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Solithromycin is a new fluoroketolide. The purpose of the present study was to investigate the effect of orally administered soli-
thromycin on the human oropharyngeal and intestinal microbiota. Thirteen healthy volunteers (median age, 27.3 years) received
oral solithromycin at 800 mg on day 1 followed by 400 mg daily on days 2 to 7. Fecal and saliva samples were collected at baseline
and on days 2, 5, 7, 9, 14, and 21 for pharmacokinetic and microbiological analyses. Plasma samples were collected predose on
days 2, 5, and 7 as proof of exposure, and solithromycin concentration ranges were 21.9 to 258 ng/ml, 18.0 to 386 ng/ml, and 16.9
to 417 ng/ml, respectively. The solithromycin concentrations in feces were 15.8 to 65.4 mg/kg, 24.5 to 82.7 mg/kg, 21.4 to 82.7
mg/kg, 12.1 to 72.4 mg/kg, 0.2 to 25.6 mg/kg, and 0 to 0.5 mg/kg on days 2, 5, 7, 9, 14, and 21, respectively. The numbers of enter-
obacteria and enterococci decreased and were normalized on day 14. The numbers of lactobacilli and bifidobacteria decreased
from day 2 to day 14 and were normalized on day 21. The clostridia decreased on days 2, 7, and 14 and were normalized on day
21. No Clostridium difficile strains or toxins were detected during the study period. The number of Bacteroides strains was
not significantly changed. The solithromycin concentrations in saliva were 0 to 1.2 mg/liter, 0 to 0.5 mg/liter, 0 to 0.5 mg/liter,
and 0 to 0.1 mg/liter on days 2, 5, 7, and 9, respectively. The numbers of streptococci decreased on day 2 and were normalized on
day 5. The numbers of lactobacilli, prevotellae, fusobacteria, and leptotrichiae decreased from day 2 and were normalized on
day 21.

Solithromycin is a new fluoroketolide in the macrolide class of
antibiotics. It is being developed as intravenous and oral for-

mulations for the treatment of patients with community-acquired
bacterial pneumonia (CABP) (1) and oral treatment of uncompli-
cated urogenital gonorrhea (2, 3). Solithromycin has activity
against macrolide-resistant CABP pathogens, including Strepto-
coccus pneumoniae, Staphylococcus aureus (including community-
acquired methicillin-resistant S. aureus [MRSA]), and Myco-
plasma pneumoniae and greater potency than other macrolides
against Legionella pneumophila (2, 4–8).

The normal microbiota acts as a barrier against colonization by
potentially pathogenic microorganisms and against overgrowth of
already-present opportunistic microorganisms. Administration
of antimicrobial agents, therapeutically or as prophylaxis, causes
disturbances in the ecological balance between the host and the
normal microbiota. Knowledge about the interaction between an-
timicrobial agents and the normal microbiota gives the clinician
the possibility to choose agents associated with lesser degrees of
ecological disturbances. Consequently, the risk of development of
resistant strains and transfer of resistance elements between mi-
croorganisms is reduced. Consideration of the ecological conse-
quences is also an important step to prevent distribution of resis-
tant strains between persons. The extent to which disturbances
occur depends on the spectrum of the agent, the dose, the route of
administration, pharmacokinetic and pharmacodynamic proper-
ties, and in vivo inactivation of the agent (9).

The primary objective was to assess the impact of orally admin-
istered solithromycin on the oropharyngeal and intestinal micro-
biota during and after administration of 800 mg on day 1 followed
by 400 mg daily on days 2 through 7 to healthy volunteers.

The secondary objectives were to explore the potential for de-
velopment of resistance by measuring the susceptibility (MIC) of

colonizing bacterial strains before, during, and after administra-
tion of solithromycin and to correlate oropharyngeal and intesti-
nal microbiota patterns with solithromycin concentrations mea-
sured in saliva and feces.

