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Salphage: salvage bacteriophage therapy for a recalcitrant 
Klebsiella pneumoniae prosthetic shoulder infection — a 
case report
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A healthy 70-year-old male initially presented with an irrepa-
rable full-thickness rotator cuff tear treated with a left reverse 
shoulder arthroplasty (RSA). 3 weeks later a traumatic fall 
caused a glenoid fracture. This was treated with surgical 
revision of his RSA and glenoid open reduction and internal 
fixation. No overt infection was observed, but cultures grew 
extended-spectrum beta-lactamase (ESBL) Klebsiella pneu-
moniae (Table 1) and subsequently the patient was treated 
with 6 weeks of intravenous ertapenem. However, the wound 
continued to have purulent drainage necessitating further sur-
gical debridement. He then developed recurrent shoulder dis-
locations requiring revision surgery in which cultures again 
grew ESBL K. pneumoniae that was treated with 10 weeks of 
intravenous ertapenem therapy.

After 6 weeks off ertapenem he developed clinical recur-
rence with a sinus tract and erythema. He then underwent 
further surgical debridement, which again grew ESBL K. 
pneumoniae. His isolate continued to not be susceptible to any 
oral antibiotics (Table 1), thereby negating use of chronic oral 
suppression therapy. He was therefore treated with 12 weeks 
of intravenous ertapenem therapy, but 8 weeks after stopping 
ertapenem recurrence of his infection occurred with re-emer-
gence of sinus tract and erythema. After prolonged discussions 
regarding alternative therapies, he elected to undergo experi-
mental bacteriophage therapy with combined debridement, 
antibiotics, irrigation and implant retention surgery (DAIR). 

2 obligate lytic bacteriophages KP1 and KP2 were isolated 
from New Haven wastewater influent on K. pneumoniae 
ATCC #43816. The ability of these bacteriophages to lyse this 
patient’s clinical isolate were confirmed by the double agar 
overlay method where the efficiency of plaquing was 1. In 
addition, the ability of both bacteriophages to degrade bio-
film was examined by growing the patient’s clinical isolate 
for 72 hours on titanium discs and then exposing the discs to 
bacteriophage preparations for 24 hours. The discs were then 
sonicated and bacteria quantified to ensure biofilm activity 
compared to controls without bacteriophages. Upon confirma-
tion of activity to planktonic and sessile states, both bacterio-
phages were amplified and purified for in vivo administration 
at a dose of 1 x 1010 plaque-forming units (PFU) per mL. The 
final bacteriophage doses created were then tested for endo-
toxin levels and to ensure sterility of the product (Table 2). 

Expanded access was granted by the FDA (IND-27333) and 
approval by the University of Maryland Institutional Review 
Board (HP-00094884EA) was obtained. He then underwent 
DAIR and placement of a single Hickman catheter for repeat 
intra-articular (IA) bacteriophage therapy (Figure). Operative 

Table 1. Antibiotic sensitivity of the patient’s K. pneumoniae 
isolate, which did not change over all the cultures obtained

Antibiotic MIC ug/mL Interpretation 

Amikacin	 ≤	8	 Susceptible
Ampicillin	 >	16	 Resistant
Ampicillin-sulbactam	 >	16/8	 Resistant
Aztreonam	 >	16	 Resistant
Cefazolin	 >	16	 Resistant
Cefepime	 >	16	 Resistant
Ceftazidime	 >	16	 Resistant
Ceftriaxone	 >	32	 Resistant
Ciprofloxacin	 >	2	 Resistant
Ertapenem	 ≤	0.25	 Susceptible
Gentamicin	 >	8	 Resistant
Meropenem	 ≤	0.5	 Susceptible
Tetracycline	 >	8	 Resistant
Tobramycin	 			8	 Intermediate
Trimethoprim-
	 sulfamethoxazole	 >	2/38	 Resistant
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cultures grew ESBL K. pneumoniae with the same sensitivi-
ties (Table 1) and Cutibacterium acnes. Postoperatively, he 
was started on daily intravenous ertapenem and then, 1 day 
later, he was started on daily IA bacteriophage therapy. The IA 
doses comprised 1×1010 PFU/mL diluted in 10 mL of normal 
saline and infused through the Hickman catheter. The patient 
received daily IA doses with Klebsiella Phage 1 (KP1) for 2 
days and then daily IA doses of Klebsiella Phage 2 (KP2) for 2 
days. After IA administration the patient received daily intra-
venous bacteriophage therapy with KP1 and then KP2 on sub-
sequent days for a total of 2 days of intravenous bacteriophage 
therapy. This was administered by diluting 1×1010 PFU/mL in 
50 mL of normal saline and infusing this over 30 minutes. The 
patient tolerated the therapy without any adverse reactions and 
the Hickman catheter was then removed. 

