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1  |  INTRODUC TION

Skin and soft tissue infections (SSTIs), or acute bacterial skin and skin 
structure infections (ABSSSIs), are among the most common indica-
tions for outpatient antibiotic prescriptions in the USA.1,2 To guide 
treatment decisions, the Infectious Diseases Society of America 
(IDSA) skin and soft tissue guideline from 2014 recommends char-
acterizing SSTIs as either non- purulent or purulent.3 This approach 
is particularly important in outpatient settings where treatment is 

often empiric, and therefore, agents should be selected to target 
suspected pathogens. Cellulitis and erysipelas are the most com-
mon non- purulent SSTIs and are caused in most cases by strepto-
cocci. Guideline- concordant outpatient oral antibiotics for treating 
common non- purulent SSTIs include penicillin VK, cephalosporins, 
dicloxacillin, and clindamycin. In contrast, purulent infections are 
commonly caused by Staphylococcus aureus, and the presence of 
methicillin- resistant S. aureus (MRSA) is often of clinical concern. 
Oral agents with MRSA activity that are recommended by IDSA 
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Abstract
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resistance, susceptibility profiles against common SSTI pathogens, pharmacokinetics 
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guidelines include sulfamethoxazole/trimethoprim (SMX/TMP), 
clindamycin, linezolid, and oral tetracyclines (ie, doxycycline and mi-
nocycline). Though less common relative to Gram positives, Gram 
negatives may also be implicated in SSTIs in at- risk patients (eg, pa-
tients with long- standing diabetes, chronic kidney disease, and heart 
failure),4 with guidelines recommending use of an agent expected to 
have activity against suspected pathogens (eg, Escherichia coli).

Oral antibiotics listed in the 2014 IDSA SSTI guideline are 
“strongly” recommended for use based on the GRADE (Grading of 
Recommendations Assessment, Development, and Evaluation) sys-
tem, indicating that these agents can be used for most patients in 
most circumstances.3 However, there are some important effective-
ness (largely due to microbiologic resistance) and safety consider-
ations with many of the IDSA- recommended oral antibiotics.3,5– 13 
Despite their infrequent use relative to other oral SSTI agents,1,14 
doxycycline and minocycline are attractive options given their high 
oral bioavailability, generally favorable safety profiles, and low po-
tential for drug interactions. In addition to their high in vitro activity 
against S. aureus, including MRSA, they also have Gram- negative ac-
tivity if broader coverage is clinically indicated, similar to SMX/TMP. 
Although not included in the 2014 IDSA guideline, omadacycline 
is another tetracycline derivative that was approved by the United 
States Food and Drug Administration (FDA) in 2018 for treatment 
of ABSSSIs and is available both intravenously and orally.15 Given 
the need for alternatives to clindamycin, SMX/TMP, and oxazolidi-
nones for certain outpatients with SSTIs, this review summarizes the 
microbiologic and clinical data on use of oral tetracyclines (doxycy-
cline, minocycline, and omadacycline) for this indication. As part of 
this review, we describe common mechanisms of tetracycline agent 
resistance among SSTI pathogens (ie, staphylococci, streptococci, 
Enterobacterales), reported in vitro activity against SSTI pathogens 
across recent surveillance studies, data on pharmacokinetics and 
pharmacodynamics, and summaries of comparator clinical studies. 
Important considerations for use of oral tetracyclines for the treat-
ment of adult outpatients with SSTIs are summarized. Safety profiles 
of these agents are not included in this review, as they are described 
in extensive detail elsewhere.16

2  |  METHODS

A comprehensive search of PubMed was performed to identify rel-
evant articles pertaining to use of FDA- approved tetracycline agents 
for treatment of SSTI. To ensure all appropriate articles were cap-
tured, the initial search terms included “tetracycline” and “skin.” The 
initial search resulted in 3203 articles, and all were screened for in-
clusion based on the title and abstract. Specific interest was placed 
on titles that included specific tetracycline agents, studies that spe-
cifically mentioned tetracyclines for treatment of SSTIs (eg, clinical 
trials), or studies that compared resistance among SSTI treatments 
for the most common bacterial pathogens (eg, S. aureus, strepto-
cocci). All relevant articles identified in the initial literature search 
underwent cross- referencing to ensure that other relevant articles 

not captured in the initial search were reviewed and included as 
applicable. Clinical studies were included if patient outcomes were 
stratified by antibiotic treatment received. Case reports or stud-
ies on non- FDA- approved tetracycline agents were excluded. For 
in vitro microbiologic susceptibility surveillance studies, emphasis 
was placed on articles published after 2000 that were conducted 
in adult patients (hospitalized and community- dwelling) with SSTIs 
from North America and Europe. Minimum inhibitory concentration 
(MIC) data specific to clinical isolates associated with SSTI were in-
cluded when available.

2.1  |  Common resistance mechanisms

Tetracycline agents exert their activity by binding to the 30S sub-
unit of the bacterial ribosome to inhibit protein synthesis.17 The 
three major classifications of resistance to tetracycline class agents 
include efflux pumps, ribosomal protection proteins (RPPs), and 
enzymatic deactivation.17– 19 Notably, tetracycline is the least sta-
ble agent against common resistance mechanisms, and therefore, 
non- susceptibility to tetracycline does not necessarily predict 
non- susceptibility to doxycycline, minocycline, or omadacycline. 
However, susceptibility to doxycycline, minocycline, and omadacy-
cline can be inferred in the setting of tetracycline susceptibility.20

With respect to Staphylococcus species, the two major described 
mechanisms of tetracycline resistance involve efflux pump expres-
sion and the presence of RPP. Both mechanisms are conferred by tet 
genes and appear to be inducible in S. aureus in vitro.21 Efflux pump 
expression is most mediated by plasmid- acquired genes tetK and tetL, 
while RPP- mediated tetM or tetO can be transposon-  or chromosom-
ally mediated.21 Most MRSA isolates that are tetracycline- resistant 
harbor tetK or tetM, and some isolates may express both geno-
types.21,22 The tetL gene has also been reported to be co- expressed 
with tetM.21 S. aureus that exhibit the TetK efflux pump tend to be 
resistant to tetracycline and have higher but susceptible MIC val-
ues per the Clinical and Laboratory Standards Institute (CLSI)/Food 
and Drug Administration (FDA) susceptibility breakpoints to dox-
ycycline.23 However, exposure to subinhibitory concentrations of 
tetracycline and doxycycline has been shown to induce doxycycline 
resistance in the presence of the TetK pump, while minocycline and 
omadacycline retain activity.21,22,24 Expression of the RPP TetM re-
sults in a broader resistance profile as it confers resistance to tet-
racycline, doxycycline, and minocycline.21 The RPP TetO, although 
expected to confer a similar phenotype, is seemingly not as common 
as TetM in S. aureus.21 Omadacycline in vitro activity is retained in 
the setting of TetM and TetO.24,25 Although these appear to be the 
most common mechanisms for tetracycline agent resistance in S. au-
reus, other mechanisms have also been described.17,26

With respect to other common SSTI pathogens, tetM is the most 
commonly expressed resistance gene in S. pyogenes, and expression 
has been reported to be inducible.18 In addition, tetO, tetS, and tetT 
have been described as mechanisms of antibiotic resistance asso-
ciated with S. pyogenes.23 Many viridans group streptococci harbor 
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tetK, tetL, tetM, or tetO.18 Expression of these resistant genes in 
streptococci affects the susceptibility of doxycycline, minocycline, 
and omadacycline in a similar nature to that observed in S. aureus 
as described above. More specifically, doxycycline and minocy-
cline would not necessarily be expected to be active against many 
tetracycline- resistant streptococci given common expression of 
TetM. Omadacycline activity, however, is not affected by RPPs.

