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Abstract. Background and aim: Complex bone and joint infections (BJIs), including prosthetic joint infections
(PJIs) and infections associated with osteosynthetic materials, present significant treatment challenges that often
require surgical intervention and prolonged antibiotic therapy. In France, the incidence of PJIs in knee and hip
arthroplasties ranges from 0.79 % to 2.4 %, with staphylococci being the primary pathogens involved. Recent
studies have suggested that oral antibiotic therapy may be as effective as intravenous therapy and that 12 weeks of
antibiotic treatment are needed. Tetracyclines, particularly doxycycline and minocycline, are of interest because
of their broad-spectrum activities, good oral bioavailability, and potential efficacy in treating BJIs. We aimed to
provide a literature review on the role of oral tetracyclines in the management of BJIs.

Method: We performed a systematic review of the literature identified via an electronic search of PubMed
and ScienceDirect.

Results: A total of 648 articles were screened, and 31 studies were included. Pharmacological studies demon-
strated that the bone to blood penetration ratio ranged from 0.06 to 0.75. Less than 20 % of strains implicated
in BJIs exhibited resistance to oral tetracyclines. Four studies demonstrated potential inhibition of strain growth.
Eight studies that included 62 patients reported curative treatment, with a success rate ranging from 82 % to
100 % for PJIs regardless of the surgical management. For suppressive therapy, 10 studies that included 201
patients reported success rates ranging from 57 % to 100 %. The rate of adverse effects ranged from 0 % to 14 %
for curative treatment and from 0 % to 57 % for suppressive treatment, leading to treatment discontinuation in
less than 20 % of cases.

Conclusion: This review highlights that the number of studies supporting the use of oral tetracyclines for the
treatment of BJIs is limited. More robust pharmacological and clinical studies are needed to confirm the safety
and efficacy profiles of oral tetracyclines for the treatment of BJIs.

to 2.4 % of hip arthroplasties in 2021 (Astagneau, 2023).

Complex bone and joint infections (BJIs), such as prosthetic
joint infections (PJIs) or infections associated with fracture-
related infections (FRIs), are typically challenging to treat
and require surgery, along with a prolonged course of antibi-
otics (Bernard et al., 2021; Fillingham et al., 2019; McNally
et al., 2021; Parvizi et al., 2018). In France, PJIs were re-
ported in 0.79 % to 0.89 % of knee arthroplasties and 1.16 %

FRIs are more common than PJIs, particularly in cases of
open trauma, with the prevalence ranging from 1 % to 30 %
(Metsemakers et al., 2018). Staphylococci are responsible for
more than half of all PJI or FRI cases (Lemaignen et al.,
2021). Managing these BJIs is complex, and guidelines, es-
pecially those concerning antimicrobial therapy and admin-
istration of antibiotics, vary among countries (Ariza et al.,
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2017; Ertel-Pau, 2014; Osmon et al., 2013). A study on more
than 1054 participants suggested that oral therapy is as effec-
tive as intravenous therapy during the first 6 weeks (Li et al.,
2019). Additionally, recent research revealed a higher fail-
ure rate in PJI patients on a 6-week antibiotic course than
in those on a 12-week course (Bernard et al., 2021). The
usual oral antibiotic course for BJIs involves a combination
of antibiotics, especially for staphylococcal infections. A rec-
ommended treatment for staphylococcal BJIs is quinolone
and rifampicin in combination with first-line antibiotherapy,
when possible (Ertel-Pau, 2014; Osmon et al., 2013). Treat-
ments containing rifampicin have demonstrated a greater ef-
ficacy than those without rifampicin (El Helou et al., 2010).
However, these treatments can lead to adverse events (AEs),
such as musculoskeletal issues, drug interactions, and nau-
sea, resulting in drug discontinuation or the need to change
antibiotics in up to 20 % of cases (El Helou et al., 2010;
Nguyen et al., 2015; Shah et al., 2020). In the cases of side ef-
fects or nonsusceptible bacteria, cotrimoxazole, linezolid, te-
dizolid, macrolides, lincosamides, streptogramins, or cyclins
can be used as oral alternatives (Osmon et al., 2013).
Tetracyclines are a group of bacteriostatic antibiotics that
inhibit bacterial protein synthesis through interactions with
the 30S subunit of bacterial ribosomes. Tetracyclines have
broad spectra of activity against both gram-positive and
gram-negative bacteria and are often used to treat atypical in-
fections, such as brucellosis, rickettsiosis, Q fever, Lyme dis-
ease, sexually transmitted infections, and malaria (Bahrami
et al., 2012). Tetracyclines can be categorized into three
groups on the basis of their pharmacokinetic and antibac-
terial properties. Group 1 includes older agents, such as
tetracycline and rolitetracycline, which have a reduced oral
bioavailability (77 %—88 %). Group 2 comprises doxycycline
and minocycline, which are more lipophilic than older tetra-
cyclines and have an oral bioavailability of approximately
95 %—-100 %; this improves their tissue distribution. Both
drugs have a prolonged half-life (12-16h) and have shown
sufficient antistaphylococcal activity, including that against
methicillin-resistant Staphylococcus aureus (MRSA) (Ruhe
et al., 2005). Protein binding varies from 76 % to 93 %.
Group 3 involves tigecycline, which is administered intra-
venously and is more commonly used for multidrug-resistant
bacterial infections, and omadacycline and eravacycline (Ag-
wuh and MacGowan, 2006; Bahrami et al., 2012; Bidell and
Lodise, 2021). Tetracycline antibiotics chelate calcium and
are found in the cytoplasm of osteoclasts, which explains
their affinity for bones (Donahue et al., 1992; Warner et
al., 2022). These antibiotics have few side effects (namely,
photosensitivity and gastrointestinal effects) and are well-
tolerated. Owing to their broad spectra of activity, good
oral bioavailability, and prolonged activity, doxycycline and
minocycline are potential options for the oral treatment of
BJIs. However, data concerning the efficacy of oral cyclins
against BJIs due to common bacteria are limited. The aim of
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this work was to provide a literature review on the role of
oral tetracyclines in the management of BJIs.

