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Omadacycline is an aminomethylcycline derivative of minocycline approved for
treatment of skin and soft tissue infections and community acquired bacterial pneumonia
and is under development for treatment of urinary tract infections. It is active against many
gram-positive and gram-negative bacteria, including Mycoplasma and Ureaplasma
species that exhibit tetracycline resistance. Mycoplasma genitalium is a cause of sexually
transmitted infections in men and women. Tetracycline and doxycycline historically work
poorly against this organism, and macrolides and fluoroquinolones resistance is rapidly
developing. Thus, new treatment options are needed to manage M. genitalium infections.
We performed in vitro susceptibility tests on M. genitalium (n = 10) that included reference
strains and clinical isolates using a broth microdilution MIC assay. Drugs tested included
omadacycline (OMA), minocycline (MIN), tetracycline (TET), doxycycline (DOX),
moxifloxacin (MOX), levofloxacin (LEV), and azithromycin (AZI). Results are in the table.

OMA was the most potent agent tested with all MICs < 0.5 µg/ml and values were not
affected by resistance to drugs in other classes. Four isolates, 3 of which were from a
single patient, had elevated MICs to AZI, LEV, MOX, and TET, but MICs for OMA, MIN,
and Dox remained low. These data suggest that OMA may be a potential treatment
alternative for M. genitalium infections that do not respond to other agents.

Mycoplasma genitalium is a cause of a variety of infections of the lower
urogenital tract in men and women, including urethritis and cervicitis with the
potential for development of adverse sequalae in the upper urinary tract,
including pelvic inflammatory disease (PID) (1). The 2021 CDC Guidelines for
treatment of M. genitalium infections describe various regimens of doxycycline,
azithromycin, and moxifloxacin, depending on whether resistance has been
documented and the nature of the illness (2). The increasingly common
problem of acquired resistance to macrolides and fluoroquinolones and poor
clinical efficacy with doxycycline underscore the urgent need for new
alternative treatments (3).

Omadacycline (9-neopentylaminomethylminocycline), is a semisynthetic
aminomethylcycline antibacterial agent that binds to the 30S ribosomal subunit
and blocks bacterial protein synthesis. Omadacycline is active against a broad
spectrum of Gram-positive and Gram-negative pathogens, some anaerobes,
as well as atypical bacteria including Legionella, Chlamydia, Mycoplasma
pneumoniae, Mycoplasma hominis, and Ureaplasma species (4-8). The C-7
modification of the tetracycline D-ring circumvents the tetracycline efflux pump
resistance mechanism (e.g., tetK), and the C-9 modification circumvents the
ribosomal protection resistance mechanism (e.g., tetM) (9). Clinical trials
confirmed the safety and efficacy of omadacycline for treatment of community
acquired bacterial pneumonia (CABP) and acute bacterial skin and soft tissue
infections (ABSSI) caused by susceptible organisms and the drug is FDA-
cleared and indicated for treatment of these entities (7,8). IV and oral
administration of omadacycline once daily result in urine concentrations that
exceed peak plasma concentrations that can be sustained over the 24-h
dosing interval (range, 17.94 to 48.12 μg/ml). A study of women with cystitis
treated with omadacycline IV followed by oral administration showed a
favorable clinical and microbiological response, suggesting omadacycline may
also be a useful drug for urinary tract infections (UTI) (10). The proportion of
the administered dose excreted in the urine, together with extensive tissue
distribution, and in vitro activity against other mycoplasmal species (6) suggest
that omadacycline may be beneficial in treatment of urogenital infections
caused by M. genitalium, especially those that are multidrug-resistant and for
which there are few other alternatives. Moreover, omadacycline is a derivative
of minocycline and the latter drug has been shown to effectively treat
multidrug-resistant M. genitalium infections after doxycycline failure (11).

Objectives

The aim of this in vitro study was to determine MICs for omadacycline along
with other drugs of the tetracycline class, azithromycin, and fluoroquinolones,
against a collection of M. genitalium reference strains and clinical isolates
including strains with well characterized resistance to agents in the
fluoroquinolone and macrolide classes.

Methods

Antimicrobial Agents
Antimicrobial agents were obtained in powdered form of known purity from their

manufacturers or from other commercial sources and dissolved in accordance with their
respective manufacturer's instructions. Stock solutions containing 1024 µg/ml of each agent
were prepared and used to make dilutions in 96-well microtiter plates for performance of MIC
assays. Drugs tested included omadacycline (OMA), minocycline (MIN), tetracycline (TET),
doxycycline (DOX), moxifloxacin (MOX), levofloxacin (LEV), and azithromycin (AZI).