Efflux pump expression is well described among Enterobacterales, 
conferring narrower (eg, TetA, TetB) to broad- spectrum and mul-
tidrug resistance (eg, AcrAB).17 Notably, tetracycline, doxycycline, 
and minocycline are all substrates for TetB,14 resulting in reduced 
susceptibility to all aforementioned agents. Resistance to all agents, 
including omadacycline, can be seen with AcrAB expression.19,27,28 
TetM17 and TetO19 have also been described in Enterobacterales, 
including E. coli, both of which confer resistance to “traditional” 
tetracyclines but not omadacycline. TetX, although uncommon, 
confers resistance to all tetracycline agents including omadacycline 
via hydroxylation of the tetracycline core structure.17,19 Mutations 
in the ribosomal subunit, although infrequent, can also confer non- 
susceptibility to doxycycline, minocycline, and omadacycline.19,29

2.2  |  Surveillance

Susceptibility breakpoints for clinical use of tetracyclines are estab-
lished by CLSI, European Committee on Antimicrobial Susceptibility 
Testing (EUCAST), and the FDA.30– 32 However, there are variations 
in both availability of and designated susceptibility breakpoint con-
centrations across organizations (Table 1). In general, organisms that 
are reported to be susceptible to tetracycline can be considered sus-
ceptible to doxycycline, minocycline, and omadacycline. However, as 
described earlier, activity of these agents in the setting of tetracy-
cline resistance is variable based on the mechanism, and susceptibil-
ity should be confirmed whenever possible.

In vitro data (MIC50, MIC90) for tetracycline, doxycycline, mino-
cycline, and omadacycline against SSTI- associated pathogens from 

mostly observational cohort and large surveillance studies are sum-
marized in Table 2. Most studies indicated that isolates were from 
clinical sources, including but not necessarily limited to SSTI. The 
MIC values specific to SSTI- associated pathogens were included 
whenever specified. A focus was placed on recent (ie, from 2000 or 
later) data from North America or Europe. Non- susceptibility rates 
from these studies were included when available, though these val-
ues are subject to study methodology and susceptibility breakpoints 
at the time of the respective publication.

2.2.1  |  Staphylococcus aureus

Despite well- described resistance mechanisms, studies suggest that 
resistance to tetracycline agents is generally low among S. aureus 
(<10%).33– 39 However, if data are stratified by methicillin suscepti-
bility, higher rates of tetracycline agent non- susceptibility are ob-
served for MRSA (as high as 18% for tetracycline)34,36,38,40 relative 
to MSSA.25,34,36,38,40 In one study of over 3000 isolates from the 
European SENTRY program, tetM expression was more common in 
MRSA, whereas tetK was prevalent in MSSA,41 and tetM and tetK co- 
expressions were also more frequent in MRSA.41 Doxycycline and 
minocycline data are not widely reported, though studies suggest 
that doxycycline non- susceptibility rates are generally low (≤6%). 
However, this trend may be reflective of tetracycline susceptibility 
at large, given that in one study of tetracycline- resistant S. aureus 
isolates (n = 237), 38% were also non- susceptible to doxycycline.38 
Omadacycline MICs are favorable against S. aureus, and activ-
ity is generally retained in the presence of tetracycline- resistant 
strains.33,35,38

Few studies have evaluated susceptibility trends among the 
various oral tetracycline agents against S. aureus in the setting of 
known resistance mechanisms. One study evaluated MIC data for 
tetracycline, doxycycline, and omadacycline in the presence of clin-
ical S. aureus isolates harboring tetK (n = 5 isolates) and tetM (n = 19 
isolates) genes.25 Given that both tetK and tetM confer resistance 

TA B L E  1  Susceptibility breakpoints for tetracycline agents as reported by CLSI, EUCAST, and the FDA

Pathogen

Susceptibility breakpoints (mcg/ml)

Tetracycline Doxycycline Minocycline Omadacycline

CLSI EU FDA CLSI EU FDA CLSI EU FDA CLSI EU FDA

S. aureus ≤4 ≤1 ≤4 ≤4 ≤1 – ≤4 ≤0.5 ≤4 – – ≤0.5

S. lugdunensis ≤4 ≤1 ≤4 ≤4 ≤1 – ≤4 ≤0.5 ≤4 – – ≤0.12

Beta- hemolytic streptococci ≤2 ≤1 ≤2 – ≤1 – – ≤0.5 – – – ≤0.12a

Viridans group streptococci ≤2 – – – – – – – – – – ≤0.12b

Enterobacterales spp. ≤4 – ≤4 ≤4 – ≤4 ≤4 – ≤4 – – ≤4

Abbreviations: CLSI, Clinical and Laboratory Standards Institute; EUCAST, European Committee on Antimicrobial Susceptibility Testing; FDA, Food 
and Drug Administration.
aS. pyogenes only.
bS. anginosus only; –  indicates no breakpoint is established.
Source: CLSI M100,30 EUCAST,31 and FDA.32
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to tetracycline, MIC ranges for tetracycline were expectedly high 
(16– 32 mcg/ml and 32 to >64 mcg/ml, respectively). Respective 
elevations in MIC ranges were less extreme with doxycycline, par-
ticularly in the presence of tetK relative to tetM (1– 4 mcg/ml and 
2– 16 mcg/ml) and were lowest for omadacycline (0.125– 0.25 mcg/
ml and 0.125– 1 mcg/ml). This supports the notion that doxycycline 
MICs are more likely to be in the susceptible range based on current 
breakpoints in the presence of tetK compared with tetM, and omad-
acycline is generally expected to be active in the presence of either 
determinant.25

Though minocycline was not included in the aforementioned 
study, a similar analysis of 66 clinical MRSA isolates described both 
doxycycline and minocycline MIC trends in the presence of con-
firmed tetK and tetM.21 The doxycycline MIC90 was 4 mcg/ml among 
isolates harboring tetK alone, whereas MIC90 increased to 8 mcg/ml 
in isolates with tetM.21 The MIC90 for minocycline in tetK and tetM 
isolates were ≤0.25 and 4 mcg/ml, respectively. Notably, when tetK- 
containing isolates were pre- incubated with a subinhibitory con-
centration of tetracycline, MICs increased for doxycycline (MIC90 
16 mcg/ml) but not minocycline (MIC90 0.25 mcg/ml), suggesting po-
tential for inducible doxycycline resistance in the presence of tetK. 
MIC90 increases for both doxycycline and minocycline (16 mcg/ml) 
were observed for pre- incubated tetM isolates. Ultimately, investiga-
tors concluded that concern for inducible doxycycline resistance be 
considered in the setting of all tetracycline- resistant MRSA isolates, 
with consideration also given to the possibility of minocycline resis-
tance. Though minocycline appears to be less impacted by inducible 
resistance than doxycycline, these findings highlight the apparent 
clinical importance of confirming individual agent susceptibility if 
tetracycline resistance in S. aureus is known or suspected. However, 
it is worth noting that these findings from the aforementioned 
studies,21,25 which was also echoed by others,20,40 suggest that 
the current CLSI and FDA susceptibility breakpoint for doxycycline 
(≤4 mcg/ml) does not appear to appreciably differentiate between 
wild- type and resistance determinant- containing strains.20,21,25,40 
Therefore, potential for development of resistance may not be read-
ily identifiable.