2 Materials and methods

We performed a systematic review of the literature identi-
fied via an electronic search of PubMed and ScienceDirect
by using the following keywords: “tetracycline” OR “doxy-
cycline” OR “minocycline” AND “bone and joint infection”
OR “periprosthetic joint infection” OR “osteomyelitis” OR
“synovial fluid” OR “bone penetration” OR “joint penetra-
tion” (MeSH). No language or age constraints were applied
to the search. Databases was searched between 1960 and
November 2024. Articles were selected for review if their ti-
tles or abstracts suggested the use of oral tetracyclines against
bone and joint infections caused by common microorganisms
or if the titles suggested data on bone penetration of tetracy-
clines. Veterinary articles or articles concerning intracellular
microorganisms, zoonotic diseases (such as Whipple’s dis-
ease, Lyme disease, and Q fever), sexually transmitted infec-
tions, or intravenous tetracyclines were excluded. Case re-
ports, case series, and cohort studies were included only if
data regarding clinical presentation, microorganisms, treat-
ment, and outcomes were available. Special attention was
given to avoiding the inclusion of duplicate cases among
meeting abstracts, case reports, or articles. Suppressive an-
tibiotic treatment (SAT) refers to the long-term administra-
tion of antibiotics with the aim of reducing symptoms and de-
laying the progression of BJIs. Curative antibiotic treatment
refers to an antibiotic regimen with the aim of curing BlIs,
often in combination with surgical management. This litera-
ture review was conducted according to the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines (Page et al., 2021).

3 Results

The search of the PubMed and ScienceDirect databases
yielded a total of 648 citations. After excluding duplicates
and articles whose titles and abstracts did not meet the inclu-
sion criteria, 40 full-text articles were assessed for eligibility.
Finally, 31 studies, mostly case series and retrospective stud-
ies, were included (Fig. 1): 3 studies on bone penetration, 5
studies on susceptibility profiles, 4 on the effect of oral tetra-
cyclines on biofilm formation, 1 pharmacological study on an
animal model, 8 on curative treatment, and 10 on suspensive
treatment.

3.1 Tetracycline, doxycycline, and minocycline
penetration into bone and joints

Three studies focused on oral tetracyclines into bone and
joints.

In the study by Bystedt et al. (1976), 30 patients re-
ceived either doxycycline (200mg, n = 10), tetracycline
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Figure 1. Flowchart of the selection process of the 31 studies included in this review on oral tetracycline use for bone and joint infections.

