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SHORT COMMUNICATION
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Abstract

Prosthetic joint infections due to Pasteurella multocida are rarely but increasingly reported but no data on production of biofilm are avail-
able. We report the case of a woman with a late, haematogenous peri-prosthetic infection of cemented total knee arthroplasty caused by
a strain of P. multocida identified by pyrosequencing and unable to produce biofilm. Comparison of clinical and laboratory findings with those
reported in other patients evidenced differences mainly in the period of symptoms’ onset and in the behaviour of some inflammatory markers.

Key words: Pasteurella multocida, bacterial biofilm, prosthetic joint infections

Prosthetic joint infections (PJIs) are widely rec-
ognized as an important cause of failure in total knee
arthroplasty (TKA) and are usually classified as early,
delayed and late, according to Cobo and Del Pozo
(2011); Romano et al. (2011). Late infections account
for about one-third of reported TKA infections and
are generally caused by low-grade pathogens (Insall
et al., 1983). Production of biofilm is often associated
with PJTs, feature that makes these infections of major
concern for clinicians (Cobo and Del Pozo, 2011). Pas-
teurella multocida is a Gram-negative bacillus, belong-
ing to the normal nasopharyngeal and gastrointestinal
flora of cats and other animals and has been occasion-
ally reported as cause of delayed or late PJIs; gener-
ally, an animal bite or scratch can be identitfied in the
patient’s recent history and haematogenous spreading
of bacteria from this distant source is thought to be
the pathogenetic starter of implant colonization and
onset of the infection (Mahapatra and Mulcahy, 2002).
At our best knowledge rather few data are available on
ability to form biofilm by P. multocida and they mainly
concern isolates from animal infections (Olson et al.,
2002). Here we report a case of acute, late, haematog-
enous infection of a cemented knee prosthesis, caused
by a strain of P. multocida, which was characterized for
in vitro biofilm production.

A 82 year-old woman was referred to our depart-
ment in May 2010 because of an acute onset of a PJI
of her left total knee cemented prosthesis, implanted
four years before (Fig. 1A). In July 2000 a total knee
replacement had been implanted to the patient for
severe knee rheumatoid arthritis; early revision of the
wound was required, due to post-surgical bleeding.
Asymptomatic for the following years, she underwent
femoral component revision for “aseptic loosening”
In May 2010 she presented to our observation with
a swelling, painful and warm knee with functional limi-
tation and a draining fistula in the anterior aspect of
the mid-leg. Clinical history revealed cat scratches over
the homolateral foot and ankle five months before, fol-
lowed by local erythema, that resolved after a short anti-
biotic course administered by the general practitioner
(amoxicillin-clavulanic acid 1 g twice a day for ten
days). At admission to our hospital, C-reactive protein
(CRP) was 7.67 mg/dL, Erythrocyte Sedimentation Rate
(ESR) 120 mm/hr, white blood cells count 8.3 x 10°/uL.
and haemoglobin level 9.7 g/dL. Plain x-ray showed
no sign of prosthetic loosening (Fig. 1B). Cultures from
the fistula were negative. In June 2010 surgical debride-
ment with change of the mobile parts of the prosthesis
(polyethylene tibial tray) and intra-operative cultural
examination was performed both at the joint and at
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Fig. 1. Panel A: Clinical presentation in May 2010 of the acute,
late, haematogenous infection of the left cemented knee joint pro-
sthesis; Panel B: Antero-posterior and lateral X-ray views at the
time of infection occurrence; Panel C: Intra-operative evidence of
peri-prosthetic infection and osteolysis at the joint level; Panel D:
Mid-shaft tibial bone fistula in communication with the skin.