2.2.2  |  Streptococcus spp.

Surveillance data for streptococci suggest that non- susceptibility 
rates for tetracycline are high (18%– 85%).38,40 Resistance to doxy-
cycline and minocycline against streptococci also appears to be 
commonplace (>20%), but data are limited.25,40,42 In contrast, sur-
veillance studies indicate that omadacycline resistance is exceed-
ingly rare among streptococci (near 100% susceptibility).35,38,39 Of 
note, there are reports of streptococcus isolates with elevated but 
susceptible omadacycline MICs against some tetracycline- resistant 
strains, but the clinical significance of this is unknown.33,35 Very few 
studies have evaluated the activity of tetracycline agents in strep-
tococcus strains with known resistance mechanisms. One large 
surveillance study of 1454 group A streptococci observed a 15% 

non- susceptibility rate to tetracycline, which was most commonly 
mediated by tetM, and less commonly by tetO.43 In a small study 
evaluating isolates of S. pyogenes (19/20) and S. agalactiae (10/13) 
that exhibited either tetM or tetO,42 minocycline MICs ranged from 2 
to 8 mcg/ml.9 Data for doxycycline were not reported, but favorable 
MIC ranges would not be expected in the setting of RPP expression.

2.2.3  |  Enterobacterales

Among Enterobacterales, contemporary MIC data for tetracycline 
agents are not well described and data are only available for oma-
dacycline. Surveillance studies suggest that omadacycline is active 
against many Enterobacterales, though susceptibility rates are not 
quite as high as those observed for common Gram- positive SSTI 
pathogens.34 In one study of more than 20,000 Enterobacterales 
isolates, omadacycline inhibited 87.5% of isolates with MICs ≤4 mcg/
ml. Omadacycline was reported to be most active against E. coli 
(MIC50/MIC90: 0.5/2), Klebsiella oxytoca (MIC50/MIC90: 1/2), and 
Citrobacter spp. (MIC50/MIC90: 1/4). The MIC values against non- 
extended spectrum beta- lactamase phenotype K. pneumoniae were 
comparable (MIC50/MIC90: 1/4). As with other tetracycline agents, 
omadacycline was noted to have limited activity against P. mirabilis 
(MIC50/MIC90: 16/>32).38 Omadacycline is also expected to have 
limited to no activity against Morganella and Providencia species.

2.3  |  Pharmacokinetics and Pharmacodynamics

Data on the pharmacokinetics (PK) of oral tetracyclines are de-
scribed in extensive detail elsewhere.16 Recommended dosing 
regimens of doxycycline, minocycline, and omadacycline for adult 
outpatients with SSTIs/ABSSSIs are shown in Table 3. Loading doses 
are included in the product labeling for omadacycline and encour-
aged for doxycycline and minocycline when used for adult patients 
with more serious SSTIs due to their long elimination half- lives.44,45 
With regard to dosing in specialized populations, all three agents do 
not require dose adjustment for patients with renal or hepatic im-
pairment and dosing regimens do not need to be adjusted for weight, 
age, gender, or race. These agents also do not significantly interact 
with drugs metabolized by cytochrome P450 enzymes, minimizing 
the potential for clinically relevant drug- drug interactions.46,47

Although these three agents have similar PK properties, there 
are differences between agents with regard to their bioavailability. 
Both doxycycline and minocycline exhibit 90%– 100% oral bioavail-
ability,48 and there are only modest reductions in absorption when 
they are given with food except when they are co- administrated 
with divalent and trivalent cations or bismuth subsalicylate.44,47,49,50 
In contrast, the bioavailability of omadacycline is reported to be ap-
proximately 35%,51– 54 and absorption is decreased in the setting of 
food.53 The oral maintenance dose of omadacycline (ie, 300 mg) is 
three times the 100 mg IV dose to account for the lower bioavail-
ability. To minimize the effect of food on absorption, patients are 



924  |    BIDELL anD LODISE

recommended to fast for at least 4 h prior to taking oral omada-
cycline and 2 h after administration. Dairy products, antacids, or 
multivitamins should also be avoided for 4 h after oral omadacycline 
administration.54

There are also distinct differences in protein binding and plasma 
exposure profiles between agents. Doxycycline and minocycline 
exhibit 75%– 90% protein binding55,56 in serum, whereas protein 
binding for omadacycline is only 20%.51 For doxycycline and mino-
cycline, the average areas under the curve (AUCs) for 200 mg/day 
oral doses range from 85 to 108 mg·h/L and 68.6 to 71.3 mg·h/L, 
respectively, whereas the daily AUC for omadacycline for 300 mg 
oral or 100 mg IV dose is ~8– 10 mg·h/L. However, the observed free 
plasma AUC is largely similar between agents due to the differences 
in protein binding.51,55,56 Furthermore, all three agents concentrate 
well in the skin and surrounding soft tissues.44,45

Limited in vitro and in vivo pharmacokinetic/pharmacodynamic 
(PK/PD) data are available for doxycycline and minocycline.44 In a 
hollow fiber infection model of MRSA simulating free drug serum 
concentrations of oral minocycline 200 mg/day, a −1.8 −0.2 log re-
duction in count by 24 h was observed.57 More PK/PD data exist for 
omadacycline, and the free 24- h AUC/MIC ratio (fAUC0– 24/MIC) 
was found to best correlate with bacterial killing.58– 60 In a neutrope-
nic mouse thigh infection model of S. aureus, median AUC0– 24/MIC 
ratio associated with net stasis and 1- log10 kill were 21.9 in MSSA 
and 57.7 in MRSA (range, 32.2– 302.5).59 It should be noted that only 
total drug concentrations were assessed in these studies and the 
protein binding of omadacycline is similar (20%) in humans and mice. 
Using the median AUC0- 24/MIC ratio targets identified in this study 
and the population- predicted AUCs in patients at near steady- state 
conditions,45 standard oral dosing of omadacycline is expected to 
result in exposures associated with net stasis- 1- log10 killing against 
most S. aureus strains with MIC values ≤0.5 mg/L (current FDA 
breakpoint).

2.4  |  Clinical data

Available comparative clinical data for use of doxycycline, minocy-
cline, and omadacycline for treatment of SSTI are summarized in 
Table 4. Although several descriptive case series involving doxy-
cycline and minocycline for treatment of patients with SSTIs are 
available,61,62 few comparative data exist. The largest study in adult 
patients with SSTIs who received doxycycline or minocycline was 
published in 2007.63 This was a retrospective study of patients with 
MRSA SSTI who presented to either the emergency department 