(500 mg, n = 10), or oxytetracycline (250 mg, n = 10) orally
for mandibular osteitis just before surgery (dental extrac-
tion). The serum peak concentration of doxycycline was
greater than that of tetracycline or oxytetracycline (4.4 [1.9-
6.8 ugmL~! versus 2.3 [1.1-4.3] uygmL~! and <2 pg mL~!,
respectively). The dental alveolar concentration of doxycy-
cline was approximately 1.0ugmL~! lower than its serum
concentration (75 % of bone penetration) and higher than the
dental alveolar concentrations of oxytetracycline and tetra-
cycline (0.2 ugmL~" and 0.5 ugmL~! lower than the serum
concentrations, respectively) (Bystedt et al., 1976). In an-
other study, 34 patients were treated with 200 mg of intra-
venous doxycycline 2 h before orthopedic surgery for frac-
ture. At 3h post-administration (peak doxycycline concen-
tration in the serum), the mean serum concentration in 14 fe-
males was 8.3 [5.4-11.5]ugmL ™!, whereas the mean bone
concentration was 0.13 [0-0.51]ugmL~!. For 13 males, the
mean serum concentration was 5.97 [4.7-8.8] ugmL~!, and
the mean bone concentration was 0.11 [0-0.36] ugmL ™!
(Gnarpe et al., 1976). In more recent studies, after admin-
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istration of 200mg of intravenous doxycycline to 25 pa-
tients undergoing orthopedic surgery, the bone concentra-
tions ranged from 0.1 to 2.2 ug g~! depending on the method
used (electrophoresis or agar diffusion) (Dornbusch, 1976).

3.2 Susceptibility profiles of microorganisms involved in
BJls to tetracyclines

Five studies focused on susceptibility profiles of microorgan-
isms involved in BJIs to tetracyclines.

Less than 20 % of staphylococcal strains are resistant to
tetracycline, but the resistance is greater for MRSA and
coagulase-negative Staphylococcus (CoNS) strains and for
enterococcal (> 40 %) strains (Citron et al., 2014; Duployez
et al., 2022; Hamad et al., 2015; Pfaller et al., 2018). BJI-
causing strains that were collected in the USA, Europe,
Tirkiye, Ukraine, Russia, and Israel presented the following
rates of resistance to tetracycline: 5.4 % and 6.1 % among
801 S. aureus strains, 3.2 % and 3.7 % among 534 MSSA
strains, 9.8 % and 10.9 % among 267 MRSA strains, 13.1 %
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and 15 % among CoNS strains, 51.5 % and 55.2 % among
164 B-hemolytic streptococcal strains (according to the CLSI
and EUCAST break points, respectively), and 75.6 % (ac-
cording to the CLSI break point only) among Enterococcus
faecalis strains (Pfaller et al., 2018). In another large ret-
rospective study that was conducted at a French reference
center for complex BJIs to describe the antibiotic suscepti-
bility profiles of bacteria isolated from BJIs over 10 years,
resistance to tetracycline for staphylococci remained quite
stable (26.6 %, 917 out of 3449 strains). Among all CoNS
strains (n = 2373), 35.4 % were resistant to tetracycline and
2.1 % were resistant to minocycline, whereas among S. au-
reus strains (n = 1101), only 11 % were resistant to tetracy-
cline and 3.7 % were resistant to minocycline (Duployez et
al., 2022) A total of 26 gram-positive isolates from PJI pa-
tients who were not susceptible to doxycycline were evalu-
ated for minocycline susceptibility using gradient diffusion
test strips. E. faecium strains (n =5) were all resistant to
minocycline, whereas 40 % (2 out of 5) of E. faecalis strains,
72.7 % (8 out of 11) of MRSA strains, and 100 % (5 out of
5) of CoNS were susceptible to minocycline while being re-
sistant to doxycycline (Doub et al., 2022).

4 Tetracyclines and biofilm formation activity in
Bdls

Four studies focused on the activity of oral tetracycline
against bacterial biofilm formation in BJTs.

Budge et al. (2020) compared the efficacies of van-
comycin, doxycycline, and penicillin against the planktonic
and 72h old biofilm forms of Cutibacterium acnes strains
causing PJIs. The data revealed that doxycycline was effec-
tive in eradicating both planktonic and 72 h old biofilm forms
of C. acnes, as indicated by its minimum inhibitory con-
centration (MIC) and minimum bactericidal concentration
(MBC) values. The effective antibiotic concentrations ranged
from 1 to 1000 ugmL ™!, but only doxycycline achieved in-
hibitory and bactericidal concentrations across all the tested
strains. However, notably, the MIC and MBC values for
biofilms were greater than those for the planktonic form
(p < 0.05) for all antibiotics, including doxycycline (Budge
et al., 2020).

In another study, Mandel et al. (2019) analyzed the
activities of 10 important antibiotics (cefazolin, clin-
damycin, vancomycin, rifampicin, linezolid, nafcillin, gen-
tamicin, trimethoprim/sulfamethoxazole, doxycycline, and
daptomycin) against PJI-associated S. aureus strains that
were grown as 48h old biofilms and planktonic cultures.
Both MSSA and MRSA biofilms demonstrated decreased
sensitivity to all clinically used antibiotics, but only ri-
fampicin, doxycycline, and daptomycin had significant ac-
tivity against 48 h old biofilms, with MBCs ranging from 80
to 2000 ug mL~!. A total of 90 % of S. aureus biofilms could
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be killed by rifampicin, 50 % by doxycycline, and only 15 %
by daptomycin (Mandell et al., 2019).

