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QUESTION 8: what tests should be used to monitor response to antibiotic treatment in patients
with spine infection?

RECOMMENDATION: serum C-reactive protein (CRP) levels are closely related to clinical response in spine infections and are therefore the
preferred marker in monitoring the therapeutic course.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 93%, Disagree: 7%, Abstain: 0% (Super Majority, Strong Consensus)

RATIONALE REFERENCES
In two large retrospective studies including 363 patients, criteria [1] Legrand E, FlipoRM, G”g%e“b”hlp'Mass‘).“ C, Maillefert JF, Soubrier M, et
. . . . L . al. Management of nontuberculous infectious discitis. Treatments used in
for discontinuation of treatment included CRP normalization in 110 patients admitted to 12 teaching hospitals in France. Joint Bone Spine.
addition to resolution of clinical symptoms [1,2]. A weekly decrease 2001;68:504-509. .
of CRP by =0% has been suggested as a therapeutic response in the [2] McHenry MC, Easley KA, Locker GA. Vertebral oste(.)mlyehtl‘s: long-term
y .5 ° gg P P outcome for 253 patients from 7 Cleveland-area hospitals. Clin Infect Dis.
retrospective study population [3]. 2002;34:1342-1350. d0i:10.1086/340102.
Lack of normalization of serum CRP levels is a predictor of treat- (3] Legrand E Massin P, Levasseur R, Hoppé E, Chappard D, Audran M. Stra-
fail d dditi | luati d d tégie diagnostique et principes thérapeutiques au cours des spondylod-
ment failure and warrants additional evaluation, as demonstrate iscites infectieuses bactériennes. Revue Du Rhumatisme. 2006;73:373-379.
both by a retrospective cohort including 79 patients and a prospec- doi:10.1016/j.rhum.2006.01.005. . ,
tive study including 21 patients followed for postsurgical wound [4]  Khan MH, Smith PN, Rao N, Donaldson WF. Serum C-reactive protein levels
y § 21 p p 8 correlate with clinical response in patients treated with antibiotics for

infections of the spine [4-5]. wound infections after spinal surgery. Spine |. 2006;6:311-315. d0i:10.1016/].

. . s . spinee.2005.07.006.
Moreover, in a retrospective analySlS of 61 patients treated for [5] Kowalski TJ, Berbari EF, Huddleston PM, Steckelberg JM, Osmon DR. Do

bacterial spondylodiscitis, the only predictor for de-escalating intra- follow-up imaging examinations provide useful ‘prognostic informa-

venous therapy to highly bioavailable oral agents was a CRP decrease EIOD in gg/tlentsg with spine infection? Clin Infect Dis. 2006;43:172-179.
0i:10.1086/505118.

by week2 of therapy [6] [6] Babouee Flury B, Elzi L, Kolbe M, Frei R, Weisser M, Scharen S, et al. Is

switching to an oral antibiotic regimen safe after 2 weeks of intravenous
treatment for primary bacterial vertebral osteomyelitis? BMC Infect Dis.
2014;14:226. d0i:10.1186/1471-2334-14-226.

Author: Dolors Rodriguez-Pardo

QUESTION 9: which is the best alternative antimicrobial therapy for fluoroquinolone-resistant
gram-negative acute post-surgical infection in spinal surgery?

RECOMMENDATION: The choice of antimicrobial therapy should be based on the pathogen and the susceptibility profile.
LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 93%, Disagree: 7%, Abstain: 0% (Super Majority, Strong Consensus)
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RATIONALE

Currently, over 30% of all spinal surgical site infections (SSIs) are
secondary to gram-negative bacteria (GNB). Focusing on acute post-
surgical infection of spinal surgery, there is no published experience
regarding the best therapeutic strategies in case infection by GNB
resistant to quinolones. Thus, the treatment criteria used in these
cases are the same as those used in the case of fluoroquinolone-resis-
tant GNB periprosthetic join infections (PJIs). The importance of
using fluoroquinolones in acute PJIs due to gram-negative bacilli has
been demonstrated, but limited antimicrobial agents are available
in the case of implant-associated infections caused by fluoroquino-
lone-resistant GNB [1-3].