or outpatient clinic at two tertiary care centers (n = 276 patients, 
282 episodes). Most patients presented with cutaneous abscesses 
(75%) that underwent incision and drainage (80%). Patients initially 
received intravenous therapy and were transitioned to complete 
treatment with either an oral tetracycline (doxycycline or minocy-
cline 100 mg twice daily) or a beta- lactam. The primary outcome 
was treatment failure, defined as need for an additional incision 
and drainage and/or SSTI- related hospital admission within at least 
2 days of the initial incision and drainage or positive wound culture. 
Approximately one third of patients (32%) received doxycycline or 
minocycline (97% received doxycycline), while the remaining pa-
tients received beta- lactam therapy (68% received oral cephalexin 
and 25% received amoxicillin- clavulanate). A total of 28 failures 
(10%) were described after a median of 3 days. Failures were most 
prominent among patients who had received beta- lactam (13% in 
beta- lactam group vs. 4% in tetracycline group). Most clinical fail-
ures (23 of 28) consisted of patients who required a repeat incision 
and drainage, with or without a concomitant hospital admission. 
No patients who received tetracyclines required hospital admis-
sion, whereas 16 (8.3%) in the beta- lactam group were admitted. 
In the multivariate analysis, treatment with a beta- lactam was the 
only characteristic associated with treatment failure (adjusted odds 
ratio [OR] 3.94, 95% confidence interval [CI] 1.28– 12.5, p = 0.02). 
Patients who received tetracyclines were more likely to experience 
a successful outcome compared with patients who received a beta- 
lactam (96% vs. 88%, p = 0.035). Though these findings support use 
of tetracyclines for MRSA SSTI, their apparent clinical superiority 
over beta- lactams in this setting is perhaps not unexpected as beta- 
lactams do not have activity against MRSA.

The findings of high clinical success rates with tetracyclines in 
the aforementioned study63 were consistent with a small- scale pro-
spective, open- label randomized study that evaluated empiric ther-
apy with oral SMX/TMP or doxycycline for treatment of outpatients 
with SSTIs in an area with a high prevalence of MRSA.64 The primary 
endpoint of this study was clinical failure, defined as a subsequent 
hospital admission, the administration of intravenous antibiotics, or 
a change in oral antibiotics over a period of 10– 14 days after the ini-
tial emergency department presentation. Thirty- four patients were 
included in the study, and 14 received SMX/TMP (8 with MRSA) and 
20 received doxycycline (15 with MRSA) for 7 days. The overall clin-
ical failure rate was 9% (3 failures), with all failures occurring in the 
SMX/TMP group. However, there was no significant difference in 
clinical failure between empirical SMX/TMP or doxycycline therapy. 
All three SMX/TMP clinical failures were hospitalized due to wors-
ening of the initial SSTI, which subsequently improved with no other 

Antibiotic
Administration route: 
loading dose

Administration route: 
maintenance dose

Doxycycline47 200 mg orally on day 1 100 mg orally every 12 h

Minocycline50 200 mg orally on day 1 100 mg orally every 12 h or 50 mg 
orally 4 times a day

Omadacycline54 450 mg orally on days 1– 2 300 mg orally once daily

TA B L E  3  Oral doxycycline, 
minocycline, and omadacycline dosing 
recommendations for adult outpatients 
with skin and skin structure infections/
acute bacterial skin and skin structure 
infections
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complications. Telephone follow- up at 28– 35 days after initial pre-
sentation with 31 of 34 patients found that 3 of 14 (21.4%) patients 
in the SMX/TMP group and 3 of 17 (17.6%) patients in the doxycy-
cline group had recurrent SSTI; however, all recurrent SSTIs were at 
new sites compared with the index infection.

Two additional comparative studies have examined the ef-
fectiveness of oral doxycycline/minocycline relative to other oral 
treatments for outpatients with SSTIs.65,66 In a retrospective obser-
vational study,65 the efficacy of several oral antibiotics for the treat-
ment of adult outpatients with non- serious community- onset MRSA 
SSTIs (ie, abscess or cellulitis) was evaluated. The primary outcomes 
were improvement or resolution of infection 5 and 14 days after 
initiation of treatment with orally administered antibiotics and 
rates of recurrence within 30 days after completion of treatment. 
The study included 30 patients; 3 received minocycline, 1 received 
doxycycline, 6 received TMP/SMX, 8 received clindamycin, 5 re-
ceived a β- lactam plus drainage, 3 received a fluoroquinolone, and 
4 received drainage only without concurrent antibiotics. All patients 
exhibited improvement, without initial worsening, and no patients 
experienced a recurrence within 30 days after therapy completion. 
A randomized double- blind clinical trial compared the effectiveness 
of oral minocycline (n = 115) relative to oral penicillin- V (n = 128) for 
patients with SSTIs due to S. aureus or S. pyogenes.66 The primary 
outcome was clinical response (cure, improved, same, or worse) at 
the end of treatment. Not surprisingly, a higher proportion of base-
line S. aureus isolates were susceptible to minocycline relative to oral 
penicillin- V (96% vs. 20%, respectively), whereas nearly all baseline 
S. pyogenes isolates were susceptible to minocycline and penicillin- V. 
Cure at end of treatment was significantly higher among those who 
received minocycline versus penicillin- V (76% vs. 55%), and overall 
cure rates were consistent with those with S. aureus, S. pyogenes, 
or both S. aureus and S. pyogenes in baseline culture. Although dif-
ferences in cure rates at end of treatment were observed between 
treatment arms, most patients in both groups demonstrated clinical 
cure/improvement (98% in the oral minocycline group versus 92% in 
the penicillin- V group).

Omadacycline is the only tetracycline with an oral formulation 
to be evaluated in contemporary randomized, double- blind, multi-
center, multinational phase 3 trials for the treatment of adult patients 
with ABSSSIs (OASIS- 1 and OASIS- 2).67,68 In OASIS- 1,68 omadacy-
cline (100 mg given intravenously every 12 h for two doses, then 
100 mg given intravenously every 24 h, with the option to transition 
to 300 mg given orally every 24 h after ≥3 days, for total treatment 
of 7– 14 days) was compared with linezolid (600 mg given intrave-
nously every 12 h, with the option to transition to 600 mg given 
orally every 12 h after ≥3 days, for total treatment of 7– 14 days) in 
adults with ABSSSIs (wound infection, cellulitis, erysipelas, major 
abscess requiring clear evidence of erythema, edema, or induration 
with a surface area of ≥75 cm2). Notable exclusion criteria included 
the presence of chronic infection, recent antibiotic use, presence 
of immunocompromising conditions, and presence of clinically sig-
nificant hepatic or renal impairment. The primary endpoint was 
early clinical response in the modified intention- to- treat population 

(mITT), which was comprised of all randomized patients who did not 
have a sole Gram- negative pathogen at baseline (given that linezolid 
does not have appreciable Gram- negative activity). Early response 
was defined as survival with reduction in lesion size of ≥20% without 
rescue antibiotic therapy at 48– 72 h. Clinical response with reso-
lution of signs and symptoms of infection 7– 14 days after the last 
antibiotic dose in the mITT and clinical per protocol population was 
also evaluated.

A total of 655 patients were included in the study (627 mITT pop-
ulation). At least one Gram- positive pathogen was isolated in 69.5% 
of the ITT population. S. aureus was the most isolated pathogen in 
both groups (about 150 patients, the majority of which was MSSA). 
A low percentage of patients had concurrent bacteremia (omadacy-
cline 3.5% vs. linezolid 2.9%) in the mITT group. The mean duration 
of intravenous and oral therapy in both groups was 4.4 and 5.5 days, 
respectively. Groups were well balanced with a similar distribution of 
patients with cellulitis, wounds, or major abscesses. Omadacycline 
was found to be non- inferior to linezolid with respect to early clinical 
response (omadacycline 84.8% vs. linezolid 85.5%, −0.7 percentage 
points, 95% CI −6.3 to 4.9). Non- inferiority was also demonstrated 
in the clinical per protocol group (omadacycline 92.6% vs. linezolid 
94.6%, difference −1.9, 95% CI −6.1 to 2.1). Similar clinical responses 
to treatment were observed in other subgroup analyses. Nearly half 
of the patients in each group (omadacycline 48.3%, linezolid 45.7%) 
experienced an adverse event, the most common of which was 
gastrointestinal in nature (eg, nausea). However, only one patient 
in each group discontinued therapy prematurely due to a gastro-
intestinal adverse events. There were no reported occurrences of 
Clostridioides difficile infection in either treatment arm.