In a study on the antibiofilm activity of doxycycline, Koch
et al. (2024) compared the activities of antibiotics against
48 h old biofilms with those against planktonic cultures of
PJI-associated S. epidermidis strains. Only rifampicin and
doxycycline had a significant effect on biofilm formation
and were able to eradicate 64 % and 18 % of S. epider-
midis biofilms, respectively, with MBCs ranging from 32 to
2000 ug mL.~!. However, the MBCs were greater for doxy-
cycline than for rifampicin, and biofilm-forming strains were
more resistant to doxycycline (Koch et al., 2020).

In a more recent study, the combination of doxycycline
and rifampicin was able to eradicate biofilms of one-third of
S. aureus strains, whereas the combination of doxycycline
and moxifloxacin was ineffective. These results favor a syn-
ergistic in vitro effect of doxycycline and rifampicin (Perez-
Alba et al., 2023).

In these four studies, all the biofilm-producing strains of
C. acnes, S. epidermidis, and S. aureus demonstrated greater
tolerance to antibiotics than planktonic cultures.

5 Use of oral tetracyclines against BJls: an animal
study

Only one study has evaluated the effect of oral doxycycline
in an animal model of BJI.

The efficacies of oral and intravenous monotherapies and
combination antibiotic-rifampicin regimens were evaluated
in a mouse model of MRSA-induced hip PJI. A total of 2
weeks after bacterial inoculation (to allow the formation of
biofilm), different antibiotic therapies, including oral doxy-
cycline, were administered for 6 weeks (n = 10 per group).
The bacterial burden was assessed by in vivo biolumines-
cent imaging and ex vivo counting of colony-forming units
(CFUs). The effect of doxycycline monotherapy on biolu-
minescence imaging signals was modest compared with that
of the antibiotic—rifampicin regimen. All monotherapy treat-
ments (including oral doxycycline) failed to clear the infec-
tion, whereas oral linezolid—rifampicin and all intravenous
antibiotic-rifampicin combinations resulted in no viable bac-
teria (no CFUs). The percentage of tissue with CFUs present
out of the total number of samples assayed was the same
in the doxycycline group as in the control without antibi-
otics. The combination of doxycycline and rifampicin was
not tested (Thompson et al., 2017).

6 Clinical data on the use of oral tetracyclines
against BJls

6.1 Oral tetracyclines as curative treatments for BJls

No randomized studies have evaluated the efficacies of oral
tetracyclines in the curative treatment of BJIs. Only eight
studies were found in the literature, including two prospec-
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tive studies (Bart et al., 2020; Clumeck et al., 1984; Jang et
al., 2024; Matt et al., 2021; Norden et al., 1983; Preininger,
1973; Ruhe et al., 2005; Sato et al., 2019). A total of 62 cases,
including 13 cases of osteomyelitis, 1 case of arthritis, and
48 cases of prosthetic joint infection (PJI), were described.
The oral tetracyclines used were minocycline in 45 patients
(73 %), doxycycline in 3 patients (5 %), and an unspecified
tetracycline in 14 patients (23 %). Oral tetracyclines were
combined with rifampicin in 12 patients (19 %), trimetho-
prim/sulfamethoxazole in two patients (3 %) (Ruhe et al.,
2005; Sato et al., 2019), dalbavancin in 3 patients (5 %), and
vancomycin in 34 patients (55 %). In the study by Bart et
al. (2020), the efficacy of a vancomycin and minocycline
regimen was compared with that of a vancomycin and ri-
fampicin regimen. The relapse and reinfection rates did not
differ between the two groups. New infections seemed to be
more common in the minocycline group, but the difference
was not significant (6 vs. 3; p = 0.3) (Bart et al., 2020).

Infections were caused by S. aureus in 20 patients (32 %)
and by coagulase-negative staphylococci in 39 patients
(63 %). No microbiological data were available for the re-
maining three patients (5 %). There were 10 (16 %) treat-
ment failures and 4 (6 %) treatment discontinuations due
to adverse events (AEs). In the cases of treatment failure,
the infection was due to the same pathogen in five patients
(8 %) and to another pathogen in two patients (3 %). No data
were available for the remaining three patients (5 %). For os-
teomyelitis, the duration of treatment ranged from 5d to 14
months, with a success rate of 62 % (8 out of 13 patients). For
PJI, the treatment duration ranged from 11.4 weeks to 90d,
with a success rate of 91 % (41 out of 45 patients), when data
were available (Bart et al., 2020; Clumeck et al., 1984; Jang
et al., 2024; Norden et al., 1983; Preininger, 1973; Ruhe et
al., 2005; Sato et al., 2019).

