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Mycobacterial infections are a global health concern in 
humans and in other animals.1 In cats, tuberculosis is 
most commonly caused by infection with 
Mycobacterium bovis or Mycobacterium microti (the vole 
bacillus), with disease due to Mycobacterium tuberculo-
sis being very rare.2,3 A recent study in the UK found 
that 19% of cases of feline mycobacterial infections 
were caused by M microti and 15% by M bovis.4 While 
feline tuberculosis is not common, it is probably more 
common than veterinary surgeons realise. A 2012 
study found that histopathological changes consistent 
with mycobacterial infection were present in ~1% of 
all feline tissue samples submitted for histopathologi-
cal examination in the UK.5 Similar data is not availa-
ble for Ireland.

Depending on the route of infection, cats with tuber-
culosis present with a range of clinical signs. Historically, 
when cats were infected with M bovis while drinking 
tuberculous cows’ milk, they presented with alimen-
tary signs, intestinal tubercles and/or mesenteric lym-
phadenopathy.2,4,6,7 However, the most common 
presentation is now cutaneous, with respiratory and 
alimentary forms being seen less frequently.4 The 

cutaneous lesions are usually firm, raised nodules, 
which may ulcerate, or form non-healing wounds with 
draining sinuses. Local or generalised lymphadenopa-
thy may be present; in chronic cases, infection may 
spread to the lungs, cause dyspnoea and sometimes a 
cough, with an interstitial-to-bronchial pattern on radi-
ography.8 Where infection is obtained through inhala-
tion, tubercles form in the lungs or hilar lymph nodes. 
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Disseminated disease is rare, and can cause splenomeg-
aly, hepatomegaly, pneumonia, pleural or pericardial 
effusions, generalised lymphadenopathy, fever and 
weight loss.3,4,6,9

The current epidemiology of feline tuberculosis is 
complex. Occasional alimentary cases may still result 
from drinking tuberculous cows’ milk. However, cuta-
neous lesions probably arise from infected bite wounds, 
as lesions typically involve the face, extremities, tail base 
or perineum – ‘fight and bite sites’.7 Infection by this 
route is possible because wild mice and voles in the UK 
can carry M microti or M bovis,10–13 and hunting is a 
known risk factor for feline tuberculosis.4,14,15 M bovis is 
endemic in badgers in some areas of the UK and Ireland.16 
While cats and badgers rarely interact directly, there is 
the potential for cats to become infected via environmen-
tal contamination.

This report details a case series in which M bovis 
appears to have been transmitted through direct and 
non-direct contact, with nosocomial spread during rou-
tine operations.

Case series
Cat A
A 2-year-old male neutered domestic longhair cat (cat A) 
with outdoor access and hunting behaviour was pre-
sented to a clinic in County Kildare, Ireland, with dis-
charging submandibular wounds assumed to be caused 
by an animal bite. Despite treatment with clavulanate 
amoxicillin (8.75 mg/kg PO q12h for 7 days; Noroclav, 
Norbrook) infection progressed over 3 weeks, and the cat 

developed anorexia, weight loss, lethargy, dehydration 
and generalised purulent lymphadenitis. The cat was not 
re-presented during this period. It was euthanased owing 
to financial constraints and no post-mortem examination 
(PME) was performed. See Figure 1 for the time line of 
infections in all cats included in the series (cats A–E).

Cat B
Thirteen days after cat A was euthanased, a second cat 
(cat B) from the same household was presented. This 
3-year-old male neutered domestic shorthair (DSH) cat 
also had outdoor access and hunting behaviour. It pre-
sented with a similar submandibular wound. The 
underlying muscle was visible and the wound was dis-
charging blood-stained purulent fluid (Figure 2). A 
blood sample was negative for feline immunodefi-
ciency virus antibodies and feline leukaemia virus anti-
gens (FASTest; Megacor). Owing to the history of cat A, 
this cat was treated more aggressively: cefovecin (8 
mg/kg SC; Convenia, Bayer) and clindamycin (25 mg 
PO q12h, 5.5 mg/kg; Clindacyl, Vétoquinol) were 
administered. The wound was cleaned with dilute sur-
gical scrub (chlorhexidine 4% w/v; Hibiscrub, 
Molnlycke Health Care Group) and the same surgical 
scrub was given to the owner to bathe the wound twice 
daily (while wearing surgical gloves). Surgical debride-
ment was declined by the owner owing to financial 
constraints.