MATERIALS AND METHODS
Study design. This was a phase 1, open-label, single-center study in 12
healthy volunteers (6 males and 6 females) who completed the study to
assess the impact of solithromycin on the oropharyngeal and intestinal
microbiota during and after oral administration of 800 mg on day 1 fol-
lowed by 400 mg daily on days 2 through 7. Subjects provided saliva and
fecal samples at baseline and on days 2, 5, 7, 9, 14, and 21 for pharmaco-
kinetic and microbiological assays. Solithromycin plasma concentrations
on days 2, 5, and 7 were measured predose to provide proof of exposure.

Volunteers. Thirteen healthy volunteers were included in the study.
Volunteers were recruited through information about the study on the
Clinical Pharmacology Trial Unit website of the Karolinska University
Hospital (Stockholm, Sweden). A physical examination was carried out
on each volunteer at the screening visit and included measurements of
blood pressure, heart rate, and clinical laboratory tests as well as an inter-
view on medical and surgical history. Inclusion criteria for men and
women were age 18 to 45 years and normal findings in the medical history
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and physical examination. Each volunteer had a body mass index (BMI)
between 19 and 30 kg/m2. The female subjects had no childbearing po-
tential or were willing to take adequate contraceptive measures during the
entire study period and for 30 days after completion of the study. The
volunteers had to adhere to the visit schedule and concomitant therapy
prohibitions and had to be compliant with the treatment (assessed at the
screening visit). Volunteers understood and signed an informed consent
form at the screening visit prior to any investigational procedure.

Exclusion criteria. Exclusion criteria were as follows: underlying
known or previous clinically significant oncologic, pulmonary, hepatic,
gastrointestinal, cardiovascular, hematologic, metabolic, neurological,
immunologic, nephrologic, endocrine, or psychiatric disease or current
infection; women who were lactating or intended to conceive a child
within the 6 months following the baseline visit; a surgical or medical
condition with a history of predisposition to candidiasis overgrowth,
known or suspected achlorhydria, and (within the previous 3 months)
postantibiotic colitis or systemic antibiotic treatment; any condition pos-
sibly affecting drug absorption, such as gastrectomy, cholecystectomy,
and surgery that bypasses or excludes the duodenum; persons with known
intolerance or hypersensitivity to macrolide antibiotics (clarithromycin,
azithromycin, telithromycin, or erythromycin) or who had received an
investigational drug or participated in another research study within 3
months before the screening visit; a history of drug or alcohol abuse
within the previous 2 years; persons who had used prescription drugs or
herbal supplements within 14 days before the first dose of study drug
(exceptions included hormonal contraceptives or hormone replacement
therapy starting at least 3 months before the first dose of the study drug);
use of any nonprescription medications, vitamins, or dietary supplements
within 7 days of administration of the first dose of the study drug, unless
prior approval was granted by both the investigator and sponsor (ex-
cluded from this list were intermittent use of ibuprofen, naproxen, or �2
g/day of acetaminophen [paracetamol]); consumption of Seville oranges
or products containing Seville orange components, grapefruit, grapefruit
juice, or juices containing grapefruit, within 14 days before the first dose
of the study drug; presence of corrected Q-T interval (QTc) greater than
450 ms for males and 470 ms for females as corrected by the Fridericia
formula or heart rate of �45 bpm; and positive urine pregnancy test at the
screening visit or at baseline. Furthermore, persons with a positive test for
human immunodeficiency virus (HIV types 1 and 2), hepatitis B virus
surface antigen (HBsAg), or anti-hepatitis C virus (HCV) antibodies; a
positive urine drug screen at the screening visit or at baseline; or a clini-
cally significant laboratory abnormality at screening laboratory evalua-
tion were excluded as well as those likely to require treatment during the
study with drugs not permitted by the study protocol.

Approvals. The study protocol submitted to the Regional Ethics Com-
mittee in Stockholm (Stockholm, Sweden) and to the Medical Products
Agency (Uppsala, Sweden) was approved before starting the trial.

Collection of plasma samples. Blood samples for the determination
of solithromycin plasma concentrations were obtained predose on days 2,
5, and 7 as proof of exposure. The samples were collected into blood
collection tubes containing lithium-heparin as an anticoagulant and were
labeled appropriately. After collection, blood samples were immediately
put on ice and were centrifuged within 30 min at 1,500 � g for 10 min in
order to obtain plasma. Plasma samples were stored at �70°C within 30
min after centrifugation.