The results of these studies are detailed in Table 1.

6.2 Oral tetracyclines as a suppressive antibiotic
therapy (SAT) for BJls

Oral tetracyclines are more likely to be used as an SAT
against BJIs. A total of 10 retrospective studies have reported
the efficacies of SATSs, including oral tetracyclines, in pa-
tients with PJIs (Ceccarelli et al., 2023; Jang et al., 2024;
Leijtens et al., 2019; Pradier et al., 2018; Prendki et al.,
2014; Rao et al., 2003; Sandiford et al., 2020; Segreti et al.,
1998; Siqueira et al., 2015; Wouthuyzen-Bakker et al., 2017).
No prospective study was found. These studies reported 201
BJIs, including 70 hip PJIs (35 %), 65 knee PJIs (32 %), two
shoulder PJIs (1 %), four elbow PJIs (2 %), and five fracture-
related bone infections (2 %). No data on anatomical sites
were available for 55 patients (27 %).

Staphylococci were the main bacteria involved in these
BJIs (n = 193, 96 %). Other implicated bacteria are detailed
in Table 2.

https://doi.org/10.5194/jbji-10-143-2025

Minocycline was used in 47 patients (23 %), whereas
doxycycline was used in 141 patients (70 %). For 13 patients
(6 %), the oral tetracycline used was not specified. Minocy-
cline was used in combination with rifampicin in 16 patients
(8 %). The median duration of intensive treatment ranged
from 1 to 5.3 years, when data were available. The AE rates
ranged from 18 % to 57 %, with only 10 treatment discontin-
uations (5 %) due to AEs reported. The success rates of SAT
during the follow-up ranged from 57 % to 100 %. Pradier et
al. (2018) documented three strains with acquisition of doxy-
cycline resistance. No other examples of doxycycline resis-
tance were described (Pradier et al., 2018).

The results of these studies are detailed in Table 2.

In a retrospective study of 39 cases of knee or hip PJIs as-
sociated with Staphylococcus aureus, SAT with doxycycline
achieved an 85 % rate of success in patients with initial sur-
gical management (debridement and antibiotherapy with im-
plant retention — DAIR — or implant exchange), with a mean
event-free period of 994 d (Pradier et al., 2017). Failure was
mostly associated with doxycycline-susceptible bacteria (8
out of 10, 80 %). This is the largest series reported to date on
the use of oral tetracycline as an SAT to treat Staphylococcus
aureus-induced BJIs, and data are reported in another large
study (Pradier et al., 2018).

7 Discussion

This review provides a comprehensive examination of the
use of oral tetracyclines for the treatment of common BJIs.
To our knowledge, this is the first review on the use of oral
tetracyclines for the treatment of BJIs. We highlight the lack
of robust data, with only a few published studies, 8 of which
were on curative treatment and 10 on SAT. Most of these
studies are retrospective, with only two prospective studies
and no randomized trials.

Pharmacological studies on the penetration of oral tetracy-
clines into bone and joint tissues are scarce, with only three
studies available and none published after 1980. These stud-
ies present conflicting results, with doxycycline bone pen-
etration ranging from 1.5 % to 75 % (Bystedt et al., 1976;
Dornbusch, 1976; Gnarpe et al., 1976). However, variability
in methodology, including differences in antibiotic adminis-
tration, tetracycline concentrations in different bone tissues
(cortical vs. cancellous or not specified, pathologic bone vs.
normal bone), and measurement techniques (doxycycline-
binding protein fraction or doxycycline-binding and not
binding fractions and different techniques), likely contributes
to these discrepancies.

The strains that are commonly found in BJIs are generally
sensitive to doxycycline and minocycline. However, cases of
emerging resistance have been reported. In such instances,
testing for sensitivity to minocycline is recommended. The
mechanisms of resistance are diverse (e.g., efflux pumps, en-
zymatic degradation, or target mutations) and do not neces-
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Table 1. Summary of eight studies on the use of oral tetracyclines for curative antibiotic treatment of bone and joint infections.