Cat A

Cat B

Cat D

Cat C

Cat E

A

Pres. PTS, no PME

23 days

13 days 13 days

Pres. PTS, PME, AFB, culture 

24 days

Pres., PTS, no PME

Castra�on

42 days

14 days; 2 days

Pres., PTS, PME
AFB, culture

OH Pres.

PTS
no  PME, 
AFB

Time

Total : 95 days (13.5 weeks)

Figure 1  Timeline of infections in cats A–E. The solid black 
line indicates the known duration of clinical signs; the pale 
blue line indicates the duration between events; and the 
dashed black line the duration from elective procedure. Pres. 
= day of clinical presentation; PTS = euthanasia; PME = 
post-mortem examination; AFB = acid-fast bacteria seen on 
Ziehl–Neelsen staining; culture = specialist culture looking for 
mycobacteria; OH = ovariohysterectomy

Figure 2  A 3-year-old male neutered domestic shorthair 
cat (cat B) with a submandibular wound through which the 
underlying muscle is visible and the wound is discharging 
blood-stained, purulent fluid
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One week later, cat B’s wound showed little improve-
ment and another wound had developed lateral to the 
first; both wounds were discharging serosanguineous 
fluid. Haematology revealed leucocytosis (30,600 
cells/μl [reference interval {RI} 5.5–19,500 cells/μl]) and 
serum biochemistry revealed mild hypoalbuminaemia 
(21 g/dl [RI 27–45 g/dl]); serum calcium was not 
assessed. The wounds were clipped, cleaned and flushed 
with saline and dilute chlorhexidine solution. Hydrogel 
(Intrasite Gel; Smith & Nephew) was applied, and an 
absorbent dressing (Allevyn; Smith & Nephew) was 
secured over it with a section of nylon tights. The owner 
was asked to re-dress the wounds daily until revisit. 
Surgical debridement and culture and sensitivity were 
declined by the owner owing to financial constraints. Six 
days later, cat B presented with anorexia, weight loss 
and lethargy; the cat was dull, depressed and pyrexic. 
The wounds were heavily exudative and a mass was 
detected on abdominal palpation. The cat was eutha-
nased and sent to the University Veterinary Hospital, 
Dublin, Ireland, for PME, which revealed enlarged ret-
ropharyngeal, popliteal and mesenteric lymph nodes, 
which, when cut, exuded purulent material. The lungs 
displayed scattered 1 mm, firm, white foci throughout 
each lobe extending from the pleural surface to within 
the pulmonary parenchyma. Histopathological exami-
nation of lymph nodes showed multifocal-to-coalescing 
areas of pyogranulomatous inflammation with centres 
of eosinophilic cellular debris surrounded by concentric 
layers of macrophages and neutrophils, and Ziehl–
Neelsen (ZN) staining revealed abundant acid-fast bac-
teria (AFB) within macrophages and free within the 
extracellular space. The lung tissue showed multifocal-
to-coalescing areas of alveolar wall necrosis with a 
marked inflammatory cell infiltrate, and abundant mac-
rophages and neutrophils mixed with fibrin and cellular 
debris; ZN staining revealed numerous AFB within mac-
rophages. The diagnosis was granulomatous necrotising 
pneumonia and pyogranulomatous lymphadenitis with 
intralesional AFB consistent with mycobacteriosis.