the tip of the tibial prosthetic stem, where there was the
draining fistula (Fig. 1C and 1D). All six intra-oper-
ative samples yielded P. multocida, identified by bio-
chemical methods (API NH, Biomerieux Nany I'Etoile,
France) and subsequently confirmed by Pyrosequenc-
ing (PSQ96RA, Diatech, Jesi, Italy) of three regions of
the 16S ribosomal gene, as previously reported by
Jonasson etal. (2002). The obtained sequences were
compared with bacterial 16S rDNA sequences avail-
able at NCBI using the BLAST advanced options tools
including taxonomy and lineage reports (available
at  http://blast.ncbi.nlm.nih.gov/Blast.cgi). Isolated
P multocida proved susceptible to B-lactams, fluoro-
quinolones and tetracycline. Histological examination
of the joint capsule and peri-prosthetic tissues revealed
a chronic synovitis with more than 10 leukocytes per
field, compatible with infection. Preoperatively and
during the postoperative course the levels of procalci-
tonin (PCT) and interleukin 6 (IL-6) were determined
by a quantitative electrochemiluminescence assay run
on an automated immune analyzer (Elecsys BRAHMS
PCT, Hennigsdorf/Berlin, Germany) and by an ELISA
sandwich assay (Quantikine®, R&D Systems, Minne-
apolis, MN, USA), respectively. PCT level at admis-
sion and in the early postoperative hours was between
0.46 ng/mL and 0.52 ng/mL, and fell below the upper
reference limit (0.5ng/mL) in the following days to
reach a concentrations of 0.31 ng/mL 5 days after sur-
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gery. Pre- and post-operative IL-6 concentrations were
12.37 and 14.42 pg/ml respectively and 6.89 pg/ml at
5 days after surgery. Screening of biofilm production
was investigated by an in vitro spectrophotometric
method as previously described by Christensen et al.,
1985. The amount of biofilm was quantified by read-
ing optical density (O.D.) at a wavelenght of 595 nm.
The assay was performed in duplicate and repeated
for three times. Amount of biofilm produced by the
isolate was compared with that produced by another
strain of P. multocida from our collection and the
ATCC strain 6529, which had been previously char-
acterized for their production of biofilm and used as
positive controls.

Spectrophotometric analysis evidenced no produc-
tion of biofilm by the human isolate differently by the
positive controls (O.D. 0.256 vs 1.610 and 1.242 respec-
tively). In order to confirm the spectrophotometric
assay, we have tested through confocal laser scanning
microscopy (CLSM), the ability of our strain to produce
biofilm on prosthetic material. Briefly, sandblasted tita-
nium disks with 20 mm diameter and 6 mm thick were
used as a substrate for the biofilm formation while,
FilmTracer™ LIVE/DEAD® Biofilm Viability Kit (Inv-
itrogen, Ltd. Paisley, UK) is the staining used for bifilm.
We used a confocal laser scanning microscope Leica
TCS SP5 CLSM, opting for a three-dimensional z-stack
acquisition (in a solid field described by the axes xyz)
of five different portions for each disk. Sections were
acquired in succession along the z-axis for a total of
150 um thickness. Acquired images during the experi-
mental session were processed through a segmenta-
tion algorithm (Volocity; Perkin Elmer, Waltham, MA)
capable of separating the signal from the background
and the sample, in order to obtain a proportionality
between the number of bacteria and the fluorescent
signal. This analysis confirms the previous screening
test because, even in this case, it demonstrates how the
clinical strain isolated not produce biofilm (Fig.2B)
compared to positive controls (Fig. 2A). The patient was
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Fig. 2. 3D reconstruction of P. multocida biofilms by CLSM.
Biofilms were stained with FilmTracer™ LIVE/DEAD® Biofilm
viability kit: SYTO9 (green) represents the viable cells: Propidium
iodide (red) represents the dead cells. Panel A: P. multocida ATCC
strain 6529 (Positive control); Panel B: Clinical strain isolate from

patient.
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treated with a combination of amoxicillin-clavulanic
acid 1g three times a day for 34 days and ciprofloxa-
cin 750 mg per day for 42 days, according to bacterial
antibiotic susceptibility pattern. One week after surgery
the patient was transferred to the rehabilitation unit of
our institute. She remained there for 15 days. When she
left the hospital, her leukocyte count was 4.5x 10°/uL,
haemoglobin level was 8.9 g/dL, CRP 4.3 mg/dL, pro-
calcitonin <0.5 ng/mL and IL-6 was 4.35 pg/ml. Eigh-
teen months after surgery, there are no clinical signs
of infection recurrence, CRP and ESR had returned to
baseline levels.

