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SUMMARY

Infective endocarditis caused by Proteus mirabilis is a rare and poorly reported disease, with no
well-defined effective antibiotic regimen. Here, we present a case of £ mirabilis aortic valve
endocarditis. We reviewed prior cases and treatment regimens, and devised effective treatment,
which was guided by in vitro sensitivity and synergy testing on the pathogen. Our patient survived
without complications or the need for a surgical intervention.

BACKGROUND

Because of its exceeding rarity, there is not a well-defined antimicrobial regimen with which
to treat Proteus mirabilis endocarditis. Our report describes the failure of an antibiotic
regimen to cure a man with 2 mirabilis endocarditis, despite initial antibiotic susceptibilities
that were well within the sensitive range of this pathogen. This prompted us to perform
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extensive in vitro testing on the blood isolate with 24 hour time-kill studies that led to
devising an effective antibiotic regimen that resulted in cure, without surgical intervention.
Furthermore, our experience suggests that this entity may have been overlooked previously
and may be more common than has been reported. We offer our experience to highlight the
value of devising a treatment regimen aided by in vitro bacterial killing experiments and to
alert clinicians to the potential presence of £ mirabilis endocarditis.

CASE PRESENTATION

A man aged 59 years with a history of prior cerebrovascular accident with left hemiparesis
presented to the hospital with fever, diarrhoea and vomiting. On presentation, the patient had
a low-grade fever (38°C), and was alert with left hemiparesis and partial expressive aphasia.
He was diaphoretic with clear lungs and a normal cardiac examination without any
murmurs. The remainder of the physical examination was unremarkable. On admission, he
was found to have a white cell count of 9300 cells/pL with 76% segmented neutrophils and
20% banded neutrophils. All serum chemistries and liver function tests were within normal
limits. Urine and two sets of blood cultures collected on the day of admission all grew pure
isolates of 2. mirabilis that were uniformly resistant to ciprofloxacin, ampicillin and
trimethoprim/sulfamethoxazole. The patient was initially started on intravenous meropenem
(2 g every 12 hours). His serum creatinine was acutely elevated at this time to 2.38 mg/dL
corresponding to a creatinine clearance of 33 mL/min. After the third dose of meropenem,
he was still febrile and two more sets of blood cultures were drawn. Both again grew A
mirabilis with identical sensitivities to the earlier blood isolate. Treatment was continued
with ceftriaxone, 1 g every 24 hours, and a renal ultrasound was performed, which showed
right hydronephrosis. A nephrostomy tube was inserted, and sanguineous fluid was drained
and it was free of pus. The nephrostomy fluid had no white cells on Gram stain and yielded
sterile cultures. On hospital day 6, repeat blood cultures were sterile and ceftriaxone was
continued for 10 days, followed by oral cefdinir for another 5 days. A cystoscopy found a
bladder stone, but there was no residual ureteral dilation or bladder abnormalities and the
nephrostomy tube was removed.

Ten days after the completion of antibiotics, the patient again became febrile with a peak
temperature of 39°C. Two sets of blood cultures again grew 2 mirabilis with the same
sensitivity profile as the previous blood isolate, while the urine culture was sterile. The
patient’s physical examination was unchanged from earlier. Meropenem was initially
restarted, before the bloodborne pathogen’s identity and susceptibilities were known, and an
abdominal CT scan revealed no hydronephrosis, hepatobiliary abnormalities or intra-
abdominal pathology. However, a transthoracic echocardiogram demonstrated a 5 mm
independently mobile echogenic vegetation associated with the ventricular aspect of the
aortic valve (figure 1). There was no associated aortic regurgitation or other signs of valve
dysfunction. A careful review indicated the absence of any indwelling intravascular devices.
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INVESTIGATIONS

Our original antibiotic regimen failed despite minimum inhibitory concentrations (MICs)
that were well within the sensitive range of this pathogen to a wide array of antibiotics (table
1).