Fresh samples of lymph nodes were submitted to the 
National Mycobacterial Reference Laboratory (NMRL) 
at the Central Veterinary Research Laboratory of the 
Department of Agriculture, Food and the Marine, 
Kildare, Ireland, for culture. The lymph nodes were 
homogenised in phosphate-buffered saline and the tis-
sue suspension decontaminated with oxalic acid. After 
centrifugation and wash steps, a tissue pellet was pre-
pared to inoculate Lowenstein–Jensen medium with 
pyruvate, Stonebrink medium with pyruvate and a 
Bactec MGIT 960 tube, containing OADC Growth 
Supplement and PANTA antimicrobial mixture. Cultures 
were incubated at 37°C. The liquid medium showed 
growth after 6 days of incubation, and AFB were present 
in smears prepared from this medium. Colonies were 

observed on solid medium on day 15 of incubation. 
Isolates were confirmed as M bovis and spoligotyping 
was performed as described by Kamerbeek et al,17 but 
using a digoxigenin labelling and detection system. The 
spoligotype pattern was given the name assigned in the 
M bovis spoligotyping database, SB0978.

Pending the culture result, the owner was advised to 
monitor their other animals for wounds, lymphadenop-
athy, and respiratory or enteric disease. The owner was 
advised to disinfect all bowls, bedding and areas to 
which the cats had access. They were informed of the 
zoonotic implications and advised to seek medical 
advice.

Cat C
Twenty-four days after cat B was euthanased, the third 
and final cat (cat C) from that household, a predomi-
nantly indoor female neutered 1-year-old DSH cat, was 
presented with respiratory signs: respiration rate was 
120 breaths per minute with bilaterally increased lung 
sounds and occasional coughing and sneezing. 
Tuberculosis was suspected. The cat was euthanased, 
but a PME was declined by the owner. The other animal 
in the house, a dog, remained healthy.

Cat D
The day cat B was euthanased, a 2-year-old male entire 
DSH outdoor cat (cat D) was hospitalised. The cat 
underwent elective castration prior to rehoming through 
the clinic. It returned 6 weeks later with non-healing 
scrotal wounds, associated purulent discharge (Figure 
3), anorexia, weight loss and lethargy. Masses were pal-
pable, extending from the wound to mid-abdomen. As 
tuberculosis was suspected, the cat was euthanased and 
sent for PME. A swab from the scrotal wound was sent 
to the Irish Equine Centre for cytology and ZN staining, 
which revealed large numbers of AFB. The PME 
revealed inspissated purulent material within the right 
and left vas deferens, extending to the cranial border of 
the pelvis on the right and the insertion of the left ureter 
to the bladder on the left, from where it extended retro-
peritoneally to within 2 cm caudal of the left kidney 
(Figure 4). Four variably sized (1–4 cm) firm masses 
were present within the omentum; on the cut surfaces 
these were pale yellow, wet and soft. The mesenteric 
lymph nodes were marginally enlarged. The lungs were 
gross normal. Histopathological examination of the 
omental masses revealed partially encapsulated masses 
composed of multiple granulomas surrounded by a 
moderate lymphocytic cell infiltrate. Mesenteric lymph 
nodes contained a large central focal granuloma and 
multifocal-to-coalescing areas of necrosis; ZN staining 
of omental masses and mesenteric lymph nodes revealed 
a few AFB within macrophages (Figure 5). 
Granulomatous inflammation was noted in the lung, 
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with multifocal-to-coalescing areas of alveolar wall 
necrosis, and adjacent alveoli contained macrophages, 
fibrin and oedema; ZN staining showed AFB within 
macrophages. The diagnosis was granulomatous 
inflammation of the vas deferens and omentum, with 
granulomatous pneumonia and lymphadenitis, and 

intralesional AFB consistent with mycobacteriosis. A 
sample of mesenteric lymph node and omental mass 
was submitted to the NMRL for culture. AFB were 
recorded after 5 days of incubation in liquid medium, 
while growth on solid media was recorded after 12 
days. The isolate was confirmed as M bovis, spoligotype 
SB0978.