Only few cases of PJIs, caused by P. multocida, have
been described over the last two decades (Antuna et al.,
1997). Known risk factors for P. multocida infections
include age, diabetes, rheumatoid arthritis, obesity,
immunosuppression, previous surgical interventions
and renal insufficiency (Heym et al., 2006). A part from
rheumatoid arthritis and age, no other risk factors
known to be associated to P. multocida infection were
recognized, and clinical history did not evidence other
predisposing conditions.

As in our case, in all the previously reported ones,
the infection occurred late after joint prosthesis implant
and a distal source was identified. However, differently
from what observed in other cases, symptoms arose
rather far from the cat bite (5 months vs a maximum
of 2 months) and did not include fever. The lack of fever
as well as the moderate increase in CRP and leukocyte
count in respect to the other reported cases (7.67 mg/dL
vs 27.7mg/dL and 8.3 x 10°/uL vs 14.6 x 10*/uL) could
suggest a clinical picture of masked effect of the immu-
nocompromised state of the host as affirmed by Metha
and Mackie (2004) but, in this case, we did not find
parameters confirming an altered immune status of
the patient. For this reason, we hypothesized that the
moderate elevation of inflammatory parameters could
be due to the longer time elapsed from the cat bite in
respect to what has been reported by other authors
(Heym et al., 2006; Metha and Mackie, 2004). Mara-
dona etal. (1997) advise that antibiotic prophylaxis
would be prudent in patients who have suffered a pet
bite or scratch and have a prosthetic joint. One- or
two-stage revision surgery is recommended in cases
of septic implant loosening. In acute, late haematog-
enous infection, surgical debridement with prosthesis
retention may be attempted as a salvage procedure, with
a success rate <80% (Heym et al., 2006). In particular,
according to Heym, surgical debridement and antibi-
otic therapy, without removal of an infected TKA, are
indicated when the infection is acute, the responsible
microorganism has been isolated, the organism is sus-
ceptible to oral antibiotics, antibiotics could be toler-
ated without serious toxicity, and the prosthesis was
not loose (Heym et al., 2006). Old age and the presence
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of a well fixed, long-stemmed, cemented revision joint
prosthesis, whose removal is particularly challenging
and associated with severe bone loss, were the other
factors that prompted us to try a salvage procedure of
the implant in this particular case.

The role of biofilm in PJIs is well known and its
presence has been related to chronic infections and to
difficulties in their eradication. Ability of P. multocida
to produce biofilm has been rarely evaluated. Available
studies indicate in vitro production of biofilm by strains
of animal origin (Olson et al., 2002). Nonetheless, it
may be hypothesized that the ability to produce bio-
film might be different in vitro and in vivo, where host
factors may favor its formation. However, comparison
with the positive control strains clearly indicated the
absence of biofilm production by the tested isolate.

The role of PCT in diagnosis of PJIs is matter of
debate, since no clear evidences of its usefulness have
been provided. In a recent study, PCT was found to be
of no value in differentiating septic loosening (Drago
etal., 2011) and this patient confirmed these results. In
contrast, IL-6 levels remained higher than the normal
range in the preoperative and postoperative phases,
confirming its reliability as useful marker of prosthetic
infection.

In the light of our result, the observed differences
compared to other cases, highlight the importance
of measuring alternative inflammatory parameters in
diagnosing prosthetic infection.

Although obtained in an isolated case and at a rela-
tively short follow-up, considering biofilm production
as a potent virulence factor for bacteria that colonize
implanted biomaterials, one may speculate if implant-
related infections, caused by no-biofilm produc-
ing bacteria, may be treated with systemic antibiotic
and prosthesis retention with a better prognosis than
implant-related infection associated with biofilm pro-
ducing bacteria.
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