In OASIS- 2,67 adult outpatients with ABSSSI were randomly as-
signed (1:1) to receive omadacycline (450 mg orally every 24 h over 
the first 48 h, then 300 mg orally every 24 h) or linezolid (600 mg 
orally every 12 h) for 7– 14 days. The primary endpoints were early 
clinical response among patients without solely Gram- negative 
ABSSSI pathogens at baseline and investigator- assessed clinical 
response at post- treatment evaluation, 7– 14 days after the last 
dose, in the mITT population and clinically evaluable population. 
Overall, 368 were randomized to receive omadacycline and 367 
were randomized to receive linezolid. For early clinical response in 
the mITT population (360 patients in the omadacycline group and 
360 patients in the linezolid group), omadacycline was non- inferior 
to linezolid (88% vs. 83%, respectively, percentage- point difference 
5.0, 95% CI: −0.2 to 10.3). For investigator- assessed clinical re-
sponse at post- treatment evaluation, omadacycline was also found 
to be non- inferior to linezolid in the mITT (84% vs. 81%, respectively, 
percentage- point difference 3.3, 95% CI: −2.2 to 9.0) and clinically 
evaluable (98% vs. 96%, respectively, percentage- point difference 
of 2.3, 95% CI: −0.5 to 5.8) populations. Similar findings were ob-
served in the pathogen, infection type, and patient subgroup anal-
yses. Comparable response rates were observed in patients with 
mixed Gram- positive and Gram- negative infections (omadacycline 
78% vs. linezolid 82%). Mild- to- moderate nausea and vomiting were 
two of the most frequent treatment- emergent adverse events in 
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omadacycline (30% and 17%, respectively) and linezolid (8% and 3%, 
respectively) groups. Effects appeared to be self- limiting, given that 
only one patient in the omadacycline group discontinued treatment 
due to moderate nausea and vomiting.

3  |  DISCUSSION

The collective findings from this review suggest that doxycycline, 
minocycline, and omadacycline are viable options for the treatment 
of adult outpatients with purulent SSTIs when known or highly sus-
pected to be caused by S. aureus, including MRSA, when given for 
guideline- recommended durations (eg, 5– 10 days). Although com-
parative clinical data are scant for doxycycline and minocycline and 
largely limited to treatment of S. aureus,63– 66 findings largely support 
their use for treatment of purulent SSTIs. Use of omadacycline is 
also supported, given that it has been evaluated in two randomized 
phase 3 trials67,68 and is approved by the FDA for the treatment of 
adult patients with ABSSSI caused by S. aureus (MSSA and MRSA).15 
Despite promising clinical trial results, real- world effectiveness and 
safety data with omadacycline for the treatment of purulent SSTIs 
are scant and, as with any new outpatient antibiotic, there is the po-
tential for issues with drug access, prescription coverage, and out- 
of- pocket patient expenses. It is important to note that high clinical 
success rates for all three tetracycline agents in the aforementioned 
studies are reported in the context of concomitant incision and 
drainage of purulent sites including abscesses, in accordance with 
best practice. Furthermore, these studies were generally conducted 
in patients with acute infections, and therefore may not be suffi-
ciently representative of patients who may require longer durations 
of treatment in the setting of complicated or chronic infectious 
processes.

Despite the favorable microbiologic and clinical data with oral 
tetracyclines, use of doxycycline and minocycline for treatment of 
purulent SSTIs should be guided by the results of culture and sus-
ceptibility reports when available. In particular, a certain degree of 
caution should be exercised when considering use of doxycycline 
for purulent SSTIs caused by S. aureus isolates that are suspected 
or reported to be tetracycline- resistant.38 This concern stems from 
limited in vitro data suggesting potential for inducible doxycycline 
resistance on treatment, depending on the underlying mechanism 
for tetracycline resistance.21 Some data also suggest that current 
CLSI and FDA susceptibility breakpoints for doxycycline may not 
sufficiently differentiate between wild- type strains and those ex-
pressing select resistance determinants.20,21,25 Though the clinical 
significance of this observation is not well described, there are pub-
lished reports of increased clinical failures with use of doxycycline 
relative to minocycline for treatment of S. aureus based on anecdotal 
experience.69 Inducible resistance appears to be of less concern 
for minocycline and of seemingly no concern for omadacycline, but 
more data are needed.

The findings from this review also indicate that doxycycline and 
minocycline should not be routinely used for the empiric treatment 

of patients with non- purulent SSTIs, especially when there is doc-
umented or high suspicion of streptococci. Although limited, data 
from surveillance programs indicate that resistance to doxycy-
cline and minocycline among streptococci exceeds 20%.25,40,42 
Doxycycline or minocycline should only be considered as targeted 
treatment agents against SSTIs caused by Streptococcus spp. if the 
culture and sensitivity report confirms susceptibility. If cultures are 
not possible in the setting of a suspected streptococcal SSTI, consid-
eration should be given to use of either a non- tetracycline agent with 
reliable streptococcal activity (eg, beta- lactam, linezolid) or omada-
cycline.70 If a polymicrobial infection (eg, both Gram positives and 
Gram negatives) is suspected, best available data support use of om-
adacycline over other oral tetracyclines.70 Though anecdotal expe-
rience suggests that doxycycline or minocycline may retain activity 
in the setting of Gram- negative pathogens such as Enterobacterales, 
susceptibility should be confirmed in the absence of contemporary 
Gram- negative bacteria surveillance data from patients with SSTIs.

4  |  CONCLUSION

The IDSA SSTI guidelines recommend several oral agents for the 
empiric treatment of non- purulent and purulent SSTIs.3 Despite the 
“strong” GRADE recommendations for the oral agents listed in the 
guidelines, there are important microbiologic resistance, effective-
ness, and safety concerns with many of them. In vitro surveillance 
and clinical data suggest that doxycycline, minocycline, and oma-
dacycline are effective and safe oral treatment options for SSTIs 
known or suspected to be caused by S. aureus, including MRSA. If 
there is a need to use an oral tetracycline for a suspected or docu-
mented streptococcal SSTI, available surveillance and clinical studies 
support use of omadacycline and avoidance of doxycycline and mi-
nocycline unless susceptibility to these latter two agents can be con-
firmed. Though polymicrobial and Gram- negative SSTIs (eg, caused 
by Enterobacterales) are less common in outpatient settings, the 
best available study data suggest that omadacycline may be prefer-
able to doxycycline or minocycline in the absence of culture data if 
there is a clinical need to use a tetracycline agent.

ACKNOWLEDG MENTS
This study was funded by Paratek Pharmaceuticals through an un-
restricted grant to IDRX Solutions, LLC. The sponsors had no role in 
the design, execution, interpretation, or writing of the study.

CONFLIC T OF INTERE S T
TPL has served as a consultant, received grants, and is a speaker for 
Paratek. MRB has no conflicts to declare.

