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Abstract: Prosthetic joint infections are notoriously difficult to manage and often result in
prolonged antibiotic therapy, which has been identified as contributing to bacterial resistance.
Heteroresistant vancomycin-intermediate Staphylococcus aureus is a substrain of methicillin-
resistant Staphylococcus aureus associated with a higher affinity for bone and joint infections.
Here, we present three cases of heteroresistant vancomycin-intermediate S. aureus prosthetic
joint infection at our institution, review the literature, and provide recommendations for the
management of such infections in the future.
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Introduction

Prosthetic joint infections (PJIs) are notoriously complex to manage, due to the presence
of prosthetic material, biofilms, and the deep nature of the infection, and they often
result in prolonged durations of antibiotic therapy. Approximately a quarter of all PJIs
are attributed to Staphylococcus aureus, with methicillin-resistant Staphylococcus aureus
(MRSA) implicated in almost half of these.!? Predictably, this has led to an increased
reliance on glycopeptides. This reliance, combined with the aforementioned inherent dif-
ficulties in management, may be responsible for the emergence of strains of S. aureus that
demonstrate variable and reduced susceptibility to glycopeptides.’ One such subgroup of
S. aureus is heteroresistant vancomycin-intermediate Staphylococcus aureus (hVISA),
which is defined by the presence of subpopulations of MRSA (typically at a rate of one
organism per 10°—10° organisms) with intermediate vancomycin resistance (minimum
inhibitory concentration, 8—16 mg/mL).>* In comparison with vancomycin-susceptible
Staphylococcus aureus (VSSA), hVISA is associated with a higher proportion of bone,
joint, and prosthesis infections, as well as more frequent treatment failure.*

Here, three cases of hVISA PJI at our institution are described, all resulting in
unsatisfactory outcomes as this tenacious pathogen was unable to be eradicated.
Interestingly, all three isolates were found to have reduced susceptibility to daptomycin,
possibly rendering it redundant as an alternative treatment modality for hVISA. Then
the literature is reviewed and recommendations for the management of such infections
in the future are provided.

Case series

Case |
An 87-year-old man underwent an elective left total-knee arthroplasty for osteoarthritis.
His comorbidities included paroxysmal atrial fibrillation, hypertension, aortic sclerosis,
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asthma, gout, and a 20-pack per year smoking history. He
received standard antibiotic prophylaxis with 24 hours
of intravenous cefazolin. Routine nasal and groin swabs,
collected perioperatively, showed no evidence of MRSA
colonization.

He was discharged uneventfully and progressed well, until
a fall 5 months later resulted in a left patella fracture. This was
stabilized with open reduction and internal fixation. Standard
antibiotic prophylaxis was again employed. Routine nasal,
groin, and surgical wound swabs were taken on postoperative
day 5 for infection control surveillance. The surveillance
swabs grew MRSA that was sensitive to vancomycin on
routine susceptibility testing (using the Vitek®2 [AST-P612;
bioM¢érieux Australia Pty Ltd, Baulkham Hills, Australia]
system). He went on to recover uneventfully and was
discharged 7 days after the operation.

Unfortunately, over the following days, his wound began
discharging, prompting readmission to hospital on day 10.
Suspecting deep infection, the patient was returned to the the-
ater, where pus was found extending into the joint. An exten-
sive debridement and a polyethylene liner exchange were
performed. Intraoperative tissue samples revealed MRSA
and, in the context of a deep-seated infection, screening
for hVISA was performed using high inoculum Etest® (AB
Biodisk, Solna, Sweden), which was found to be positive.
A population analysis profile confirmed hVISA (Table 1).
This was unexpected, as the patient had only received short
courses of perioperative prophylaxis with cefazolin prior to
this.

Postoperatively, vancomycin was commenced for
6 weeks, accompanied by pristinamycin, which was
continued for the next 13 weeks. Despite ongoing therapy
with vancomycin and pristinamycin, wound discharge
persisted and subsequent dehiscence led to a decision to
revise the joint. The first stage of this was done with compo-
nent removal and the insertion of a cement spacer containing
vancomycin and tobramycin. Intraoperative swabs grew
Klebsiella pneumoniae and Citrobacter koseri (both sensi-
tive to cefazolin and ciprofloxacin), but no Staphylococcal

species. This led to the impression that the treatment failure
was due to a concomitant Gram-negative infection. The
patient received a 7-week course of ciprofloxacin, with pristi-
namycin continued, for the previously documented infection
with hVISA. An aspiration of the joint performed 3 weeks
later for joint swelling, while the patient was on ciprofloxacin
and pristinamycin, revealed no microbial growth.