Treatment BII Microorganisms Mean of Side effects Outcomes
follow-up/mean
duration of
treatment
Preininger (1973) Minocycline Osteomyelitis, n = 1 MSSA,n=1 NA NA Success, n =1 (100 %)
Case report, n = 1 Failure, n=0(0%)
Norden et al. (1983) Rifampicin 600 mg Osteomyelitis, n =3 SA,n=3 NA/6 months NA Success, n =1 (33 %)
Prospective study, qd + doxycycline after 5 years of
n=14 100 mg bid, n =3 follow-up
Failure, n =2 (67 %)
due to other bacteria
Clumeck et al. (1984)  Minocycline 100 or Osteomyelitis, n = 4 SA,n=4 NA/22 (5-119)d None Failure, n = 1 after 3
200 mg months of treatment due
Retrospective study, bid + rifampicin to the appearance of
n=25 300mg bidn =4 rifampicin and
minocycline resistance
Ruhe et al. (2005) Minocycline 100 mg Osteomyelitis, n = 4 MRSA,n=5 NA 2/24 (8 %) nausea or Success, n =21
Retrospective study, bid + rifampicin, n =3 Arthritis, n =1 vomiting, leading to (87.5 %)
n=24 treatment Failure, n = 3 (12.5 %)
or minocycline 100 mg discontinuation
bid + trimethoprim/
sulfamethoxazole,
n=1
Sato et al. (2019) Minocycline 100 mg Wrist osteomyelitis, MRSA,n =1 1 year/14 months 0 Success, n =1 (100 %)

Retrospective study,
n=1

qd + trimethoprim/
sulfamethoxazole 6 g
qd

n=1

Failure, n =0 (0 %)

Bart et al. (2020)
Prospective study,
n=734

Minocycline 100 or
200 mg

bid + vancomycin 6-8
weeks, n = 34

Hip P, n =22
Knee PJI,n =12

MRCoNS, n =34

43 months/85
(median) (84-90)d

n=23/22 (14 %)
leading to two
treatment
discontinuations
(hepatitis and

Success, n =32 (94 %)
Failure, n =2 (6 %)

thrombocytopenia)
Matt et al. (2021) Tetracycline PllLn=3 NA NA 0 No data
Retrospective study, (nonspecified), n =3
n=16
Jang et al. (2024) Doxycycline or HipPJ,n =3 MRSA,n=4 1 year/11.4 weeks NA Success, n =9 (82 %)
Retrospective study, minocycline (no Knee PII,n =6 MSSA,n=2 Failure, n =2 (18 %)
n=24 details), n =11 Shoulder PJI, n =2 CoNS,n=5

SA: Staphylococcus aureus; MSSA: methicillin-susceptible Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus;
MRCOoNS: methicillin-resistant coagulase-negative Staphylococcus; PJ1: prosthetic joint infection; qd: once a day; bid: twice a day; NA: not available

sarily confer cross-resistance to other tetracyclines (Gross-
man, 2016).

Four studies have investigated the potential effects of
oral tetracycline on biofilm-forming strains of C. acnes or
Staphylococcus spp. implicated in BJIs. The results showed
that the effects of doxycycline and minocycline on S. au-
reus biofilms were similar to those of rifampicin and fluo-
roquinolones. In addition to BJI biofilms, Cerca et al. (2005)
reported that compared with cefazolin, vancomycin and di-
cloxacillin, tetracycline and rifampicin were the two most
effective antibiotics for killing bacteria in biofilms (formed
in batch and fed-batch modes) (Cerca et al., 2005). These
data are supported by those of Monzon et al. (2020), who
demonstrated that compared with vancomycin, clindamycin,
cephalothin, teicoplanin, and ofloxacin, rifampicin and tetra-
cycline had greater killing effects on Staphylococcus epi-
dermidis in biofilms (Monzén et al.,, 2002). Takahashi et
al. (2006) demonstrated that doxycycline inhibited biofilm
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formation by Prevotella intermedia, whereas tetracycline,
minocycline, and ofloxacin did not (Takahashi et al., 2006).
Despite these promising in vitro data, clinical trials are
needed to confirm the clinical relevance of these findings for
BIJI biofilms.

Oral tetracyclines are recommended as options for SAT
in international guidelines and are considered alternatives to
standard curative treatments (Osmon et al., 2013). However,
these recommendations are based on few high-quality stud-
ies with good methodologies. There are no randomized or
comparative studies. In this review, we found a failure rate
of 16 % (10 out of 61) in cases of curative treatment and a
recurrence or treatment failure rate of 0 % to 43 % in cases
of suppressive antibiotic therapy. Most studies on the cura-
tive treatment of BJIs involved few patients, and the results
should be interpreted with caution. Another significant issue
is the lack of precision regarding the treatment duration and
surgical management, which limits the interpretation of suc-
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Table 2. Summary of 10 studies on the use of oral tetracyclines for suppressive antibiotic treatment of bone and joint infections.