The most commonly used antibiotics in the event of fluoroqui-
nolone resistance are p-lactams and carbapenems with or without
anti-pseudomonal activity [4]. Grossi et al. described the outcome
of 76 GNB-PJIs managed with a curative intent and in their expe-
rience, intravenous pB-lactams throughout treatment duration
(median go days) results in an effective alternative to fluoroquino-
lones [5].

Therapeutic alternatives to f-lactams have been poorly assessed.
Cotrimoxazole, which can be switched to oral therapy, has been
successfully used in some of these cases [1-6]. Other possible alter-
natives are the “recovery” of the use of less conventional antibiotics,
such as colistin and fosfomycin [7-9]. Colistin shows good spread in
bacterial biofilm and a synergistic effect when combined with other
antibiotics, especially f-lactams, and has been demonstrated to be
effective in vitro against P. aeruginosa and enterobacteria [7]. Corvec
et al. compared the activities of fosfomycin, tigecycline, colistin and
gentamicin (alone and in combination), against a CTX-Mis-pro-
ducing strain of Escherichia coli in vitro and in a foreign-body infec-
tion model [10]. Fosfomycin was the only single agent, which was
able to eradicate E. coli biofilms (cure rate, 17% of implanted, infected
cages). In combination, colistin plus tigecycline (50%) and fosfo-
mycin plus gentamicin (42%) cured significantly more infected cages
than colistin plus gentamicin (33%) or fosfomycin plus tigecycline
(25%) (p <0.05). The combination of fosfomycin plus colistin showed
the highest cure rate (67%), which was significantly better than that
of fosfomycin alone (p < 0.05). Therefore, the authors conclude that
the combination of fosfomycin plus colistin is a promising treat-
ment option for implant-associated infections caused by fluoro-
quinolone-resistant GNB, but the effectiveness of this combination
should be assessed in vivo.

Other potential therapeutic alternatives are combinations
that include tigecycline or rifampin for their demonstrated in
vitro synergism with several drugs. Tigecycline has been used for
carbapenemase-producing gram-negative PJIs, although bone
concentrations of the drug are usually lower than the minimum
inhibitory concentrations of these bacteria [11]. Drapeau et al.
recently described a literature review of 19 clinical studies on
the use of rifampin in treatments for multidrug resistant gram-
negative (MDRGN) bacterial infection [12]. Nonetheless, the real
clinical benefit of using rifampin-containing therapies for MDRGN
bacteria in terms of clinical outcome and survival rates remains to
be defined.

The development of new agents (ceftazidime/avibactam,
aztreonam/avibactam, cefiderocol, ceftolozane/tazobactam) with
activity against MDRGN bacteria will provide important therapeutic
options for clinicians, but definitive data showing clinical efficacy is
currently lacking [13].

The efficacy of intrawound tobramycin powder in terms of
eradicating a known bacterial contamination in an Escherichia coli-
infected rabbit spinal implantation model was assessed, with the
researchers concluding that intrawound tobramycin eliminated
Escherichia coli surgical site contamination [14].

REFERENCES

[1]  Rodriguez-Pardo D, Pigrau C, Lora-Tamayo ], Soriano A, del Toro MD, Cobo |,
et al. Gram-negative prosthetic joint infection: outcome of a debridement,
antibiotics angimplant retention approach. A large multicentre study. Clin
Microbiol Infect. 2014;20:0911-0919. d0i:10.1111/1469-0691.12649.

[2] Jaén N, Martinez-Pastor JC, Mufioz-Mahamud E, Garcia-Ramiro S, Bosch |,
Mensa |, et al. Long-term outcome of acute prosthetic joint infections
due to gram-negative bacilli treated with retention of prosthesis. Rev Esp
Quimioter. 2012;25:194-198.