AUTHOR CONTRIBUTIONS
TPL conceptualized the study and contributed to funding ac-
quisition. TPL and MRB contributed to methodology, wrote and 
prepared the original draft, and wrote, reviewed, and edited the 
manuscript.



    |  929BIDELL anD LODISE

ORCID
Thomas P. Lodise  https://orcid.org/0000-0002-4730-0655 

R E FE R E N C E S
 1. Fritz SA, Shapiro DJ, Hersh AL. National trends in incidence of 

purulent skin and soft tissue infections in patients presenting to 
ambulatory and emergency department settings, 2000– 2015. Clin 
Infect Dis. 2020;12:2715- 2718.

 2. Pallin DJ, Egan DJ, Pelletier AJ, Espinola JA, Hooper DC, Camargo 
CA Jr. Increased US emergency department visits for skin and 
soft tissue infections, and changes in antibiotic choices, during 
the emergence of community- associated methicillin- resistant 
Staphylococcus aureus. Ann Emerg Med. 2008;3:291- 298.

 3. Stevens DL, Bisno AL, Chambers HF, et al. Practice guidelines for 
the diagnosis and management of skin and soft tissue infections: 
2014 update by the Infectious Diseases Society of America. Clin 
Infect Dis. 2014;2:e10- e52.

 4. Ioannou P, Tsagkaraki E, Athanasaki A, Tsioutis C, Gikas A. Gram- 
negative bacteria as emerging pathogens affecting mortality in skin 
and soft tissue infections. Hippokratia. 2018;1:23- 28.

 5. Bowen AC, Carapetis JR, Currie BJ, Fowler V Jr, Chambers HF, Tong 
SYC. Sulfamethoxazole- trimethoprim (cotrimoxazole) for skin and 
soft tissue infections including impetigo, cellulitis, and abscess. 
Open Forum Infect Dis. 2017;4:ofx232.

 6. Healthcare- Associated Infections— Community Interface (HAIC): 
Emerging Infections Program (EIP) Network Report Invasive 
Staphylococcus aureus, 2016 Updated: February 13, 2020. https://
www.cdc.gov/hai/eip/pdf/2016- MRSA- Repor t- 508.pdf

 7. BACTRIM™ sulfamethoxazole and trimethoprim DS (double 
strength) tablets and tablets USP Package Insert. https://www.
acces sdata.fda.gov/drugs atfda_docs/label/ 2013/01737 7s068 
s073l bl.pdf

 8. CLEOCIN HYDROCHLORIDE Package Insert. https://www.acces 
sdata.fda.gov/drugs atfda_docs/label/ 2009/05016 2s085 lbl.pdf

 9. ZYVOX® (linezolid) injection (linezolid) tablets (linezolid) for oral sus-
pension Package Insert. https://www.acces sdata.fda.gov/drugs atfda_
docs/label/ 2008/02113 0s016 ,02113 1s013 ,02113 2s014 lbl.pdf

 10. Li Y, Xu W. Efficacy and safety of linezolid compared with other 
treatments for skin and soft tissue infections: a meta- analysis. 
Biosci Rep. 2018;38(1):BSR20171125. https://doi.org/10.1042/
BSR20 171125

 11. Hardalo C, Lodise TP, Bidell M, et al. Clinical safety and tolerability 
of tedizolid phosphate in the treatment of acute bacterial skin and 
skin structure infections. Expert Opin Drug Saf. 2018;4:359- 367.

 12. SIVEXTRO (tedizolid phosphate) for injection, for intravenous use 
and SIVEXTRO (tedizolid phosphate) tablet, for oral use. https://
www.acces sdata.fda.gov/drugs atfda_docs/label/ 2014/20543 
5s000 lbl.pdf

 13. Kullar R, Puzniak LA, Swindle JP, Lodise T. Retrospective real- world 
evaluation of outcomes in patients with skin and soft structure in-
fections treated with tedizolid in an outpatient setting. Infect Dis 
Ther. 2020;1:107- 117.

 14. Haran JP, Wu G, Bucci V, Fischer A, Boyer EW, Hibberd PL. 
Treatment of bacterial skin infections in ED observation units: 
factors influencing prescribing practice. Am J Emerg Med. 
2015;33(12):1780- 1785.

 15. NUZYRA (omadacycline) for injection, for intravenous use and 
NUZYRA (omadacycline) tablets, for oral use Package Insert. 
ht tps://www.acces sdata .fda.gov/drugs at fda_docs/label/ 
2018/209816_20981 7lbl.pdf

 16. Bidell MR, Pai MAP, Lodise TP. Use of oral tetracyclines in the treat-
ment of adult patients with community- acquired bacterial pneu-
monia: a literature review on the often- overlooked antibiotic class. 
Antibiotics. 2020;9(12):905.

 17. Grossman TH. Tetracycline antibiotics and resistance. Cold Spring 
Harb Perspect Med. 2016;4:a025387.

 18. Chopra I, Roberts M. Tetracycline antibiotics: mode of action, ap-
plications, molecular biology, and epidemiology of bacterial resis-
tance. Microbiol Mol Biol Rev. 2001;65(2):232- 260; second page, 
table of contents.

 19. Zhanel GG, Esquivel J, Zelenitsky S, et al. Omadacycline: a novel 
oral and intravenous aminomethylcycline antibiotic agent. Drugs. 
2020;3:285- 313.

 20. Jones RN, Stilwell MG, Wilson ML, Mendes RE. Contemporary 
tetracycline susceptibility testing: doxycycline MIC methods and 
interpretive criteria (CLSI and EUCAST) performance when test-
ing Gram- positive pathogens. Diagn Microbiol Infect Dis. 2013;1: 
69- 72.

 21. Trzcinski K, Cooper BS, Hryniewicz W, Dowson CG. Expression 
of resistance to tetracyclines in strains of methicillin- resistant 
Staphylococcus aureus. J Antimicrob Chemother. 2000;6:763- 770.

 22. Schwartz BS, Graber CJ, Diep BA, Basuino L, Perdreau- Remington 
F, Chambers HF. Doxycycline, not minocycline, induces its own re-
sistance in multidrug- resistant, community- associated methicillin- 
resistant Staphylococcus aureus clone USA300. Clin Infect Dis. 
2009;10:1483- 1484.

 23. Cattoir V. Mechanisms of antibiotic resistance. In: Ferretti JJ, 
Stevens DL, Fischetti VA, eds. Streptococcus pyogenes: Basic Biology 
to Clinical Manifestations [Internet]. Oklahoma City: University of 
Oklahoma Health Sciences Center; 2016.

 24. Fluit AC, van Gorkum S, Vlooswijk J. Minimal inhibitory concentra-
tion of omadacycline and doxycycline against bacterial isolates with 
known tetracycline resistance determinants. Diagn Microbiol Infect 
Dis. 2019;1:78- 80.

 25. Macone AB, Caruso BK, Leahy RG, et al. In vitro and in vivo an-
tibacterial activities of omadacycline, a novel aminomethylcycline. 
Antimicrob Agents Chemother. 2014;2:1127- 1135.

 26. Chen C, Hooper DC. Effect of Staphylococcus aureus Tet38 native 
efflux pump on in vivo response to tetracycline in a murine subcu-
taneous abscess model. J Antimicrob Chemother. 2018;3:720- 723.

 27. Li XZ, Plesiat P, Nikaido H. The challenge of efflux- mediated an-
tibiotic resistance in Gram- negative bacteria. Clin Microbiol Rev. 
2015;2:337- 418.