Prompted by this, and by the absence of a classically defined regimen for 2 mirabilis
endocarditis, we performed extensive in vitro testing on the blood isolate with 24 hour time-
kill studies to assess the pharmacodynamic activity of clinically relevant agents and the
potential value of a two-antibiotic regimen, as described previously.! Bacteria were grown in
LB broth (Fisher Bioreagents; Fair Lawn, New Jersey, USA) supplemented with 25 mg/L
calcium and 12.5 mg/L magnesium. Previous data have supported in vitro killing as a
predictor of clinical outcomes for a variety of infections.2~4 However, more robust
translational studies are warranted to fully elucidate its value for patients with Gram-
negative endocarditis, which has not been well explored in this context. An inoculum of 108
CFU/mL was used to replicate the high bacterial density in endocarditis.>® In vitro antibiotic
concentrations were chosen based on the package insert pharmacokinetic data, and account
for protein binding to carefully parallel the unbound, free fraction maximum concentration
(fCmax) of a clinical dose. The following static antimicrobial concentrations were used in
time-kill studies (simulated clinical dose): ceftriaxone, fCmax=25.7 pg/mL (2 g); gentamicin
sulfate, fCinax=4 ug/mL (1 mg/kg); gentamicin sulfate, fCax=15 ug/mL (5 mg/kg);
ampicillin, fC,ax=100 pg/mL (2 g); meropenem, fCpax=48 pg/mL (1 g, 30 min infusion).
Viable bacterial concentrations were assessed at 0, 1, 2, 4, 6, 8 and 24 hours after the
introduction of the antibiotics by plating 100 L aliquots on trypticase soy agar with 5%
sheep blood (TSA II) plates (BD Diagnostic Systems; Franklin Lakes, New Jersey, USA).

Although MIC testing supported the susceptibility of this 2 mirabilis strain to meropenem
(table 1), time-kill results more closely paralleled our patient’s failure to respond to
meropenem, with only a —=0.92 log;g CFU/mL reduction from baseline at 24 hours (figure
2). Ceftriaxone performed similarly to meropenem, causing a —0.94 log,o CFU/mL
reduction from baseline at 24 hours. Neither meropenem nor ceftriaxone as a single agent
was bactericidal at 24 hours (as defined by =99.9% reduction in CFU/mL from baseline).
For this 2 mirabilis isolate, ampicillin did not cause viable bacterial counts to drop below
baseline, while the combination of ampicillin+gentamicin (gentamicin simulating 1 mg/kg)
resulted in a maximal log reduction of —=1.06 log;g CFU/mL at 6 hours followed by regrowth
towards growth control levels by 24 hours. Ceftriaxone combinations with gentamicin
concentrations simulating 1 and 5 mg/kg doses resulted in the greatest bacterial killing with
24 hour reductions of —2.84 and —8.27 log,o CFU/mL, respectively (figure 2), demonstrating
the most efficient bacterial killing. Additional conditions were tested, and did not
demonstrate improved time-Kkill, including cefepime alone and in combination with
gentamicin or ciprofloxacin, as well as ciprofloxacin and gentamicin (data not shown).
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TREATMENT

On the basis of these results, ceftriaxone (2 g every 24 hours) and gentamicin (100 mg every
12 hours) were started. Gentamicin doses were adjusted to maintain peaks of 4.0-5.5 pg/mL
and troughs of <1.0 pg/mL. A 6-week course of antibiotics was completed.

OUTCOME AND FOLLOW-UP

To further establish a proof of cure and to help validate the value of our methodology,
surveillance blood cultures obtained 2 weeks after the discontinuation of antibiotics were
sterile, and he remains well 6 months later.

DISCUSSION

Only a handful of cases of 2 mirabilis endocarditis have been reported in the past literature.
Of these, most caused strikingly severe illness. The first instance of survival without a
surgical intervention was reported in 2007 in a patient treated with ceftriaxone for 4 weeks.’
More recently, a successful outcome was reported with ampicillin and gentamicin for an
ampicillin-sensitive strain of 2 mirabilis.8 In this instance, echocardiography was prompted
after a murmur was detected on examination. To date, only six cases of native valve P
mirabilis endocarditis have been reported (table 2), two of which predated modern
echocardiography.11-12

In contrast to our patient, all patients had mitral valve infections. In addition, there have been
three reported cases of £ mirabilis infection of prosthetic valves, and four reports of mural
or peri-valvular abscesses.13-19