MIC Assays
Inoculum preparation, broth microdilution assays to determine MICs, and the necessary

quality control procedures were performed by methods established for human mycoplasmas by
the Clinical Laboratory Standards Institute (CLSI) Guideline M43-A (12) using SP4 broth
prepared in the UAB Diagnostic Mycoplasma Laboratory. Some modifications to the
standardized CLSI procedures which were developed for Mycoplasma pneumoniae and
Mycoplasma hominis were necessary when working with M. genitalium due to its very slow
growth and fastidious nature. All organisms were stored frozen at – 80o C until thawed to room
temperature on the day of the procedure. M. genitalium ATCC reference strain 33530 (G-37)
which has reproducible MICs for tetracycline, azithromycin, levofloxacin, and moxifloxacin was
used for quality control. Additional quality control MICs were determined using M. hominis ATCC
23114, which has reproducible MICs and designated MIC reference ranges for various drugs to
make certain the MICs obtained for M. genitalium were valid.

Microorganisms
Clinical isolates of M. genitalium are extremely rare due to the difficulty in isolating them

from clinical specimens. Therefore, various reference strains, older stored isolates, as well as
some newer ones obtained from patients undergoing testing at the UAB Diagnostic
Mycoplasma Laboratory in recent years were used in this investigation. There were 3 multidrug-
resistant isolates obtained at different timepoints from an adult male with
hypogammaglobulnemia and other immunodeficiencies who had failed multiple treatments with
doxycycline, azithromycin, and moxifloxacin. There was an additional multidrug-resistant isolate
from another patient. For the 4 drug-resistant M. genitalium isolates mentioned above,
mutations in 23S rRNA associated with macrolide resistance and mutations in gyrA, gyrB, parC
and parE of the quinolone resistance determining regions in the bacterial chromosome were
determined by Sanger sequencing of the corresponding genes (13). 16S rRNA gene sequence
was tested as well (14). tetM element was tested by PCR (15). Results are summarized in Table
1.

Results and Conclusions 

Omadacycline powder was provided by Paratek Pharmaceuticals, Boston, MA.
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• While macrolide and fluoroquinolone resistance are well known in M. genitalium, and
poor clinical efficacy of azithromycin is directly related to elevated MICs, doxycycline
treatment outcomes have not been previously related to MIC values (16). In fact,
elevated MICs for drugs in the tetracycline class have not previously been described
in M. genitalium in vivo under naturally occurring conditions except for our previous
report in which one of the same isolates included in the present study was tested for
susceptibility to a synthetic tetracycline, eravacycline (17). Since the patient from
whom 3 tetracycline-resistant M. genitalium isolates were recovered had an impaired
humoral immune system and had received many months of antimicrobial treatments,
the occurrence of tetracycline resistance in this case was certainly due to antimicrobial
selective pressure. However, a previous study was unable to select for tetracycline-
resistant mutants of M. genitalium reference strains in vitro after 30 serial passages in
subinhibitory concentrations of tetracycline or doxycycline (18).

• The tetM sequence was not detected by PCR and thus the tetracycline resistance
observed in these 4 isolates was unrelated to ribosomal protection mediated by tetM,
which is responsible for tetracycline resistance in M. hominis and Ureaplasma species
(19). The resistance is also not associated with polymorphism in the 16S rRNA gene
because the only polymorphism (C1440T) identified was not in the region known to be
responsible for tetracycline resistance that has been described in Mycoplasma bovis
(20). The other possible mechanisms of tetracycline resistance are currently under
investigation.

• Minocycline is known to be more effective clinically than doxycycline against some
bacterial pathogens such as MRSA and Acinetobacter, despite having similar MIC
values; the advantage being possibly related to differing
pharmacokinetic/pharmacodynamic parameters and improved tissue penetration (21).
This may be an explanation for why minocycline has been shown to be effective in a
limited number of case reports treating M. genitalium infections in the setting of
doxycycline failure (11). However, we are unaware of any large-scale clinical studies
comparing these drugs with one another in management of M. genitalium infections.

• Omadacycline and minocycline MICs were in the range that should predict these
drugs to work against M. genitalium, especially since their urine concentrations are
much higher than the MICs. Whether there is a meaningful clinical difference between
them is not known.