An assessment made 3 months after spacer insertion
revealed a poorly healing wound with copious amounts of
discharge. He was taken back to the theater for joint wash-
out, tissue sampling, and spacer removal. A large infected
hematoma and a significant amount of necrotic tissue were
visualized during the procedure. Intraoperative tissue samples
again grew hVISA. With the repeated failure of surgical and
antibiotic therapies, a salvage procedure was considered as a
last resort. Three days after his joint washout, a left above-
knee amputation was performed. A 3-week course of oral
linezolid was completed after his amputation. Although the
outcome was the loss of a limb, fortunately there were no
further issues with infection at his last review, 5 months
postamputation.

Case 2

A 73-year-old woman underwent an elective one-stage revi-
sion for a chronically painful hip replacement. Operative
samples were sterile while off antibiotics, confirming a non-
infective process. Unfortunately, MRS A wound colonization
was noted on routine postoperative surveillance. This was the
first time MRSA was detected in this patient. Persisting pain
and new discharge from the surgical site led to a further two-
stage revision 3 months later. MRSA PJI was confirmed in
positive cultures from the explanted prosthesis. Vancomycin
was administered for 6 weeks between the two stages of the
procedure, with normalization of C-reactive protein.
Unfortunately, 3 months later, a clinical relapse of the
infection was noted. The patient returned to the theater for
washout and debridement, with intraoperative cultures again
revealing MRSA infection. A repeat two-stage revision was
performed and the patient received 6 weeks of vancomycin

Table I Vancomycin and daptomycin susceptibility patterns for isolates from three cases

Isolates Minimum inhibitory concentration (mg/L) PAP (AUC ratio)
Vancomycin Teicoplanin Daptomycin
Vitek®2 Macro Etest® Macro Etest® Vitek®2

Case | =l 8 4 hVISA (1.16)

Case 2 2 8 Not done 4 hVISA (1.00)

Case 3 2 4 2 hVISA (0.95)

Abbreviations: AUC, area under the curve; PAP, population analysis profile; hVISA, heteroresistant vancomycin-intermediate Staphylococcus aureus.
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between the two stages. Additionally, she received 3 months
of oral fusidic acid and minocycline (based on sensitivities)
after completion of the intravenous vancomycin.

Clinical and biochemical resolution of infection was ini-
tially demonstrated, but, 9 months later, there was a relapse of
pain in the prosthetic hip with raised inflammatory markers.
After consultation with the patient, a decision was made to
explant the prosthesis and perform Girdlestone’s procedure in
the hope of eradicating the infection. This was accompanied
by 4 weeks of vancomycin, followed by 2 weeks of linezolid
with clinical improvement. Over the next 2 years, the patient
had four relapses, based on the recurrence of symptoms and
the growth of MRSA from surgical washouts of the hip
pseudoarthrosis. During this time, she received vancomycin
for a cumulative duration of 24 weeks, with a temporary
clinical and biochemical resolution during each episode.

The last relapse prompted extensive debridement of the
acetabulum, with operative samples sent for macro Etest, with
a population analysis profile confirming hVISA (Table 1).
Thus, pristinamycin was commenced and was continued as
a suppressive therapy for 12 months. Over the subsequent
4 years, the patient remained well while off suppressive
antibiotics. However, after sustaining a fall, she again devel-
oped pain in the region of the previously infected hip and
elevated inflammatory markers. A periacetabular collection
on magnetic resonance imaging led to concerns of recurrent
infection. Vancomycin was commenced empirically and
a subsequent surgical washout was performed. Operative
cultures were negative, but pain and inflammatory markers
started to resolve on vancomycin. Based on this, it was
proposed as a relapse of MRSA infection. Due to the history
of hVISA, pristinamycin was recommenced and continued
indefinitely in tablet form. This was felt to be the most prudent
approach, given the patient’s 10-year history with a relaps-
ing joint infection, even after total joint explantation. The
patient is currently on suppressive antibiotic therapy, with
no symptoms and controlled inflammatory markers.

Case 3

An 82-year-old man underwent an elective left total-knee
arthroplasty. He had a complex cardiac history requiring
warfarinization. On preadmission screening, he was noted
to be MRSA positive. He had probably acquired MRSA dur-
ing treatment for heart failure at another tertiary center. No
vancomycin use was noted during that admission. The elective
arthroplasty was uncomplicated and he received Vancomycin
as antimicrobial prophylaxis preoperatively. He was discharged
on day 11, after an unremarkable postoperative course.

The patient re-presented the next day, complaining of
excessive bleeding from his wound. Examination revealed
superficial dehiscence, but, over the next week, there was con-
tinued deeper dehiscence. Negative-pressure wound therapy
was applied based on plastic-surgical opinion. On day 18,
a superficial wound swab revealed polymicrobial growth
of methicillin-sensitive Staphylococcus aureus (MSSA),
MRSA, and Klebsiella pneumonia. Although he remained
apyrexial and inflammatory markers were not raised, a
dual antibiotic therapy of vancomycin and ceftriaxone was
commenced.