Cat E
On the same day that cat D was euthanased, a 6-month-
old entire strictly indoor female DSH cat (cat E) was 
admitted for ovariohysterectomy. Two days after the 
euthanasia of cat D, results for the swab of its serosan-
guineous fluid confirmed the presence of large num-
bers of AFB. As M bovis was suspected, concern was 
raised that cat E may have been exposed. As the owner 
of cat E had two other cats and a dog, she was advised 
to monitor cat E’s surgical wound, and cover it with an 
adhesive dressing (Primapore; Smith & Nephew) to 
minimise the risk of transmission. Five days after sur-
gery the wound became mildly inflamed; a swab was 
taken for cytology, which was negative for AFB. The 
wound appeared to have healed and the sutures were 
removed 2 weeks after surgery. However, on the day 
after suture removal the wound broke down, and cat E 
was isolated. Two swabs were taken: one from the sur-
face of the incision and one from the serosanguineous 
fluid. The results were received 24 h later: the surface 
swab was negative for AFB, while the fluid swab 
revealed many AFB with morphology consistent with 
mycobacteria. M bovis was presumed and cat E was 
euthanased the following day. PME was declined by 
the owner, and the other pets in the household remained 
healthy.

Figure 3  A 2-year-old male entire domestic shorthair cat 
6 weeks after castration (cat D). Post-mortem examination 
revealed two surgical wounds (left and right) over the 
scrotum, which were expanded by purulent material, 
indicated by the black arrows

Figure 4  Post-mortem examination of cat D showing 
inspissated purulent material within the retroperitoneal space 
extending to 2 cm below the left kidney, as indicated by the 
black arrow

Figure 5  Histopathology of a mesenteric lymph node in cat 
D. Ziehl–Neelsen stain showing acid-fast bacteria within 
macrophages (granulomatous lymphadenitis). Bar =100 µm
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Discussion
To our knowledge, this is the first case series of nosoco-
mial transmission of M bovis in domestic cats. Previously, 
there was a single report of a potentially practice-related 
cluster in New Zealand; however, the authors were not 
able to suggest how nosocomial infection may have 
occurred.18 Our study demonstrates that this important, 
re-emerging and potentially zoonotic infection can be 
transmitted in the clinic environment, and it acts as a 
warning to all veterinary staff when dealing with non-
healing wounds in cats: when a wound is not respond-
ing to treatment as expected it should be investigated 
further with cytology, Gram and ZN staining, culture 
and/or molecular diagnostics (where possible).

Direct and indirect infections are represented here. Cat 
A had discharging submandibular wounds, which are 
common in cats with tuberculosis, and are believed to 
have resulted from being bitten by infected prey species, 
probably mice and voles.4 While M bovis can be found in 
small rodents, it is not believed to be endemic in these 
species;12,13 they are probably infected when foraging in 
land contaminated by tuberculous cattle or badgers. 
Reactor cattle have been detected near to where the cats 
lived (J Eves, personal communication),19 and the spoli-
gotype found in the cats, while rare, has been previously 
documented in three badgers20 and occasional cattle from 
this region (unpublished observations). Cat B presented 
with similar clinical signs, 13 days after cat A was eutha-
nased. It is not clear whether this cat was infected by cat 
A (they lived together), or from a similar hunting inci-
dent to cat A. The similarity of the lesions makes a hunt-
ing incident more likely. Cat C was not a hunter, but it did 
sleep with cats A and B, and its disease was respiratory, 
so it is most likely that it was infected directly by cat A 
and/or cat B. Cats D and E had nosocomial infections 
from their surgical wounds.

When cats A and B were presented, tuberculosis was 
not initially considered in the differential diagnoses. The 
wounds of cat A appeared to be from a bite, which is not 
unusual in an outdoor male cat. The same is true for cat 
B, and while PME suggested tuberculosis, it was advised 
that confirmation by culture could take up to 6 weeks. 
Unfortunately, barrier nursing was not implemented; if 
it had been, infection may have been contained to the 
first three cats, and nosocomial infection prevented.

We can speculate on how the nosocomial infections 
arose. Infection is unlikely to have come from kennels or 
consultation/surgery tables, as they were disinfected 
with 10% Trigene solution (halogenated tertiary amine; 
Medichem International), which (like 3% iodine prepa-
rations and 60–90% alcohol) has excellent activity against 
mycobacteria, for example Mycobacterium avium and 
Mycobacterium terrae.21 However, while it is no longer 
approved by the Department for Environment, Food 
and Rural Affairs for use with Tuberculosis Orders22 and 

neither is its replacement Anigene (halogenated tertiary 
amine; Medichem International), they are mycobacteri-
cidal at dilutions of 1:10 (10% v/v) and are used by the 
Irish Government for disinfections of cattle buildings in 
which M bovis is suspected.

