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Abstract

Case summary A 5-year-old castrated male domestic shorthair cat was presented for a multidrug-resistant
Enterococcus faecium urinary tract infection within its bilateral subcutaneous ureteral bypass systems. After
considerable consultation, the cat was treated with oral linezolid (10 mg/kg q12h) for two separate 2-week courses
over 5 weeks. Over this time period, the cat became progressively neutropenic and thrombocytopenic, but was
otherwise clinically stable. Upon cessation of the linezolid, the bicytopenia resolved within 12 days.
Relevance and novel information The reversible myelosuppression in this case is suspected to be secondary to linezolid
administration. While previously reported in people, this effect has not been reported at therapeutic doses in veterinary
species. This report demonstrates the potential for adverse drug reaction development in cats treated with prolonged
linezolid therapy and highlights the need for extreme caution when utilizing linezolid in patients with renal insufficiency.
Linezolid is the only drug currently approved by the Food and Drug Administration to treat vancomycin-resistant
enterococci infections in people; however, resistance to this antibiotic appears to be increasing. Multidrug-resistant
organisms continue to be a real global public health threat in both human and veterinary medicine. Third-tier antibiotics
should only be considered under extreme circumstances and after considerable consultation with a specialist. Please
note that the authors of this manuscript followed American Veterinary Medical Association policies on stewardship and
International Society for Companion Animal Infectious Diseases guidelines, and do not promote or encourage the use
in daily practice.
Keywords: Adverse drug reaction; antibiotic; linezolid; monitoring; myelosuppression; neutropenia; side effect;
subcutaneous ureteral bypass; thrombocytopenia; urinary tract infection
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Introduction
Ureteral obstruction is a common, and often fatal, condition in cats. Medical management is generally associated
with a poor long-term outcome, and traditional surgical
approaches such as ureterotomy are associated with significant morbidity and mortality.1 Currently, interventional methods such as placement of a ureteral stent or
subcutaneous ureteral bypass (SUB) device are recommended following the failure of medical management or
in severe, emergent cases.2 While these techniques have
lower perioperative mortality rates, they still carry the

risk of long-term complications such as urinary tract
and/or implant infection.3 Two studies have shown positive bacterial urine cultures in 24–25% of cats following
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SUB placement.3,4 Enterococcus species are the most commonly implicated cause of chronic bacteriuria in cats
with SUB systems, though treatment may not always be
warranted.3,4 Enterococcal infection can be challenging
given its propensity for the development of resistance
and biofilm formation, and implant removal may be the
only viable option to prevent progression to urosepsis in
some cases.5–7

Case description
A 5-year-old castrated male domestic shorthair cat was
presented to our veterinary teaching hospital for suspected pyelonephritis. Twenty months previously, the cat
was evaluated at another hospital for acute kidney injury
due to bilateral ureteral obstruction and suspected
pyelonephritis. No abnormalities were present on complete blood count (CBC) at that time. Serum chemistry
revealed marked azotemia (blood urea nitrogen [BUN]
211 mg/dl [reference interval (RI) 15–34 mg/dl]; creatinine 13.2 mg/dl [RI 0.7–1.8 mg/dl]). When medical management failed, bilateral SUB devices were placed.
Bloodwork performed 1 month after surgery revealed
dramatic improvement in azotemia (BUN 28 mg/dl; creatinine 2.7 mg/dl). Despite recommendations for periodic flushing of the SUB devices, this only occurred twice
in the 20 months since placement at approximately 8 and
13 months, respectively. Urine obtained during both
flushes was negative for microbial growth.
Upon presentation to our hospital, the cat’s physical
examination revealed a temperature of 100.4°F (38.0°C),
a heart rate of 230 beats per min (bpm) and a respiratory rate of 40 breaths per min. CBC abnormalities
included a mild normocytic, normochromic, nonregenerative anemia (hematocrit 30.7% [RI 33.0–51.0%])
and leukocytosis (white blood cell [WBC] count
14.35 × 103/µl [RI 3.77–16.73 × 103/µl]) characterized
by left-shifted neutrophilia (segmented neutrophils
15.985 × 103/µl [RI 2.773–6.975 × 103/µl]; band neutrophils 0.623 × 103/µl [RI 0.000/µl]) and monocytosis
(1.246 × 103/µl [RI 0.068–0.780 × 103/µl]). Serum chemistry abnormalities included moderate azotemia (BUN
65 mg/dl; creatinine 4.3 mg/dl) and hypermagnesemia
(3.2 mg/dl [RI 2.0–2.6 mg/dl]). Abdominal ultrasonography revealed left hydronephrosis and hydroureter,
regional tissue reaction, small intestinal rupture with
an intraluminal foreign body at the site of entry of the
left SUB tubing into the urinary bladder and no evidence of right-sided SUB obstruction. Flushing the systems with agitated sterile saline during ultrasonographic
assessment determined the left cystostomy tube to be
obstructed. An exploratory laparotomy was performed,
wherein the small intestines were found adhered and
perforated around the left cystostomy tube. The left
cystostomy tube was replaced, and resection and anastomosis of the intestinal segment was performed with
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no intra- or postoperative complications. A chemistry
panel submitted prior to hospital discharge revealed
BUN 49 mg/dl and creatinine 2.8 mg/dl. The cat was
discharged with amoxicillin/clavulanic acid (Clavamox
drops [Zoetis] 13.2 mg/kg PO q12h for 2 weeks).
