehl-Neelsen). Culture or molecular diagnostics
(eg, PCR assays) of aseptically obtained deep tissue or
fluid may be required to identify the organism and its
speciation. When little fluid is present, multiple tissue
aspirates could be submitted for PCR instead. Treatments
usually include long-term administration of systemic
antimicrobials with or without debulking surgery.

RGM are classified into three groups, the Myco-
bacterium fortuitum group, the Mycobacterium chelonae—
abscessus group and the Mycobacterium smegmatis
group, although some species do not fit into any of
these groups.? Infections with Mycobacterium goodii, a
species belonging to the M smegmatis group, have rarely
been reported in animals. To our knowledge, the pre-
sent case represents only the second case of feline cuta-
neous M goodii infection reported in North America and
the first case in Louisiana.

Case description
A 9-year-old spayed female domestic shorthair cat
weighing 4.3kg was presented to the general practice
veterinarian for two suspected puncture wounds on
the ventral abdomen and inguinal areas. The wounds
were cleaned, and the cat was administered cefovecin
(8mg/kg SC [Convenia; Zoetis]). Nine days later,
the cat was started on a 10-day course of clindamycin
(5mg/kg PO ql2h). Three weeks after the initial pres-
entation, the cat returned because the owner reported a
hard mass growing under the wound site. The wounds
were cleaned again, but antibiotics were not prescribed.
The cat returned a month later as the mass had grown
further. A 6 x3 cm mass was surgically removed and sub-
mitted with an additional 9.5 x 3.2 cm skin biopsy sample
for histopathologic evaluation, which revealed severe
multifocal-to-coalescing pyogranulomatous dermatitis
and panniculitis (Figure 1a, b). Grocott-Gomori methe-
namine silver, Ziehl-Neelsen stain and Fite-Faraco
stain were negative for fungi and acid-fast bacilli, respec-
tively. Rare Gram-positive bacilli were present in a Gram
stain section. The cat was restarted on clindamycin after
surgery, but 1 month later the cat returned with non-
healing tracts on the ventral abdomen. Complete blood

Figure 1 (a) Multifocal-to-coalescing regions of necrosis and
pyogranulomatous inflammation severely disrupt the dermis
and subcuitis in this section of haired skin. Hematoxylin

and eosin stain; bar=5mm. (b) A higher magnification of
the inflammation. Loose sheets of epithelioid macrophages
and degenerate neutrophils. Some macrophages contain
phagocytized neutrophils. Hematoxylin and eosin stain;
bar=60pm

count revealed leukocytosis (25,630/pl; reference inter-
val [RI] 5500-19,500) and neutrophilia (23,290/ul; RI
2500-14,000). Serum biochemistry revealed elevated ala-
nine transaminase (ALT; 669 U/I [RI 22-100]). Aerobic
and anaerobic bacterial cultures were performed on
swab samples, but no organisms were isolated. The cat
was continued on clindamycin for another month and
was then switched to doxycycline (5.5mg/kg PO q12h)
and pradofloxacin (7.5mg/kg PO q24h [Veraflox; Bayer])
because of a suspicion of mycobacterial infection.

Three weeks later (21 weeks after the initial presenta-
tion), the cat was presented to the Dermatology Service
at Louisiana State University. Multiple erythematous-
to-violaceous macules and ulcerations were present on
the ventral abdomen (Figure 2). Three cavernous, com-
municating tracts were seen in the right inguinal area.



Wu et al

Figure 2 The cat first presented to the dermatology service
with multiple erythematous-to-purpuric macules and
ulcerations forming cavernous and communicating draining
tracts on the ventral abdomen. A firm, irregularly shaped
subcutaneous mass was present along the previous incision
site and extended to the right

They extended into the musculature and contained very
small amounts of serous exudate. An approximately
6 x6cm, palpable, firm, irregularly shaped subcuta-
neous mass was present along, and to the right of, the
previous incision site. Physical examination was other-
wise unremarkable.

A Diff-Quik-stained cytologic examination of an
impression smear of the draining tracts revealed pyo-
granulomatous inflammation. One macrophage was sus-
pected of containing a few intracytoplasmic, negatively
stained rod-shaped bacteria. The cat was lightly sedated
with dexmedetomidine (3.5ug/kg IV [Dexdomitor;
Zoetis]) and butorphanol (0.3mg/kg IV [Torbugesic-SA;
Zoetis]). Affected areas were anesthetized by subcutane-
ous injections of lidocaine (Lidocaine 2%; VetOne) in a
ring-block pattern. Three 4 mm punch biopsy specimens
were collected for aerobic and anaerobic bacterial, myco-
bacterial and fungal culture and submitted to the Clinical
Bacteriology and Mycology Laboratory at the University
of Tennessee College of Veterinary Medicine. A fine-nee-
dle aspiration was attempted, but the volume of fluid
obtained was not considered sufficient for further evalu-
ation at the time. Pradofloxacin was continued pending
the results, but doxycycline was discontinued because of
the previously noted increase in ALT level. The owners

were instructed to apply silver sulfadiazine 1% cream to
the erosions and ulcerations twice daily.