Despite these measures, the wound continued to dete-
riorate and he returned to the theater for irrigation and
debridement on day 22. Operative findings revealed a large
congealed hematoma, which was evacuated. Microbiological
samples again revealed polymicrobial growth (MSSA,
Pseudomonas aeruginosa, K. pneumoniae, and Bacteroides
fragilis). However, as there was no evidence of MRSA on
any operative sample, ticarcillin-clavulanate was commenced
on day 26.

Following three further washouts, the wound was judged
sterile, and gastrocnemius flaps and a split skin graft covered
the tissue defect with plastic surgery. However, the wound
began to dehisce superiorly at the margin of the flap and split
skin graft, with prosthesis on show. After extensive discus-
sion with the patient, it was decided to proceed with knee
fusion on day 60. Operative cultures revealed a pure growth
of MRSA, sensitive to vancomycin, on routine susceptibility
testing (Vitek 2).

The patient was recommenced on vancomycin. However,
due to the persistent nature of his infection, macro Etest and
population analysis profiling was performed, which con-
firmed hVISA (Table 1). In anticipation of daptomycin use,
sensitivities were performed and found to be daptomycin
resistant (Vitek 2) (Table 1). The patient was then com-
menced on linezolid for 4 weeks and subsequently placed
on a long-term dual therapy of oral pristinamycin and cip-
rofloxacin, with clinical resolution.

Discussion

Clinical features

These three cases present significant commonalities and
differences (refer Table 2). The cases differ in their presence
of predictors for hVISA (colonization with MRSA, prior
vancomycin use, vancomycin treatment failure, and the
presence of high-inoculum infections).> Only Case 3 was
colonized with MRSA prior to arthroplasty. Cases 1 and 2
acquired MRSA postoperatively, despite appropriately short
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Table 2 Clinical and surgical features

Clinical features Case | Case 2 Case 3

MRSA colonized® No Yes Yes

Cumulative duration of vancomycin (weeks)® 0 24 |

Number of failed two-stage revisions | 3 0

Type of surgery® Above-knee amputation Girdlestone’s procedure Knee fusion
Outcome Possible cure Relapse necessitating indefinite Indefinite antibiotic

(no relapse after 6 years)

Alternative antibiotic Linezolid

antibiotic suppression suppression

Pristinamycin Pristinamycin

Note: *Prior to initial arthroplasty; ®prior to detection of heteroresistant vancomycin-intermediate Staphylococcus aureus; “most recent surgery.

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.

courses of perioperative antibiotic prophylaxis. Only Case
1 was associated with vancomycin-treatment failure and
prolonged use of vancomycin. Case 3 had a short course of
vancomycin (7 days) when hVISA was detected, while Case
2 had no prior vancomycin exposure at all. This suggests
that the mode of acquisition for hVISA can vary, implicat-
ing both glycopeptide selection pressure and nosocomial
transmission.

There are plenty of common features. From an orthopedic
point of view, there were appropriately early and aggressive
“de-bulking” procedures, reflecting a high standard of care.
There were four two-stage revisions among the three patients
and in all instances they were performed early (<1 month
from onset/relapse of symptoms). Girdlestone’s procedure
and amputation were performed as a last resort for cure of
infection and, despite the former, there was microbiologically
proven relapse. The only instance of knee fusion was partly
due to patient preference and this warranted long-term sup-
pressive antibiotic therapy. Given the proficient orthopedic
interventions, the failure of treatment is largely suggestive
of microbial factors. This leads us to discuss the microbiol-
ogy of hVISA.

Microbiology

Low-level vancomycin resistance can arise in any strain
of S. aureus, but almost all cases of hVISA reported to
date have occurred in isolates of MRSA and were found
predominantly in nosocomial settings.* The main charac-
teristics of clinically derived hVISA strains are a thick-
ened cell wall, with reduced peptidoglycan cross-linking,
and a reduced growth rate. It is thought that reduced
cross-linking in the cell wall leads to greater numbers of
“free” peptidoglycan side-chains, which serve as “decoy”
binding sites for vancomycin.’ Thus, the vancomycin is
unable to reach its site of activity at the cell membrane
when it is incarcerated in the outer layer of the thickened
cell wall.

The literature reveals that hVISA strains may demonstrate
either stable or unstable heterogeneous resistance.® This is
supported by our observation that Cases 1 and 2 either had
little or no prior exposure to vancomycin, possibly reflect-
ing a stable phenotype. However, it is speculated that Case
3 demonstrates an acute progression of MRSA infection,
which initially responded to vancomycin, correlating with
an unstable phenotype.