Two weeks after surgery, the cat was presented for
progressive lethargy, inappetence and worsening
azotemia discovered by the primary care veterinarian
(BUN 57 mg/dl; creatinine 4.7 mg/dl). CBC revealed a
normocytic, normochromic, non-regenerative anemia
(21.2%) and leukocytosis (14.35 × 103/µl) characterized
by segmented neutrophilia (9.615 × 103/µl). Ultrasonographic evaluation of the cat’s urinary tract revealed
mild left-sided SUB occlusion in addition to left-sided
pyelectasia. A urine sample was collected from both
SUB ports; urinalysis revealed pyuria, hematuria and
bacteriuria in both, while bacterial culture of each
sample cultured >100,000 CFU/ml multidrug-resistant
(MDR) Enterococcus faecium with identical resistance
profiles. Based on extended susceptibility testing, the
bacteria were susceptible only to vancomycin and linezolid. Given the cat’s progressive azotemia, clinical
signs, dangerous sequelae associated with infected
implants, and following consultations with both the
veterinary college’s pharmacologist and microbiologist, antibiotic therapy with linezolid (compounded
50 mg capsule; North Carolina State University [NCSU])
10 mg/kg PO q12h was initiated (Figure 1; day 0).
Although the bacteria were susceptible to vancomycin,
this antibiotic was not chosen owing to the necessity of
intravenous (IV) administration and possible nephrotoxicity. The cat was administered darbepoetin (Aranesp
[Amgen] 0.5 µg/kg SC) once weekly and iron dextran
(100 mg/ml solution [Vedco] 10 mg/kg SC) once to
address the anemia.

Figure 1 Neutrophil and platelet count trends of a cat
experiencing suspected reversible bicytopenia during
linezolid treatment. Gray columns indicate the time during
which linezolid was administered. Dotted horizontal lines
indicate the bounds of the normal reference interval for
each respective cell index. Neutrophil and platelet counts
expressed as cells × 103/µl. CBC = complete blood count
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The T-FloLoc (Tetra-EDTA) Protocol for Infection was
also commenced starting on day 4 of linezolid administration.8 A full description of the protocol can be found
elsewhere.8 Owing to the cost of repeated urine cultures,
a urinalysis was obtained on day 4 and a urine culture
was obtained on day 7. Cultures from each SUB port on
day 7 both yielded 5000–10,000 colony-forming units
(CFU)/ml E faecium that was now susceptible to tetracyclines. Urine collected from the SUB ports on day 14
cultured the same new strain of E faecium, now at a concentration of >100,000 CFU/ml. Owing to the cat’s clinical improvement, and in order to avoid any unknown
sequelae and ethical dilemma associated with chronic
linezolid therapy, this antibiotic was discontinued on
day 14 and minocycline was initiated that day (compounded 25 mg capsule [NCSU] 5.7 mg/kg PO q12h for
2 weeks). Urine collected from the SUB ports on day
20 cultured >100,000 CFU/ml E faecium with a similar
resistance profile to the previous culture. A urinalysis
also revealed the presence of severe pyuria and the cat
was hyporexic and lethargic at home. Prior to considering removal or replacement of the SUB systems, linezolid
(10 mg/kg PO q12h) was reinitiated in conjunction with
the minocycline. On day 26, a SUB flush was performed
again in accordance with the T-FloLoc Protocol for
Infection. At that time, the cat was clinically doing well.
A CBC revealed mild thrombocytopenia (125 × 103/µl
[RI 198–434 × 103/µl]) and a urine culture was again positive for Enterococcus species with the same resistance
profile as previously identified. The cat’s azotemia was
stable at this time (BUN 52 mg/dl; creatinine 5.4 mg/dl)
The cat was presented on day 33 for re-evaluation.