[3] Lee CY, Wu MH, Cheng CC, Huang T], Huang TY, Lee CY, et al. Comparison
of gram-negative and gram-positive hematogenous pyogenic spondylodis-
citis: clinical characteristics and outcomes of treatment. BMC Infect Dis.
2016;16:735. d01:10.1186/512879-016-2071-4.

[4] Widmer AF, Frei R, Rajacic Z, Zimmerli W. Correlation between in vivo and
in vitro efficacy of antimicrobial agents against foreign body infections. |
Infect Dis. 1990;162:96-102.

[5]  Grossi O, Asseray N, Bourigault C, Corvec S, Valette M, Navas D, et al. Gram-
negative prosthetic joint infections managed according to a multidisci-
plinary standardized approach: risk factors for failure and outcome with
and without fluoroquinolones. | Antimicrob Chemother. 2016;71:2593-2597.
doi:10.1093/jac/dkw202.

[6] Martinez-Pastor |C, Mufioz-Mahamud E, Vilchez F, Garcia-Ramiro S, Bori G,
Sierra |, et al. Outcome of acute prosthetic joint infections due to gram-
negative bacilli treated with open debridement and retention of the
prosthesis. Antimicrob Agents Chemother. 2009;53:4772-4777. doi:10.1128]
AAC.00188-09.

[7]  Lora-Tamayo |, Murillo O, Bergen PJ, Nation RL, Poudyal A, Luo X, et al.
Activity of colistin combined with doripenem at clinically relevant concen-
trations against multidrug-resistant Pseudomonas aeruginosa in an in
vitro dynamic biofilm model. ] Antimicrob Chemother. 2014;69:2434-2442.
doi:10.1093/jac/dkuis1.

[8] Falagas ME, Kastoris AC, Kapaskelis AM, Karageorgopoulos DE. Fosfomycin
for the treatment of multidrug-resistant, including extended-spectrum
beta-lactamase producing, Enterobacteriaceae infections: a systematic
review. Lancet Infect Dis. 2010;10:43-50. d0i:10.1016/S1473-3099(09 )70325-1.

[9] Falagas ME, Kastoris AC, Karageorgopoulos DE, Rafailidis PI. Fosfomycin for
the treatment of infections caused by multidrug-resistant non-fermenting
gram-negative bacilli: a systematic review of microbiological, animal and
clinical studies. Int ] Antimicrob Agents. 2009;34:111-120. doi:10.1016/j.ijan-
timicag.2009.03.009.

[10] Corvec S, Furustrand Tafin U, Betrisey B, Borens O, Trampuz A. Activities
of fosfomycin, tigecycline, colistin, and gentamicin against extended-
spectrum-fB-lactamase-producing Escherichia coli in a foreign-body infec-
tion model. Antimicrob Agents Chemother. 2013;57:1421-1427. doi:10.1128|
AAC.01718-12.

[11] de Sanctis |, Teixeira L, van Duin D, Odio C, Hall G, Tomford JW, et al.
Complex prosthetic joint infections due to carbapenemase-producing
Klebsiella pneumoniae: a unique challenge in the era of untreatable infec-
tions. Int | Infect Dis. 2014;25:73-78. d0i:10.1016/j.ijid.2014.01.028.

[12] Drapeau CM]J, Grilli E, Petrosillo N. Rifampicin combined regimens for
gram-negative infections: data from the literature. Int | Antimicrob Agents.
2010;35:39-44. doi:10.1016/j.ijantimicag.2009.08.011.

[13] Wright H, Bonomo RA, Paterson DL. New agents for the treatment of infec-
tions with gram-negative bacteria: Restoring the miracle or false dawn?
Clin Microbiol Infect. 2017;23:704-712. d0i:10.1016[j.cmi.2017.09.001.

[14] Laratta JL, Shillingford JN, Hardy N, Lombardi |M, Saifi C, Romanov A, et
al. Intrawound tobramycin powder eradicates surgical wound contami-
nation: an in vivo rabbit study. Spine. 2017;42:E1393-E1397. doi:10.1097/
BRS.0000000000002187.