Aerobic bacterial culture revealed two isolates with
distinctly different appearances. One had a smooth white
surface, while the other had a white, rough and dry sur-
face. Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) identified
both types of colonies as M goodii. These results were
confirmed by 165 rRNA gene sequencing.

Antimicrobial susceptibility tests (Table 1) by broth
microdilution revealed slightly different susceptibility
results: both isolates were susceptible to doxycycline
and most fluoroquinolones; however, one isolate was
resistant to ciprofloxacin. Based on the results, silver
sulfadiazine and pradofloxacin were continued, and
doxycycline (5.5mg/kg PO ql2h) was restarted after
re-evaluation of ALT (35U /1; RI 0-90).

Eight weeks after the presentation to the dermatology
service, the subcutaneous mass had decreased in size,
and the cat only had a small ulcer remaining in the right
inguinal area. Medications were continued at the same
dosage. Four weeks later, only a small erosion was pre-
sent in the right inguinal area. The subcutaneous mass
was smaller, measuring 6x4.3cm. Image analysis soft-
ware (Image] v1.53k; National Institutes of Health) was
also used to measure the surface area of the lesion. The
mass measured 20.2cm?. The doxycycline dose was
increased (5.5mg/kg PO in the morning and 11mg/kg
PO at night), while the rest of the medications remained
the same. Over the next 10 weeks, the mass continued to
decrease in size and fragmented into three small masses
measuring 1.8 x1cm (surface area 1.9cm?), 0.9x0.5cm
(surface area 0.5cm?) and 0.7x0.5cm (surface area
0.4cm?). A linear structure believed to represent
suture material and fibrosis could now be palpated.
Treatment remained unchanged. Eleven weeks later,
there were only two subcutaneous masses measuring
1.7x0.6cm (surface area 1.2cm?) and 0.8x0.5cm
(surface area 0.4cm?). The suspected suture material
remained unchanged. Twenty-five weeks later (66 weeks
after the presentation to the dermatology service), the
cat returned (1 week after the owner discontinued all
medications), at which time only the suspected suture
material remained palpable. By the time this article was
submitted, the cat had been off antibiotics for 4 months
with no lesion recurrence noted.

Discussion

Feline cutaneous RGM infections are uncommon but do
occasionally occur; however, detailed clinical characteri-
zation of infections with individual species has been
infrequently reported in case reports and small-scale
case series. Infections often occur following traumatic
inoculation or wound contamination. In the present
case, the infection was suspected to be a post-traumatic
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Table 1 Results of antimicrobial susceptibility tests for Mycobacterium goodii determined by use of the broth
microdilution and Kirby—Bauer methods

*This method and the breakpoints are approved by the Clinical and Laboratory Standards Institute (CLSI)

tThis is not a CLSI standardized method

S =susceptible; | = intermediate; R = resistant; NA = not applicable because standardized CLSI minimum inhibitory concentration breakpoints

have not been established; (-) = not tested

phenomenon, as the cat lived with one other cat, initially
presented with puncture wounds and had access to the
yard.

M goodii, a species currently classified in the M smeg-
matis group,’ is rarely reported in cats. M smegmatis was
first described in 1885 in humans.* In 1999, M goodii was
differentiated from M smegmatis based on gene sequenc-
ing results.5 It is likely that some earlier cases identified
as M smegmatis were actually M goodii. More recently,
MALDI-TOF MS using Mycobacteria Libraries v2.0
misidentified M goodii as M smegmatis;® however, Myco-
bacteria Libraries v3.0 correctly identifies M goodii.®

M goodii has been considered as an emerging nosoco-
mial pathogen in human patients.” Prosthetic device
contamination has been identified and is likely a com-
mon source of M goodii infections.”® Infection frequently
results in osteomyelitis;*® however, endocarditis, lipoid
pneumonia, bursitis, vasculitis and endophthalmitis
have also been reported.

To our knowledge, only two veterinary cases have
been identified in North America: one dog in Georgia®
and one cat in the south-eastern USA.2 The cat was an
8-year-old spayed female Maine Coon with unspecified
cutaneous lesions on the tail base and left flank. The
cat was medically managed with marbofloxacin and

doxycycline for more than 11 months but had not
achieved resolution by the time the article was
submitted.