 28. Shlaes DM. An update on tetracyclines. Curr Opin Investig Drugs. 
2006;2:167- 171.

 29. Bai B, Lin Z, Pu Z, et al. In vitro activity and heteroresistance of oma-
dacycline against clinical Staphylococcus aureus isolates from China 
reveal the impact of omadacycline susceptibility by branched- chain 
amino acid transport system II carrier protein, Na/Pi cotransporter 
family protein, and fibronectin- binding protein. Front Microbiol. 
2019;10:2546. https://doi.org/10.3389/fmicb.2019.02546

 30. Clinical and Laboratory Standards Institute (CLSI). Performance 
Standards for Antimicrobial Susceptibility Testing. 28th ed. 
CLSI supplement M100 (ISBN 1- 56238- 838- X [Print]; ISBN 
1- 56238- 839- 8 [Electronic]). Clinical and Laboratory Standards 
Institute, 950 West Valley Road, Suite 2500, Wayne, Pennsylvania 
19087 USA; 2018.

 31. European Committee on Antimicrobial Susceptibility Testing 
Breakpoint tables for interpretation of MICs and zone diameters 
Version 11.0, valid from 2021- 01- 01. https://www.eucast.org/filea 
dmin/src/media/ PDFs/EUCAST_files/ Break point_table s/v_11.0_
Break point_Tables.pdf

 32. Antibacterial Susceptibility Test Interpretive Criteria (FDA). https://
www.fda.gov/drugs/ devel opmen t- resou rces/antib acter ial- susce 
ptibi lity- test- inter preti ve- criteria

 33. Huband MD, Pfaller MA, Shortridge D, Flamm RK. Surveillance 
of omadacycline activity tested against clinical isolates from the 
United States and Europe: results from the SENTRY Antimicrobial 
Surveillance Programme. J Glob Antimicrob Resist. 2017;2019:56- 63.

https://orcid.org/0000-0002-4730-0655
https://orcid.org/0000-0002-4730-0655
https://www.cdc.gov/hai/eip/pdf/2016-MRSA-Report-508.pdf
https://www.cdc.gov/hai/eip/pdf/2016-MRSA-Report-508.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/017377s068s073lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/017377s068s073lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/017377s068s073lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/050162s085lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/050162s085lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/021130s016,021131s013,021132s014lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/021130s016,021131s013,021132s014lbl.pdf
https://doi.org/10.1042/BSR20171125
https://doi.org/10.1042/BSR20171125
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/205435s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/205435s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/205435s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/209816_209817lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/209816_209817lbl.pdf
https://doi.org/10.3389/fmicb.2019.02546
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_11.0_Breakpoint_Tables.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_11.0_Breakpoint_Tables.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_11.0_Breakpoint_Tables.pdf
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria


930  |    BIDELL anD LODISE

 34. Sader HS, Streit JM, Carvalhaes CG, Huband MD, Pfaller MA. 
Frequency and antimicrobial susceptibility of bacterial isolates 
from patients hospitalised with community- acquired skin and 
skin- structure infection in Europe, Asia and Latin America. J Glob 
Antimicrob Resist. 2019;17:103- 108.

 35. Pfaller MA, Huband MD, Shortridge D, Flamm RK. Surveillance 
of omadacycline activity tested against clinical isolates from 
the United States and Europe as part of the 2016 SENTRY anti-
microbial surveillance program. Antimicrob Agents Chemother. 
2018;62(4):e02327- 17. https://doi.org/10.1128/AAC.02327 - 17

 36. Sader HS, Mendes RE, Streit JM, Flamm RK. Antimicrobial sus-
ceptibility trends among Staphylococcus aureus isolates from 
U.S. hospitals: results from 7 years of the Ceftaroline (AWARE) 
Surveillance Program, 2010 to 2016. Antimicrob Agents Chemother. 
2017;61(9):e01043- 17. https://doi.org/10.1128/AAC.01043 - 17

 37. Tarnberg M, Nilsson LE, Dowzicky MJ. Antimicrobial activity 
against a global collection of skin and skin structure pathogens: 
results from the Tigecycline Evaluation and Surveillance Trial 
(T.E.S.T.), 2010– 2014. Int J Infect Dis. 2016;49:141- 148.

 38. Pfaller MA, Huband MD, Shortridge D, Flamm RK. Surveillance 
of omadacycline activity tested against clinical isolates from the 
United States and Europe: report from the SENTRY antimicrobial 
surveillance program, 2016 to 2018. Antimicrob Agents Chemother. 
2020;64 (5):e02488- 19. https://doi.org/10.1128/AAC.02488 - 19

 39. Pfaller MA, Huband MD, Rhomberg PR, Flamm RK. Surveillance of 
omadacycline activity against clinical isolates from a global collec-
tion (North America, Europe, Latin America, Asia- Western Pacific), 
2010– 2011. Antimicrob Agents Chemother. 2017;61(5):2010- 2011.

 40. Jones RN, Wilson ML, Weinstein MP, Stilwell MG, Mendes RE. 
Contemporary potencies of minocycline and tetracycline HCL 
tested against Gram- positive pathogens: SENTRY Program results 
using CLSI and EUCAST breakpoint criteria. Diagn Microbiol Infect 
Dis. 2013;4:402- 405.

 41. Schmitz FJ, Krey A, Sadurski R, et al. Resistance to tetra-
cycline and distribution of tetracycline resistance genes in 
European Staphylococcus aureus isolates. J Antimicrob Chemother. 
2001;2:239- 240.

 42. Borbone S, Lupo A, Mezzatesta ML, Campanile F, Santagati M, 
Stefani S. Evaluation of the in vitro activity of tigecycline against 
multiresistant Gram- positive cocci containing tetracycline resis-
tance determinants. Int J Antimicrob Agents. 2008;3:209- 215.

 43. Chochua S, Metcalf BJ, Li Z, et al. Population and whole ge-
nome sequence based characterization of invasive group A 
Streptococci recovered in the United States during 2015. Mbio. 
2017;8(5):e01422- 17. https://doi.org/10.1128/mBio.01422 - 17

 44. Agwuh KN, MacGowan A. Pharmacokinetics and pharmacody-
namics of the tetracyclines including glycylcyclines. J Antimicrob 
Chemother. 2006;2:256- 265.

 45. Rodvold KA, Burgos RM, Tan X, Pai MP. Omadacycline: a review 
of the clinical pharmacokinetics and pharmacodynamics. Clin 
Pharmacokinet. 2020;4:409- 425.

 46. Garraffo R, Dellamonica P, Fournier JP, et al. Effects of rifampi-
cin on the pharmacokinetics of doxycycline. Pathol Biol. 1987;5(Pt 
2):746- 749.

 47. https://www.acces sdata.fda.gov/drugs atfda_docs/label/ 2008/ 0 5 0 7 
9 5s005 lbl.pdf

 48. Saivin S, Houin G. Clinical pharmacokinetics of doxycycline and mi-
nocycline. Clin Pharmacokinet. 1988;6:355- 366.

 49. Welling PG, Koch PA, Lau CC, Craig WA. Bioavailability of tetracy-
cline and doxycycline in fasted and nonfasted subjects. Antimicrob 
Agents Chemother. 1977;3:462- 469.