He completed 6 weeks of daily intravenous ertapenem and 
was then started on chronic amoxicillin-clavulanate sup-
pression therapy to suppress C. acnes. Amoxicillin was not 
used given historical poor intolerance. 6 months later, he 
had subtle transient swelling of the shoulder after more than 
usual movements of that shoulder over the prior 2 days. No 
drainage or frank erythema was seen. This was evaluated 
with serum C-reactive protein and erythrocyte sedimentation 
rate, which were within normal limits, and an arthrocentesis 
in which only 1.5 mL of serosanguinous fluid was aspirated. 
The swelling resolved without any interventions and despite 
the lack of symptoms his culture grew K. pneumoniae with 
the same susceptibilities as seen previously (Table 1). For the 
next 8 months he continued to have no clinical prosthetic joint 
infection (PJI) symptoms and C-reactive protein and erythro-
cyte sedimentation rate have remained within normal limits. 
Therefore, given the lack of symptoms, ethically we did not 
conduct another arthrocentesis. Nonetheless 14 months since 
receiving bacteriophage therapy, the patient is content to be 
without recurrence of his PJI, with reduced pain and with ade-
quate range of motion of his shoulder to conduct activities he 
wants to participate in. 

Discussion

RSA is an effective option over conventional arthroplas-
ties, especially in patients with rotator cuff pathologies (1,2). 
However, the incidence of PJI after RSA ranges from 0.5% to 

6.7% (3). While the gold standard treatment for chronic hip 
and knee PJI is 2-stage revision surgery, pooled reinfection 
rates of chronic shoulder PJI are higher in 2-stage revisions 
than in 1-stage revisions (4,5). When chronic PJIs recur after 
revision surgeries, these infections are considered recalcitrant, 
and management is difficult and not standardized. Deep-
seated infections in which bacteria are in persistent pheno-
typic states make these infections difficult to eradicate with 
conventional antibiotics (6). Our patient had failed surgical 
interventions, prolonged antibiotics courses and, obstinately, 
his K. pneumoniae isolate was resistant to all oral antibiot-
ics (Table 1) thus preventing the use of chronic suppression 
therapy. Moreover, the presence of a sinus tract indicated this 
patient had a chronic deep-seated infection in his joint that 
conventional managements could not eradicate. Therefore, we 
used personalized adjuvant IA and intravenous bacteriophage 
therapy combined with DAIR to improve his quality of life 
and prevent recurrence of his PJI. To our knowledge this is the 
first shoulder PJI treated with bacteriophage therapy. 

Bacteriophage therapy is a promising adjuvant agent in the 
treatment of PJI given this therapeutic has anti-biofilm activity 
and the ability to self-replicate (7). This is reinforced in sev-
eral in vitro experiments and other case reports documenting 
potential effectiveness in PJI (8,9). The advantages of com-
bining bacteriophage therapy with DAIR include (i) removal 
of planktonic infection, (ii) ensuring the prosthetic is salvage-
able, (iii) removal of the synovial fluid that harbors plasma 
protein–bacterial aggregates, (iv) manual debridement of the 
prosthesis that harbors biofilm, and (v) direct instilment of 
bacteriophage therapy to surgically debrided biofilm, thereby 
circumventing the unknown pharmacokinetics of intrave-
nous bacteriophage therapy (10). In this case we also elected 

Table 2. Bacteriophage characteristics of the 2 
bacteriophages used in this case 

 
	 Titer	 Endotoxin	 Sterility
Phage	ID		 (PFU/mL)	 (EU/dose)	 testing
   
KP1	 1×1010	 <	1	 No	growth
KP2	 1×1010	 <	1	 No	growth

PFU	=	plaque-forming	units;	EU	=	endotoxin	units.

Left	shoulder	reverse	arthroplasty	after	combined	debridement,	anti-
biotics,	 irrigation	 and	 implant	 retention	 surgery,	 and	 bacteriophage	
therapy	but	prior	to	removal	of	the	Hickman	catheter	(red	arrow).



Acta Orthopaedica	2022;	93:	756–759		 758

to use a single Hickman catheter to give additional IA doses 
of bacteriophage therapy. This is similar to protocols that use 
IA antibiotic therapy for recalcitrant PJI (11). However, with 
bacteriophage therapy much shorter durations of IA therapy 
are theoretically needed, given that bacteriophages self-repli-
cate when engaged in an infection (7). Moreover, shorter IA 
courses also mitigate the undesirable ramifications of micro-
bial retrograde translocation into the joint that make Hickman 
catheter use controversial in PJI (11). Therefore, we used the 
catheter for 4 days and it was then removed to reduce the risks 
of bacterial retrograde translocation. 