Treatment BII Microorganisms Mean of Side effects Outcomes at the end of
follow- follow-up
up/mean
duration of
SAT (years)
Segreti et al. (1998) Total: n =5 HipPl,n=1 CoNS,n=3 5/4.1 2/5 (40 %) Success, n =5 (100 %)
Retrospective study, Minocycline 100 or Knee PJI, n =4 MRSA, n =2 Diarrhea, n =2 Failure, n =0 (0 %)
n=18 200 mg qd 4 rifampicin
600 mg qd
Rao et al. (2003) Total: n = 14 No data MRCoNS/MRSA, 5.1/4.3 No data Success, n =12 (85 %)
Retrospective study, Minocycline n=14 Failure, n =2 (15 %)
n =36 100 mg d_l, n=2 Enterococcus, n =1
Minocycline
100 mg + rifampicin
600mg, n = 11
Doxycycline 200 mg
qd + amoxicillin
500 mg tid, n =1
Prendki et al. (2014) Doxycycline 200 mg No data MRSA, n=1 No data No data Success, n =1 (100 %)
Retrospective study, qd,n=1
n=32
Siqueira et al. (2015) Total: n =40 No data MRSA,n =8 5.8/5.3 No data Success, n =63
Retrospective study, Minocycline 100 mg MSSA, n=7 (68.5 %)
n=92 qd,n=1 MSCoNS, n =8 No specific data on the
Doxycycline 100 mg MRCoNS, n =12 oral tetracycline group
qid, bid, or qd, n =39 Enterococcus, n =1
Streptococcus, n =1
P.acnes,n=1
Diphtheroid-like
bacilli,n =1
Negative culture, n =1
‘Wouthuyzen-Bakker et ~ Total: n =7 HipPII,n =6 SE,n=6 1.8 4/7 (57 %) Success, n =6 (85 %)
al. (2017) Doxycycline 100 mg Knee PII,n =1 SA,n=1 (median)/1.8 — Phototoxicity, n =2 Failed, surgical
Retrospective study, qd,n=1 B. fragilis,n =1 —Nausea, n =2 intervention needed:
n=21 Minocycline E. cloacae,n =1 — Diarrhea, n =1 n=1
200mg qd, n =4
100mg qd, n =2
Pradier et al. (2018) Total: n =78 Hip PJI, n =35 S. aureus,n =42 2.8/1.8 14/78 (18 %) leading to  Success, n =56 (72 %)
Retrospective study, Minocycline 200 mg Knee PJI,n =37 CoNS,n =33 SAT discontinuation in ~ Failure, n =22 (28 %)
n="78 qd,n=6 Streptococcus, n =12 six patients (8 %) due
Doxycycline 200 mg Elbow PJI,n =4  Enterococcus,n =3 to phototoxicity
qd,n =72 Enterobacteria, n =5 — Phototoxicity, n =7
Shoulder PJI, P. aeruginosa, n =1 — Nausea, n =7
n=2 Anaerobes, n =7 — Pruritus, n =2
Others,n =4 - Vertigo, n =2
Leijtens et al. (2019) Total: n =14 HipPll,n =14 CoNS,n =11 2.7/3.1 3/14 (21 %) leading to Success, n =8 (57 %)
Retrospective study, Doxycycline 100 mg SA,n=4 SAT discontinuation in ~ Failure, n =6 (43 %)
n=23 qd,n=11 P acnes,n =2 one patient
200mgqd,n =3 C. perfringens,n =1 — Pruritus, n =1
P. aeruginosa, n =2 — Nausea, n =1
Corynebacterium, — Thrombocytopenia,
n=1 n=1
GPR,n=1
Sandiford et al. (2020) Total: n =13 HipPIL,n =7 SEor CoNS,n= 6 3.2/3.1 No side effects Success, n =12 (92 %)
Retrospective study, Doxycycline, n =13 Knee PII,n =6 SA,n=6 Failure, n =1 (8 %)
n =26 P. acnes,n =1 with surgical
S. dysgalactiae,n =1 intervention needed
Ceccarelli et al. (2023)  Minocycline 200 mg HipPll,n =6 MRSA, n =2 1.75 3/16 (18.7 %) leading Success, n =10
Retrospective study, qd,n =16 Knee PII,n =5 CoNS,n=14 (median)/1.75 to SAT discontinuation  (62.5 %)

n=16

Fracture-related
infection, n =5

(including one
co-infection with E.
coli)