 50. https://www.acces sdata.fda.gov/drugs atfda_docs/label/ 2010/ 05 0 6 
4 9 023l bl.pdf

 51. Villano SJ, Tzanis E, Tanaka SK. In vitro protein binding with oma-
dacycline, a first in class aminomethylcycline antibiotic [poster no. 

5180]. 2016. American Society of Microbiology Microbe Annual 
Meeting; Boston.

 52. Lakota EA, Van Wart SA, Trang M, et al. Population pharma-
cokinetic analyses for omadacycline using phase 1 and 3 data. 
Antimicrob Agents Chemother. 2020;64(7):e02263- 19. https://doi.
org/10.1128/AAC.02263 - 19

 53. Tzanis E, Manley A, Villano S, Tanaka SK, Bai S, Loh E. Effect of food 
on the bioavailability of omadacycline in healthy participants. J Clin 
Pharmacol. 2017;3:321- 327.

 54. Nuzyra (omadacycline) prescribing information; 2019. https://www.
acces sdata.fda.gov/drugs.atfda docs/label/ 2018/209816_20981 
7lbl.pdf

 55. Macdonald H, Kelly RG, Allen ES, Noble JF, Kanegis LA. 
Pharmacokinetic studies on minocycline in man. Clin Pharmacol 
Ther. 1973;5:852- 861.

 56. Zhou J, Tran BT, Tam VH. The complexity of minocycline serum pro-
tein binding. J Antimicrob Chemother. 2017;6:1632- 1634.

 57. Bowker KE, Noel AR, MacGowan AP. Antibacterial effect of mi-
nocycline with or without rifampicin on MRSA strains studied in 
an in vitro pharmacokinetic model. In: Programs and Abstracts 
of the Forty fifth Interscience Conference on Antimicrobial 
Agents and Chemotherapy, Washington, DC, 2005. Abstract 
A- 443, p. 16. American Society for Microbiology, Washington, 
DC, USA.

 58. Lepak AJ, Zhao M, Marchillo K, VanHecker J, Andes DR. In 
vivo pharmacodynamic evaluation of omadacycline against 
Staphylococcus aureus in the neutropenic mouse pneumonia model. 
Antimicrob Agents Chemother. 2020;64(2):e02058- 19. https://doi.
org/10.1128/AAC.02058 - 19

 59. Lepak AJ, Zhao M, Marchillo K, VanHecker J, Andes DR. In vivo 
pharmacodynamics of omadacycline against Staphylococcus au-
reus in the neutropenic murine thigh infection model. Antimicrob 
Agents Chemother. 2019;63(7):e00624- 19. https://doi.org/10.1128/
AAC.00624 - 19

 60. Lepak AJ, Zhao M, Marchillo K, VanHecker J, Andes DR. In vivo 
pharmacodynamic evaluation of omadacycline (PTK 0796) against 
Streptococcus pneumoniae in the Murine Pneumonia Model. 
Antimicrob Agents Chemother. 2017;61(5):e02368- 16. https://doi.
org/10.1128/AAC.02368 - 16

 61. Carris NW, Pardo J, Montero J, Shaeer KM. Minocycline as a sub-
stitute for doxycycline in targeted scenarios: a systematic review. 
Open Forum Infect Dis. 2015;2(4):ofv178.

 62. Ruhe JJ, Monson T, Bradsher RW, Menon A. Use of long- acting 
tetracyclines for methicillin- resistant Staphylococcus aureus in-
fections: case series and review of the literature. Clin Infect Dis. 
2005;10:1429- 1434.

 63. Ruhe JJ, Menon A. Tetracyclines as an oral treatment option for pa-
tients with community onset skin and soft tissue infections caused 
by methicillin- resistant Staphylococcus aureus. Antimicrob Agents 
Chemother. 2007;9:3298- 3303.

 64. Cenizal MJ, Skiest D, Luber S, et al. Prospective randomized trial 
of empiric therapy with trimethoprim- sulfamethoxazole or dox-
ycycline for outpatient skin and soft tissue infections in an area 
of high prevalence of methicillin- resistant Staphylococcus aureus. 
Antimicrob Agents Chemother. 2007;7:2628- 2630.

 65. Barnes EV 2nd, Dooley DP, Hepburn MJ, Baum SE. Outcomes of 
community- acquired, methicillin- resistant Staphylococcus aureus, 
soft tissue infections treated with antibiotics other than vancomy-
cin. Mil Med. 2006;6:504- 507.

 66. Keeney RE, Seamans ML, Russo RM, Gururaj VJ, Allen JE. The com-
parative efficacy of minocycline and penicillin- V in Staphylococcus 
aureus skin and soft tissue infections. Cutis. 1979;5:711- 718.

 67. O'Riordan W, Cardenas C, Shin E, et al. Once- daily oral omada-
cycline versus twice- daily oral linezolid for acute bacterial skin 
and skin structure infections (OASIS- 2): a phase 3, double- blind, 

https://doi.org/10.1128/AAC.02327-17
https://doi.org/10.1128/AAC.01043-17
https://doi.org/10.1128/AAC.02488-19
https://doi.org/10.1128/mBio.01422-17
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/050795s005lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/050795s005lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/050649023lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/050649023lbl.pdf
https://doi.org/10.1128/AAC.02263-19
https://doi.org/10.1128/AAC.02263-19
https://www.accessdata.fda.gov/drugs.atfdadocs/label/2018/209816_209817lbl.pdf
https://www.accessdata.fda.gov/drugs.atfdadocs/label/2018/209816_209817lbl.pdf
https://www.accessdata.fda.gov/drugs.atfdadocs/label/2018/209816_209817lbl.pdf
https://doi.org/10.1128/AAC.02058-19
https://doi.org/10.1128/AAC.02058-19
https://doi.org/10.1128/AAC.00624-19
https://doi.org/10.1128/AAC.00624-19
https://doi.org/10.1128/AAC.02368-16
https://doi.org/10.1128/AAC.02368-16


    |  931BIDELL anD LODISE

multicentre, randomised, controlled, non- inferiority trial. Lancet 
Infect Dis. 2019;10:1080- 1090.

 68. O’Riordan W, Green S, Overcash JS, et al. Omadacycline for 
acute bacterial skin and skin- structure infections. N Engl J Med. 
2019;6:528- 538.

 69. Cunha BA. Minocycline is a reliable and effective oral option to 
treat meticillin- resistant Staphylococcus aureus skin and soft- tissue 
infections, including doxycycline treatment failures. Int J Antimicrob 
Agents. 2014;4:386- 387.

 70. Abrahamian FM, Sakoulas G, Tzanis E, et al. Omadacycline for 
acute bacterial skin and skin structure infections. Clin Infect Dis. 
2019;69(Suppl 1):S23- S32.

 71. Pfaller MA, Rhomberg PR, Huband MD, Flamm RK. Activities of 
omadacycline and comparator agents against Staphylococcus aureus 

isolates from a surveillance program conducted in North America 
and Europe. Antimicrob Agents Chemother. 2017;61(3):e02411- 16. 
https://doi.org/10.1128/AAC.02411 - 16

How to cite this article: Bidell MR, Lodise TP. Use of oral 
tetracyclines in the treatment of adult outpatients with skin 
and skin structure infections: Focus on doxycycline, 
minocycline, and omadacycline. Pharmacotherapy. 
2021;41:915– 931. https://doi.org/10.1002/phar.2625

https://doi.org/10.1128/AAC.02411-16
https://doi.org/10.1002/phar.2625