 Our protocol discussed here is also unique given we 
sequentially changed bacteriophage therapy from one bac-
teriophage to another after several IA doses. This was done 
given the rapid development of bacteriophage resistance that 
can occur when a single bacteriophage is used (12). While a 
bacteriophage cocktail can mitigate this to some extent, there 
can be bacteriophage competition and inhibition when phages 
are used in a cocktail (12). Therefore, we elected to use dif-
ferent bacteriophages sequentially to achieve similar benefits 
of a cocktail but not risk potential inhibition when bacterio-
phages are used simultaneously. This technique is not readily 
utilized because the narrow spectrum of activity makes find-
ing multiple bacteriophages with activity to a clinical isolate 
an arduous undertaking. While we utilized this technique with 
good clinical success, further translational studies are needed 
to determine whether cocktail therapies or sequential thera-
pies are more advantageous. 

Moreover, our protocol was focused on repeated IA dosing 
through Hickman catheters to deliver large doses directly 
to the infected prosthetic. Theoretically this allowed for 
high concentrations of bacteriophages to be infused into the 
infected joint, but bacteriophages are not motile and con-
sequently using only IA doses limits this therapeutic to the 
immediate joint space and surrounding tissues (7,10). Other 
infection niduses not reached with IA dosing are theoretically 
also present, especially with chronic PJI where biofilms can be 
present at the bone–implant interface (10). Therefore, we also 
gave 2 doses of intravenous bacteriophage therapy to reach 
areas that were not easily assessable with IA dosing that may 
have harbored niduses of deep-seated infection. It also must 
be reinforced that we used bacteriophage therapy as an adju-
vant with conventional antibiotics therapies, given the poten-
tial synergistic effects with certain types of antibiotics, most 
notably beta-lactams, which have been documented (13,14). 
However, more research is needed to better clarify bacterio-
phage and antibiotic interactions to enhance effectiveness of 
this therapeutic. 

With our protocol we were able to achieve our goal of pre-
venting recurrence of the patient’s sinus tract and PJI symp-
toms while also improving his quality of life. Interestingly, 
an arthrocentesis six months after bacteriophage therapy still 
grew K. pneumoniae from the scant fluid even though he had 
no clinical symptoms other than subtle transient swelling. 

Given the lack of symptoms, we continued only to monitor 
the patient clinically and no recurrence has occurred, which is 
unusual for this patient based on his infection history. There-
fore, our hypothesis is that the bacteriophage therapy induced 
his bacteria to become less virulent and/or nonpathogenic. To 
prove this hypothesis assays such as a Caenorhabditis elegans 
virulence assay would need to be conducted on the bacteria 
before and after bacteriophage therapy. An alternative hypoth-
esis is that the administered bacteriophages are still present 
in the joint and have formed a potential steady state of preda-
tor–prey dynamics thereby preventing outward symptoms 
of infection, but never fully eradicating the chronic biofilm 
infection. This is similar to the interactions bacteriophages 
and bacteria have in nature in which full eradication of a bac-
terial colony is evolutionarily undesirable (15). This could be 
evaluated by testing for active bacteriophages in the joint and 
is supported by prolonged bacteriophage activity observed in 
chronic otitis externa patients (16). 

Unfortunately, the arthrocentesis culture was not conducted 
at the University of Maryland Medical Center, thereby not 
allowing assessment of these hypotheses. In addition, we did 
not subject the patient to another arthrocentesis given the lack 
of symptoms, but we plan to conduct the studies mentioned 
if symptoms recur. This does limit our hypotheses, but other 
bacteriophage researchers should be cognizant of these to 
thereby evaluate future patients to improve our understand-
ing of bacteriophage therapy in the treatment of PJI. As well, 
determining success of bacteriophage therapy in PJI is not 
standardized, in part because standard-of-care PJI treatments 
do not ensure clearance of infection with arthrocentesis cul-
tures. Consequently, successful use of bacteriophage therapy 
in PJI will likely need to be measured in preventing clinical 
recurrences at prolonged clinical time points. If adjuvant bac-
teriophage therapy can prevent clinical recurrences at these 
prolonged time points, this would revolutionize the PJI field 
by creating a therapy that reduces the debilitating morbidity 
associated with revision surgeries. However, further research 
is needed to clarify several aspects of this therapeutic before 
definitive clinical trials are conducted. 

In conclusion, this case reinforces that bacteriophage ther-
apy may be a promising adjuvant therapeutic with surgical 
interventions in the treatment of recalcitrant PJIs to reduce 
morbidity and mortality. Additionally, we highlight the poten-
tial effectiveness of using Hickman catheters to repeatedly 
administer large doses of IA bacteriophage therapy directly 
to the site of infection. However, this case also reinforces our 
nascent knowledge of bacteriophage therapeutics and suggests 
the need for more translational research, thereby to effectively 
utilize these therapeutics and have reproducible outcomes. 
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