Bacteraemia with P mirabilis does not typically warrant a work-up for endocarditis, and our
patient initially presented with no clinical findings to suggest this diagnosis. However,
several factors ultimately prompted us to entertain this diagnosis. In both febrile episodes,
bacteraemia was sustained, with multiple sets of positive blood cultures. Furthermore, our
patient had ‘break-through’ bacteraemia despite treatment with broad-spectrum antibiotics to
which the pathogen was exquisitely susceptible. The absence of pyonephrosis with
nephrostomy tube placement failed to provide a plausible source for sustained bacteraemia.
Finally, recurrence of 2 mirabilis bacteraemia 10 days after completing a 2-week course of
intravenous antibiotics and absence of a clearly defined source prompted investigation for an
endovascular source. In retrospect, we suspect that he may have originally had urosepsis due
to a transient ureteral obstruction with subsequent seeding to his aortic valve, perpetuating
the bacteraemia even after the obstruction was relieved.

It is intriguing that our patient’s course contrasts dramatically with the majority of reported
cases of £ mirabilis endocarditis that had high mortality or required surgical intervention
(table 2). In fact, the overall mortality rate for non-HACEK Gram-negative bacillus
endocarditis, in one large series, was 24%.20 However, very few of these cases were caused
by P mirabilis. We speculate that less severe instances of £ mirabilis endocarditis may be
more prevalent than have been reported, and that the previous reported cases may have been
diagnosed as endocarditis owing to the severity of disease. It is also possible that many
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undetected cases may have responded to shorter antibiotic courses. In fact, had our patient
not had recurrence of his bacteraemia, his diagnosis might not have come to light.

We present our experience to highlight the value of devising a treatment regimen aided by in
vitro bacterial killing experiments that resulted in clinical and microbiological cure, without
the need for surgical intervention at least in this instance. This adds validation to evaluating
the pathogen-specific pharmacodynamic profile of an administered antibiotic regimen. This
approach may apply in similar clinical situations that lack definitive antibiotic regimens,
although further clinical experiences will be necessary for confirmation, as well as for
determining optimal duration. We also offer our experience to alert clinicians to the potential
presence of 2 mirabilis endocarditis and to encourage prompt aggressive investigation when
warranted by clinical factors.
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Learning points

Native valve infective endocarditis caused by Proteus
mirabilisis a rare and poorly reported disease, for which
there is no well-defined effective antibiotic regimen.

While bacteraemia with 2. mirabilis does not typically
warrant consideration of endocarditis, persistent high-grade
bacteraemia and ‘break-through’ bacteraemia, despite
appropriate antibiotics, supports investigation for
endocarditis.

Whereas reported cases of 2 mirabilis endocarditis have had
high mortality and morbidity, our experience suggests that
less severe instances of P. mirabilis endocarditis may be
more common than has been reported.

Our experience highlights the advantages of devising the
treatment directed by the pathogen-specific
pharmacodynamic profile for infectious entities that do not
have well-defined treatment regimens.
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Figure 1.
Transthoracic echocardiogram. A view of the aortic valve shows a large attached vegetation

(white arrow) on the ventricular aspect of the aortic valve. AO, aorta; AV, aortic valve.
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pharmacodynamic activity of antimicrobial agents. Our patient’s Proteus mirabilis blood
isolate was grown with antibiotics to parallel clinical dosing (concentration detailed in text)

and bacterial survival compared with control growth. Ceftriaxone, combined with
gentamicin, at 1and 5 mg/kg equivalents, demonstrated the most efficient synergistic

bactericidal activity.
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Table 1

Minimum inhibitory concentrations of antibiotics for Proteus mirabilis blood isolate

Antibiotic Minimum inhibitory concentration (ug/mL)

Gentamicin <4

Piperacillin/tazobactam <16

Ceftazidime <1
Ceftriaxone <1
Cefepime <4
Aztreonam <4
Meropenem <1
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Table 2

Previously reported cases of native valve Proteus mirabilis endocarditis

Year Antibiotic therapy Surgical intervention  Outcome
20118 Ampicillin+gentamicin None Cure
20067 Ceftriaxone None Cure
2005%  Ceftriaxone MV replacement ™ Cure
200010  Cefotaxime+ofloxacin MV replacement ™ Cure
197711 Ampicillin+gentamicin followed by carbenicillin+kanamycin ~ None Death
196112 Chloramphenicol None Death

The year listed in the first column corresponds with the occurrence of each case.

*
MV, mitral valve.
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