A feature of PJIs is the presence of a high bacterial load.
In vitro studies have shown that the presence of hVISA and
a high bacterial load affect vancomycin activity and this
may increase the risk of treatment failure.” This was found
to be the case even with vancomycin levels thought to be
therapeutic in clinical settings.®’

By definition, all three cases had heterogeneous popula-
tions of S. aureus, but Case 3 also had MSSA isolated from
deep specimens. MSSA was cultured while the patient was
on vancomycin, whereas the known colonizer, MRSA, was
not found at that time. This finding may be attributed to
the fact that vancomycin has been shown to be inferior to
[-lactams when it comes to treating MSSA infections. These
observations emphasize that antibiotic choice is crucial in
influencing bacterial phenotype.

Antibiotic choice

Choice of antibiotic is a challenging issue, as demonstrated
in other published studies where alternative antibiotics were
of limited utility due to serious adverse effects, development
of resistance, and futility.'*'> In our series, vancomycin
use was optimized in all cases, as evidenced by the trough
levels. This failed to bring about a clinical response, perhaps
due to the nature of the PJIs and microbiological factors
already mentioned. Linezolid was trialed and discontinued
in Cases 2 and 3 for intractable nausea and significant
myelosuppression, respectively. Case 1 tolerated a short
course of linezolid and most probably achieved a cure after
source control via amputation. Pristinamycin was well
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tolerated in Cases 2 and 3, and it has proven effective in
suppressing infection.

Daptomycin was not an option for Cases 1 and 2, as they
were diagnosed in 2005, prior to the availability of dapto-
mycin in Australia. Case 3 was more recent, but the isolate
demonstrated in vitro nonsusceptibility (Table 1), which pre-
cluded the use of daptomycin. The detection of daptomycin
nonsusceptibility led us to examine the correlation between
reduced daptomycin susceptibility and vancomycin resistance
in S. aureus. Thus, for this case series, isolates from Cases
1 and 2 were also tested and found to be nonsusceptible to
daptomycin.

Daptomycin nonsusceptibility in hVISA

A positive correlation between reduced daptomycin suscepti-
bility and vancomycin resistance in hVISA has been proposed,
with suggestions of a similar mechanism (a thickened cell
wall), although this has not been confirmed.!* The SENTRY
surveillance program reported that only 1 of 55 (2%) hVISA
strains had a daptomycin minimum inhibitory concentration
2 mg/mL or above.! Thus, our observation that all three
isolates exhibited daptomycin-glycopeptide cross-resistance
was unexpected. A more recent study showed the highest rate,
where 15 of 27 (15%) hVISA strains demonstrated reduced
susceptibility to daptomycin.'s The clinical significance of
this microbiological observation is not known, as the bacte-
ricidal activity of daptomycin was maintained against hVISA
strains in vitro.'*!” However, in clinical scenarios, caution is
warranted, as failures of daptomycin therapy in hVISA infec-
tions have been documented.!!!>!32! Interestingly, a recent
paper reported seven cases of hVISA bacteremia (with dap-
tomycin nonsusceptibility), where eradication was achieved
with a combination of antistaphylococcal B-Lactams (ASBL)
and daptomycin.? The enhanced binding and activity of the
daptomycin was attributed to the ASBL-mediated reduction
in the surface charge of the cell wall.

Conclusion
This series highlights the complexities associated with the
diagnosis and management of hVISA Plls. Despite appropriate
and timely surgical and medical intervention, unsatisfactory
outcomes were achieved in all three cases, which was probably
due to microbiological factors. hVISA demonstrates a high
affinity for bone and prosthetic material, as well as the ability
to resist antibiotic classes via its thickened cell wall, rendering
eradication extremely difficult.

A review of the literature identifies various principles
that should be considered for the successful management

of future infections. A high index of suspicion for hVISA
must be present in any MRSA bone, joint, or prosthetic
infection, especially upon relapse or treatment failure.
Routine screening for hVISA from all MRSA isolates is
prudent. Early surgical source control and appropriate
antibiotic therapy is crucial. Various antibiotic strate-
gies have been suggested, such as using a non—cell wall
acting agent (eg, linezolid) for high bacterial-load infec-
tions other than endocarditis.® Combination therapy for
synergy or potentiation (ASBL-daptomycin) may prove
useful. Further research is critical for establishing the best
antibiotic strategy for what is expected to be a growing
problem.

In terms of prevention, strategies for vancomycin
pharmacokinetic and pharmacodynamic optimization are
important. Loading doses of vancomycin must be given
serious consideration, along with meticulous monitoring of
serum vancomycin concentration. This will not only improve
vancomycin efficacy, but also minimize the risk of developing
vancomycin heteroresistance.
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