A potential source of infection could have been the 
staff or their uniforms. Their uniforms could have been 
contaminated when holding the cats with draining 
lesions for euthanasia; the contaminated area could then 
have come in contact with another cat’s moist surgical 
wound when it was held post-surgery. However, per-
haps the most likely source of infection would have been 
staff hands as, although they were washed between 
patients, 4% chlorhexidine solution was used (it was also 
used as the surgical scrub solution) and this has only fair 
activity against mycobacteria.23 Gloves were used while 
dealing with draining wounds; however, they were not 
routinely used for procedures such as euthanasia or pre-
operative skin preparation. It was not clear that a cluster 
was forming until the swab results were received from 
cat E. Initially, the infection was thought to be isolated to 
the three cats from the same household. When it became 
clear that cat D had become infected in the clinic, cat E’s 
surgery had already been performed. This was when 
precautions were taken to minimise the risk to other ani-
mals. These precautions were successful. The only two 
animals that were treated surgically on the days of cat 
B’s and cat D’s euthanasia were the two in this case 
series; if there had been any others, prophylactic treat-
ment may have been advised.

The cats presented with clinical signs similar to those 
previously reported.2,4,6,9 Cats A and B had draining sub-
mandibular lesions, which progressed to systemic  
disease, with cat B developing generalised  
lymphadenopathy and pneumonia. Cat C also had 
pneumonia. Cats D and E developed focal lesions at 
their surgical sites, with cat D developing generalised 
lymphadenopathy and pneumonia. However, the short 
incubation periods were unexpected: 42 days for cat D, 
and just 14 days for cat E. The speed of disease progres-
sion was also unexpected; it only took 23 days for cat A 
to progress to the point of euthanasia and only 13 days in 
cat B. By the time cat D presented with scrotal lesions, 
just 42 days after castration, it already had disseminated 
abdominal lesions and pneumonia.

Tuberculosis is typically considered a slowly develop-
ing disease, with humans developing disease over 
months to years, depending on their age, immune status, 
gender, the amount and genotype of mycobacteria they 
are exposed to, whether they are extra-pulmonary cases 
(which develop more rapidly than pulmonary cases) 
and whether they are secondary cases, that is, cases in 
recent contact with a clinical case.24 One study found the 
median incubation period of secondary cases to be 1.26 
years.24 While primary infection causes disease in only 
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10% of humans, most cases develop symptoms within 2 
years. The rest develop latent infections, although 10% 
of these will later become clinical, presenting with incu-
bation periods of many years.25

Few studies have been published on the incubation 
period and/or progression of feline tuberculosis. Rapid 
progression is not typical of field cases, which usually 
take weeks or months to progress.8,14,26 However, in 
1958 experimental subcutaneous infection with M bovis 
produced incubation periods of 28–42 days,2 and in 
1983 an Australian paper reported on a naturally occur-
ring colony outbreak of M bovis where a cat developed 
pneumonia 44 days after being exposed to a cat with 
draining submandibular lesions and progressed to 
death in only 8 days.27 The speed of incubation and dis-
ease progression in the current study is therefore con-
sistent with these primary infections where cats were 
infected with high doses of mycobacteria; this is sup-
ported by finding large numbers of mycobacteria in the 
discharge and tissue samples of the cats in this series 
and the rapid growth of mycobacteria in culture from 
cat B (only 6 days). Some strains of M bovis are more 
pathogenic than others; this has been seen in laboratory 
mice, and may be related to them arising from different 
hosts.28 The strain (spoligotype) of M bovis found in the 
cats in this series is unusual. While it has been found in 
three badgers and occasional cattle from the same area 
(unpublished observations),20 it is not known what 
other species may also have been infected, or how the 
first cats were infected. It has been suggested that they 
might have been infected by feral mink as cats A–C 
lived near to a river where mink are regularly seen 
(unpublished observations), and the neck lesions resem-
bled mustelid bites (Figure 2). Francis showed that 
intraperitoneal infection of cats with M bovis had an 
incubation period of just 11–36 days;2 this explains why 
cat E developed disease so rapidly – it was infected via 
the fresh spay wound.