• These data suggest that omadacycline may be a potential treatment alternative for M. 
genitalium infections that do not respond to other agents and justifies clinical studies 
to investigate this possibility.Figure 1. The distribution of MICs for the 4 drugs in the

tetracycline class showed that omadacycline inhibited growth
of M. genitalium at lower concentrations than the other three
agents in this class. All 10 isolates were inhibited at MICs < 0.5
µg/ml for omadacycline, versus 1µg/ml for minocycline, 2
µg/ml for doxycycline, and 16 µg/ml for tetracycline.

MICs  OMA MIN TET DOX AZI LEV MOX 

Range 0.063 – 0.5 0.063-1 0.5 - 16 0.125 - 2 < 0.004-16 0.25 - 8 0.025 - 2 

MIC50 0.125 0.25 1 0.25 < 0.004 2 0.125 

MIC90 0.25 0.5 16 1 4 8 4 

 

Table 2

a Isolates obtained at different timepoints from the same patient 

WT = wild type, no mutations  

ATCC = American Type Culture Collection 

Yellow highlight indicates MICs that might be considered resistant if breakpoints were 
established. 

Table 1. MIC Data for M. genitalium (n = 10)

 

Strain Year  Body 
Site 

MICs for Antimicrobial Agents (µg/ml) Mutations conferring macrolide and fluoroquinolone resistance 
OMA MIN TET DOX AZI LEV MOX 16S rRNA 23S rRNA gyrA gyrB parC parE 

ATCC 33530-
G37 control  

1980 urethra 0.125 0.125 0.5 0.125 < 0.004 1 0.125       

JB 1980 urethra 0.5 0.25 0.5 0.125 < 0.004 1 0.063       
ATCC 19896-
TW10 

1974-
75 

throat 0.25 0.25 1 0.25 < 0.004 2 0.125       

ATCC 
49897-R32G 

1974-
75 

throat 0.25 0.125 0.5 0.125 < 0.004 2 0.063       

ATCC 49898- 
TW48-5G 

1974-
75 

throat 0.125 0.25 0.5 0.25 < 0.004 1 0.125       

ATCC 49895 -
M30 

1980 urethra 0.063 0.063 0.5 0.125 < 0.004 2 0.063       

M2341 1991 urethra 0.125 0.25 4 0.25 < 0.004 0.25 0.032       
UAB-73697a 2018 urine 0.125 1 8 0.5 4 8 2 C1440T A2072G WT C1384T 

(P462S) 
G248T (S83I)  WT 

UAB-75956a 2020 urine 0.125 0.5 16 2 16 8 4 C1440T A2072G WT C1384T 
(P462S) 

G248T (S83I)  WT 

UAB-84535a 2021 urine 0.063 0.25 16 1 2 4 2 C1440T A2072G WT C1384T 
(P462S) 

G248T (S83I)  WT 

UAB-84211 2020 urine 0.063 0.25 8 0.5 4 8 4 WT A2071G G295T 
(D99Y) 

A1483G 
(I495V) 

G248T (S83I) WT 

MIC data for all drugs tested against each M. genitalium isolate are shown 
individually in Table 1. MIC summaries are shown in Table 2 and the overall 
distribution of MICs at each concentration for all 10 isolates is shown in Figure 1.  

• Omadacycline was the most potent agent tested against 10 M. genitalium 
isolates with all MICs < 0.5 µg/ml, MIC50 = 0.125 µg/ml, and MIC90 = 0.25 
µg/ml (Table 2).  

• Four isolates (highlighted in yellow in Table 1), 3 of which were recovered from 
a single patient at different timepoints, had multiple mutations conferring 
resistance to azithromycin (MICs = 2-16 µg/ml), levofloxacin (MICs = 4-8 
µg/ml), moxifloxacin (MICs = 2-4 µg/ml). Tetracycline MICs (8-16 µg/ml) were 
also 2-16-fold higher than corresponding MICs for tetracycline-susceptible 
isolates. Omadacycline MICs (0.063-0.125 µg/ml) were unaffected by these 
other resistance phenotypes.  
 

• Minocycline MICs (0.25µg/ml) for 2 of the 4 multidrug-resistant isolates were 
similar to those obtained for the other 6 isolates, but the other 2 multidrug-
resistant isolates had minocycline MICs of 0.5 – 1 µg/ml which were 2-4-fold 
higher than the highest minocycline MIC for tetracycline-susceptible isolates. 
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