The only medications that the cat was receiving at this
time were linezolid and minocycline. Physical examination revealed a temperature of 101.2°F (38.4°C), a heart
rate of 200 bpm and a respiratory rate of 30 breaths per
min. CBC abnormalities revealed a moderate normocytic, normochromic, non-regenerative anemia (24.8%),
mild leukopenia (3.040 × 103/µl) characterized by segmented neutropenia (1.976 × 103/µl), no band neutrophils and thrombocytopenia (40 × 103/µl), which was
confirmed on blood smear. Out of concern for sepsis, a
coagulation panel was performed, which showed that
no coagulopathy was present. A chemistry panel
revealed progressive azotemia (BUN 124 mg/dl; creatinine 10.0 mg/dl). The cat was hospitalized for supportive care (IV fluid therapy and a packed red blood cell
transfusion) and monitoring of CBC parameters, which
continued to worsen over the following 2 days, despite
vital signs remaining within normal limits. The cat’s segmented neutrophils reached a nadir of 1.693 × 103/µl,
while the cat’s platelets achieved a nadir of 8 × 103/µl.
Because the cat only fulfilled one of four suggested criteria for the diagnosis of systemic inflammatory response
syndrome (SIRS) and was otherwise clinically well, the
bicytopenia was thought to be due to myelosuppression
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secondary to linezolid, rather than sepsis.9 Blood cultures and bone marrow aspiration were recommended
but declined by the owner. Both antibiotics were discontinued on day 35 and the cat was discharged on this day
with instructions to return for bloodwork and urine culture in 1 week. No other medications were being administered at that time.
At this visit (day 47), the cat was doing very well clinically with a marked improvement of most of the CBC
parameters (hematocrit 23.3%; WBC count 21.64 × 103/µl;
segmented neutrophil count 16.230 × 103/µl; platelet
count 492 × 103/µl). A fluoroscopic assessment of the
SUB systems was performed, revealing patency of both
native ureters. Given this, in addition to the persistent
E faecium infection, as indicated on a pooled culture of
urine obtained from the SUB systems, the SUB systems
were removed surgically, and the cat was treated with
vancomycin after further consultation with the veterinary college’s microbiologist and pharmacologist and
its seemingly good prognosis given bilateral ureteral
patency. The cat recovered uneventfully from surgery
and had no recurrence of neutropenia or thrombocytopenia until the time of euthanasia 3 months later due to
recurrent ureteral obstruction.

Discussion
Linezolid was the first oxazolidinone compound to be
developed into and utilized as an antimicrobial agent.
Initially envisioned as monoamine oxidase inhibitors to
treat depression in people, the oxazolidinones were
found to display activity against Gram-positive bacteria.10
Given their wholly synthetic nature and corresponding
lack of inherent resistance genes in bacteria, further
development of these drugs into antimicrobials was
pursued.11 Linezolid is thought to act by targeting 23S
ribosomal RNA of the 50S subunit, thereby interfering in
the formation of the 70S initiation complex.12,13 It is
reserved for life-threatening infections caused by Grampositive bacteria, including Staphylococcus, Streptococcus
and Enterococcus species.11
Linezolid has been classified as a ‘third-tier’ antibiotic
by the Antimicrobial Guidelines Working Group of the
International Society for Companion Animal Infectious
Diseases.14,15 It should therefore only be utilized in documented, treatable infections that are resistant to all other
reasonable options, and after consultation with an expert
in infectious diseases and/or antimicrobial therapy.15
Although its use has not been restricted in the USA,
linezolid has been classified as a ‘Category A’ antibiotic
by the European Medicines Agency, indicating that it
should be avoided and may only be administered to
individual companion animals under exceptional circumstances.16 Despite these recommendations, linezolid
has been utilized or recommended for use in a variety of
companion animal infections, including those caused by
MDR Staphylococcus pseudintermedius, Nocardia species,
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Corynebacterium species and Mycobacterium avium.17–21
Linezolid resistance has been documented in a variety of
bacterial organisms collected from veterinary species,
including Clostridium perfringens, Enterococcus faecalis
and E faecium.22–25 This increasing resistance profile highlights the need to judiciously utilize second- and thirdtier antibiotics. As these antibiotics are reserved for
severe infections in humans, they should only be used
under the most exceptional circumstances when treating
infections in veterinary species and only after consultation with specialists in infectious disease, microbiology
and/or pharmacology. Given the catastrophic consequences of resistance development to these antibiotics,
the authors recommend their use be limited to specialist
practice, should they even need to be used at all.