— Teeth staining n =1
— Epigastric pain,n =2

Failure, n =6 (37.5 %)

Jang et al. (2024) Doxycycline or Knee, n =12 MRSA, n =2 1/no data (at No data Success, n =13
Retrospective study, minocycline, no Hip,n =1 MSSA, n=3 least 1 year) (100 %)
n=24 details, n =13 CoNS,n =8 Failure, n =0 (0 %)

SA: Staphylococcus aureus; MSSA: methicillin-susceptible Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; MRCoNS: methicillin-resistant coagulase-negative Staphylococcus; MSCoNS:
methicillin-susceptible cc 1 gative Staphyl SE: Staphylococcus epidermidis; CoNS:coagulase-negative Staphylococcus; P. acnes: Propionibacterium acnes; E. coli: Escherichia coli; P. aeruginosa:
Pseudomonas aeruginosa; C. perfringens: Clostridium perfringens; E. cloacae: Enterobacter cloacae; B. fragilis: Bacteroides fragilis; S. lugdunensis: Staphylococcus lugdunensis; S. warneri: Staphylococcus warneri;
E. faecalis: Enterococcus faecalis; C. koseri: Citrobacter koseri; GPR: gram-positive rod; PJI: prosthetic joint infection; qd: once a day; bid: twice a day tid: three times per day; gid: four times per day.
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cess or failure. For patients experiencing relapse after first-
line treatment, surgical management is often not adequately
addressed. In the reviewed studies, doxycycline was mostly
used in combination but with no comparator. Several studies
were excluded despite the use of doxycycline or minocycline
orally because of a lack of the description of cases, success,
or surgical management. There is most likely an underreport-
ing of patients with BJIs treated with doxycycline. Indeed,
in our reference center, doxycycline is an antibiotic that is
regularly used, and owing to the lack of studies with larger
sample sizes and comparators, it is difficult to assess its ef-
fectiveness as a first-line treatment and its place among the
different therapeutic options (in combination or as monother-
apy and curative treatment or SAT).

Only a few AEs are associated with oral tetracycline,
even during prolonged treatment. We found 37 AEs reported,
which led to 17 discontinuations of SAT or CAT. This rep-
resents 8 % to 57 % of cases with reported AEs. Treatment
discontinuations due to AEs ranged from 7 % to 19 % when
data were available. The rate of AEs was higher for SAT than
for curative treatment. This may be explained by the duration
of treatment. AEs, including phototoxicity and gastrointesti-
nal issues, are often moderate. Severe phototoxicity, hepato-
toxicity, and cardiological AEs are described less frequently.
The rates of adverse effects are similar to those reported with
the prolonged use of doxycycline in the treatment of acne,
rosacea, and lymphangioleiomyomatosis or in the prevention
of sexually transmitted infections (STIs) (approximately 7 %
in four studies) (Molina et al., 2018; Moore et al., 2015; Pi-
menta et al., 2013; Thiboutot et al., 2009).

Rifampicin is known to be an enzymatic inducer at the
hepatic level, and doxycycline undergoes at least partial
metabolism in the liver. Few studies have investigated the
potential impact of this combination on doxycycline blood
levels. This combination leads to a decrease in doxycycline
blood levels and a reduction in its half-life. This decrease and
its impact on the clinical course of BJIs remain to be explored
(Bessard et al., 1983; Colmenero et al., 1994; Garraffo et al.,
1988).

Compared with other antibiotic regimens that are com-
monly used for BlIs, oral tetracyclines have very good safety
profiles. In a recent retrospective study, AEs occurred in 51 %
of patients treated with levofloxacin, leading to treatment dis-
continuation in 35.6 % of the patients (Vollmer et al., 2021).
AEs were observed in 57 % of patients treated with linezolid
for BJIs, resulting in treatment discontinuation in 26 % of
the cases (Veerman et al., 2023). Rifampicin, which is of-
ten used in combination therapy for BJIs because of its ef-
ficacy against biofilms, was associated with a 22 % rate of
treatment discontinuation due to AEs in another retrospec-
tive study (Tonnelier et al., 2021). Oral tetracycline appears
to be a good candidate for prolonged oral antibiotic treatment
because of its safety profile.

In conclusion, oral tetracyclines could be attractive alter-
native antibiotics for the management of BJIs because of
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their antibiofilm activity, good tolerability, and promising
preliminary results from clinical studies. However, the cur-
rent body of evidence is based on studies with methodologi-
cal limitations, and there is an urgent need for well-designed
prospective studies (bone penetration and treatment of BJIs)
to confirm these findings and optimize treatment protocols.
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