Diagnosis of feline tuberculosis is challenging. 
When a cat presents with a discharging or suspicious 
wound, tuberculosis should be considered as a differ-
ential diagnosis. Ideally, barrier nursing should be 
implemented. Discharge and/or tissue samples 
should be taken for cytology/histopathology and ZN 
staining; finding AFB with consistent morphology 
and evidence of (pyo-)granulomatous change is highly 
suggestive of mycobacterial infection.29,30 However, 
culture and/or molecular tests (eg, polymerase chain 
reaction-based diagnostics) are needed to reveal the 
species of mycobacteria involved. Unfortunately, M 
bovis can take up to 6 weeks to culture or may give a 
false-negative result,14 particularly in paucibacillary 
samples.31,32 Specific tests, such as serology and intra-
dermal testing, have generally proved unhelpful,9,33–35 
although the interferon-gamma (IFN-ϒ) assay and 

other immunoassays are showing promise in detect-
ing and differentiating cats infected with M bovis, M 
microti and M avium,36–39 and the IFN-ϒ assay is now 
commercially available in the UK for both cats and 
dogs (Biobest Laboratories). As M bovis can survive 
for up to 2 months in appropriate conditions,40 it is 
important to recognise potential cases and make the 
diagnosis; if not, environmental contamination can 
occur. This is of particular importance in a veterinary 
hospital. If cleaning procedures are not adequate, 
there is risk of exposing multiple patients and staff to 
infection and, as this case series shows, M bovis can be 
readily transmitted between animals in a clinic 
environment.

Treating a cat with tuberculosis is challenging and 
contentious.26 Treatment is not advisable if there are 
extensive draining lesions, or if respiratory or general-
ised disease are present. These cases are less likely to 
respond to treatment, and represent increased transmis-
sion risks.9 Other considerations must also be made, 
such as lack of approved drugs, possible drug toxicity, 
restricted finances and compliance issues, as treatment 
typically involves giving two or three drugs for up to 6 
months.3 In addition, in the UK, M bovis is notifiable in 
all mammals,41 so the Animal Health and Veterinary 
Laboratories Agency must be contacted; in Ireland, it is 
only notifiable in ruminants.42 As the cats in this study 
all had significant pathology, euthanasia was the appro-
priate response. Prophylactic treatment of the poten-
tially exposed cats could, perhaps, have been undertaken, 
as this may have prevented clinical disease. However, 
prophylactic treatment has not been previously docu-
mented in cats, and while long-term (6–12 months) sin-
gle-drug (isoniazid at 10 mg/kg PO q24h) regimens 
have been suggested for dogs, it is not known whether 
this would be effective in cats.

Cats with tuberculosis pose a low, but potential, 
zoonotic risk.3 There is only one published report of a 
human gaining an infectious challenge sufficient to 
cause a positive Mantoux test reaction; the person had 
been in close contact with five tuberculous cats and one 
tuberculous brush-tailed possum.27 However, there 
have recently been a number of M bovis tuberculosis 
clusters in cats and dogs in the UK, where owners have 
become infected and needed treatment (unpublished 
observations). In-contact individuals (such as owners 
and veterinary staff) should observe strict hygiene in 
relation to animal handling and disinfection, and attend 
their doctors for advice if they receive significant expo-
sure. All staff and pet owners involved in this case con-
tacted their general practitioners; all of the veterinary 
staff had received the Bacillus Calmette–Guérin vacci-
nation and were over the age of 16 years. Prophylactic 
treatment was not recommended by any of the 
doctors.
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Conclusions
This report shows that veterinary surgeons need to rec-
ognise that cats can become infected with M bovis and 
that, if the disease is not recognised, nosocomial spread 
can occur.
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