Furthermore, their use should only be considered when
all other options have been exhausted and in patients
with a good prognosis.
Linezolid’s adverse effect profile is well described in
the human medical literature. The most common adverse
effects include thrombocytopenia (incidence 5.2–38.7%),
anemia (incidence 10.0–16.0%), gastrointestinal upset
(incidence 13.7–27.0%), lactic acidosis (incidence 6.8%),
optic neuropathy (incidence 2.0–25.0%), peripheral neuropathy (incidence 2.0–50.0%) and serotonin syndrome
(incidence 2.2–3.0%).26–34 Significant risk factors for the
development of thrombocytopenia in people include
renal insufficiency, chronic liver disease, neoplasia,
previous vancomycin use and daily dose exceeding
22 mg/kg.28,30,35–41 The median reported time to development of thrombocytopenia is 11 days.37 While relatively
rare, neutropenia alone has been described as occurring
in 6.4% of pediatric patients receiving linezolid and in
scattered case reports of adults receiving linezolid, in
conjunction with anemia and neutropenia.42,43
The only reported adverse effects documented in companion animals were found during prolonged, high-dose
preclinical trials in which time- and dose-dependent, reversible myelosuppression occurred in rats and dogs.44 Given
the limited use in companion animal species, the incidence
of adverse effects in cats is unknown. This case report is
therefore the first to document reversible myelosuppression believed to be secondary to linezolid use in a cat. The
etiology of linezolid-induced myelosuppression has not
been fully elucidated; however, it has been suggested that
cellular oxidative stress may play a large role in the
development of thrombocytopenia and anemia.45
Although no bone marrow analysis was performed to
determine the etiology of this cat’s bicytopenia, there is
a paucity of plausible alternative explanations for why
else this occurred. One possibility is that the cat was septic. Although definitive inclusion criteria for cats with
SIRS have yet to be established, previous studies have
suggested that cats with SIRS have ⩾2 or ⩾3 of the following: a rectal temperature ⩾103.5°F (39.7°C) or <100°F
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(37.8°C); heart rate ⩾225 bpm or ⩽140 bpm; respiratory
rate ⩾40 breaths per min; WBC count ⩾19,500 WBCs/μl
or ⩽5000 WBCs/μl; or a band neutrophil fraction ⩾5%.9
The cat in this report fulfilled only one of these criteria,
and its stable clinical condition would thus not support
that SIRS and sepsis were contributing to the bicytopenia. The cat’s CBC parameters improved dramatically
following discontinuation of all antibiotics; were the cat
septic, that would have been an unlikely outcome.
Another possible explanation for the cat’s bicytopenia is
the concurrent administration of minocycline. Although
no reports describe bicytopenia secondary to minocycline, there are isolated reports of humans developing
thrombocytopenia and neutropenia following minocycline administration.46,47
Upon retrospective evaluation, the cat’s platelet
count decreased nearly 50% after the first 2-week course
of linezolid therapy, despite the platelet count remaining within the RI. This could have been an early indicator of an adverse drug reaction. This highlights the
importance of monitoring CBC parameters while a
patient is receiving linezolid, as a precipitous drop in
platelet count may be an early sign that bone marrow
toxicity is occurring and therapy should be halted.
Consideration should also have been given to the cat’s
impaired renal function, as renal insufficiency is a
known risk factor in people for the development of an
adverse drug reaction to linezolid.28,30,35–37 If antibiotic
selection is limited and linezolid must be administered
to patients with renal insufficiency, dose adjustment has
been suggested to mitigate the development of thrombocytopenia and should be strongly considered in addition to careful hematological monitoring.48

Conclusions
This is the first documented case of myelosuppression
suspected to be secondary to linezolid administration in
a cat. It highlights the importance of rational, judicious
use of third-tier antibiotics such as linezolid, as well as
consideration for comorbidities such as renal insufficiency, which may increase the risk of adverse effect
development.
Antimicrobial stewardship statement Linezolid is
the only drug currently approved by the Food and Drug
Administration to treat vancomycin-resistant enterococci
infections in people; however, resistance to this antibiotic
appears to be increasing. Multidrug-resistant organisms
continue to be a real global public health threat in both
human and veterinary medicine. Third-tier antibiotics
should only be considered under extreme circumstances
and after considerable consultation with a specialist. Please
note that the authors of this manuscript followed American
Veterinary Medical Association policies on stewardship and
International Society for Companion Animal Infectious Diseases
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guidelines, and do not promote or encourage the use in
daily practice.
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