In the present case, a cutaneous RGM infection was
highly suspected because of typical skin lesions on
the ventral abdomen and a previous histopathologic
diagnosis of pyogranulomatous dermatitis and pannic-
ulitis, despite the failure to reveal acid-fast positive
bacilli. As acid-fast stains inconsistently detect sapro-
phytic mycobacteria,®!® culture is still indicated before
this differential can be ruled out. Aseptically obtained,
ultrasound-guided fine-needle aspirates of the sub-
cutaneous tissue and/or fluid have been suggested as
preferred specimens to isolate RGM. 1112

Interestingly, bacteria with two distinctly different
phenotypes were cultured. One had a smooth white
appearance, while the other was white, rough and dry.
Despite the phenotypic differences, 165 rRNA gene
sequencing revealed that both isolates were genetically
identical. One possible explanation is that the isolate
may have undergone phenotypic switching. This phe-
nomenon can occur when bacteria experience environ-
mental stress. Phenotype switching may increase the
development of adaptive changes and be involved in
the development of antimicrobial resistance. Indeed,
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the bacteria isolated in the current case had two slightly
different antibiotic resistance profiles. However, phe-
notypic switching can also occur randomly in the
absence of stress. Phenotypic switching has been iden-
tified in both tuberculous and non-tuberculous myco-
bacteria, including M smegmatis.!314

We selected pradofloxacin and doxycycline based
on antimicrobial susceptibility testing results (Table 1).
For RGM, broth microdilution standards for amikacin,
cefoxitin, ciprofloxacin, clarithromycin, doxycycline (or
minocycline), imipenem, linezolid, meropenem, moxi-
floxacin, trimethoprim-sulfamethoxazole and tobramy-
cin have been approved by the Clinical and Laboratory
Standards Institute (CLSI).'> In contrast, the CLSI has not
provided standards for other antimicrobials in broth
microdilution or Kirby-Bauer tests. Although one of the
isolates was resistant to ciprofloxacin, it was sensitive
to moxifloxacin on broth microdilution and demonstrated
a large Kirby-Bauer inhibition zone with enrofloxacin,
marbofloxacin and pradofloxacin. Additionally, although
the CLSI does not have standards for pradofloxacin,!®
the susceptibility to another 8-methoxy fluoroquinolone
(moxifloxacin) suggested that pradofloxacin would be
an appropriate treatment in this case.

Pradofloxacin has activity against Gram-positive
and anaerobic bacteria, good tissue and macrophage
penetration'® and known retinal safety in cats.!'” It
has been shown to have a lower minimum inhibitory
concentration and superior efficacy against M goodii
and M smegmatis sensu stricto vs enrofloxacin and cipro-
floxacin.!® It is generally recommended to use fluoroqui-
nolones combined with macrolides or doxycycline to
lower the chance of resistance development while treat-
ing mycobacterial infections, including RGM.!° However,
M goodii is likely to develop resistance to macrolides
because of an inducible rRNA methylase gene erm(38).20
This phenomenon is unique when compared with other
RGM species.? In the current case, the species identifi-
cation discouraged using macrolides (a decision later
supported by the susceptibility results). Therefore, we
decided to use a combination of pradofloxacin and doxy-
cycline. The doxycycline dosage was increased to the
level the cat could tolerate without gastrointestinal
adverse effects, based upon previous reports.!!

Of note, the M goodii isolated from the cat described
in the south-eastern US report?> demonstrated virtually
the same susceptibility pattern as our case, including
resistance to clarithromyecin. In contrast, the isolate from
the dog in Georgia® was sensitive to almost all the anti-
microbials tested, including clarithromycin.

Additionally, the role of surgery in the management
of RGM is somewhat controversial, with some authors
recommending initiation of antimicrobial treatment
and reassessment followed by surgical intervention.!
Continued antimicrobial administration after surgery is

recommended to facilitate healing.!>!! However, other
authors feel that there is insufficient evidence that sur-
gery is required for resolution of the infection.? Further
confusing the issue is the variable response to surgery
observed in previous reports, as well as the lack of con-
trolled comparison studies. Therefore, the decision to per-
form surgery generally depends on the practitioner’s
clinical experience and judgment.

In the current case, the last palpably abnormal tissue
was associated with what seemed to be residual suture
material. Subcutaneous closure had been performed
using polyglyconate (Maxon; Covidien), which is a
slowly absorbed suture. Biofilm development on slowly
absorbed suture has the potential to serve as a nidus for
future recrudescence of infection. Rapidly absorbed
monofilament sutures have a lower risk of prolonged
bacterial colonization and may be a better option for
surgical closure.

As the present cat had already demonstrated disease
recurrence following surgery, it was decided to post-
pone another surgery until the response to medical
management reached a plateau. However, surgery was
not required as medical management alone resulted in
clinical resolution.

Conclusions

This is only the second case of cutaneous M goodii
infection reported in North American cats. This case
illustrates the importance of performing a culture of
aseptically obtained tissue or fine-needle aspirates of
fluid when clinical findings are consistent with a cuta-
neous RGM infection, even if histopathology does not
demonstrate organisms. Genetically identical isolates
may demonstrate different antimicrobial susceptibility
results, and thus performing separate susceptibility
testing on phenotypically dissimilar isolates is war-
ranted. The use of modern techniques such as MALDI-
TOF MS and 165 rRNA gene sequencing provides
rapid differentiation of M goodii from other RGM spe-
cies, which facilitates prompt selection of proper anti-
microbial treatments. Further studies are needed to
further characterize clinical differences in cutaneous
infections caused by different RGM species.
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