Collection of saliva and fecal samples. Saliva samples were collected
on days �1 (baseline), 2, 5, 7, 9, 14, and 21. Samples were collected before
any intake of food or beverage, tooth brushing, or (on days 2, 5, and 7)
study drug dosing. Fecal samples were collected on days �1 (baseline), 2,
5, 7, 9, 14, and 21. The first fecal specimen passed on a given day was
analyzed if several were produced that day. If no fecal specimen was passed
on a given day, the first subsequent specimen passed was kept. Fecal spec-
imens passed the previous evening may have been used for samples at
baseline and on days 9, 14, and 21. Saliva and fecal samples were collected
in sterile tubes and containers and frozen at �70°C on site until processed.

Determination of solithromycin in plasma. The predose plasma con-
centrations of solithromycin were used as proof of exposure. Plasma sam-
ples were assayed for solithromycin using a validated liquid chromatog-
raphy-tandem mass spectrometry (MS) method (limit of quantification,
10 �g/liter).

Determination of solithromycin in saliva and feces. The concentra-
tions of solithromycin in saliva samples and feces were determined micro-
biologically using the agar plate diffusion method. The test agar medium
was prepared with nutrient broth (BBL, Cockeysville, MD, USA) and
agarose (Sigma, St. Louis, MO, USA), and the indicator strain was Micro-
coccus luteus ATCC 9341 for saliva and feces (American Type Culture
Collection, Manassas, VA, USA). Samples were run in duplicate, and a
concomitant standard series was inoculated on each agar plate. The plates
were incubated aerobically for 24 h at 37°C. Concentrations of solithro-
mycin were determined relative to the diameters of the inhibition zones
caused by the corresponding concentrations from the standard series. The
detection limits were 0.064 mg/liter of saliva and 0.064 mg/kg of feces
(10).

Processing of specimens for microbiological analyses. Saliva and fe-
cal samples were suspended in prereduced peptone-yeast extract medium,
diluted 10-fold, and inoculated on nonselective and selective agars (10).
The aerobic agar plates were incubated for 24 h at 37°C, and anaerobic
plates were incubated for 48 h at 37°C in anaerobic jars (GasPak; BBL,
Cockeysville, MD, USA). Following incubation, different colony types
were counted, isolated in pure culture, and identified to genus level. The
lower limit of detection (LLD) for quantitative cultures was 100 CFU, i.e.,
log10 � 2. All isolates were identified according to Gram reaction and
colony morphology, followed by biochemical tests and matrix-assisted
laser desorption ionization–time of flight mass spectrometry (MALDI-
TOF MS) (Bruker Biotyper). Anaerobic microorganisms were identified
by gas chromatographic analysis of metabolites from glucose or by
MALDI-TOF MS. All fecal samples were analyzed for Clostridium difficile,
including the predose samples, for which a real-time PCR (RT-PCR) for
the toxin B gene (GenomEra Clostridium difficile assay; Abacus Diagnos-
tica, Turku, Finland) was used.

Antibiotic susceptibility tests. The MICs of solithromycin were de-
termined for new colonizing strains with MICs of �8 mg/liter from the
saliva and fecal samples by the agar dilution method (11, 12). The final
inoculum for aerobic bacteria was 104 CFU per spot, and that for anaer-
obic bacteria was 105 CFU per spot. Inoculated plates were incubated for
24 h (aerobic bacteria) and 48 h (anaerobic bacteria). Reference strains
were Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213,
Enterococcus faecalis ATCC 29212, Bacteroides fragilis ATCC 25285, and
Clostridium difficile ATCC 700057. The MIC was defined as the lowest
concentration of the drug that inhibited growth completely.

Safety. The following safety assessments were performed: physical ex-
amination, vital signs, electrocardiogram, adverse event (AE) monitoring,
and monitoring of clinical laboratory parameters. The investigator was
responsible for necessary acute medical treatment of any adverse event
during the trial and ensured that appropriate medical care was maintained
thereafter, if necessary.

Statistical methods. Descriptive statistics and individual case analyses
were used. For quantitation of viable counts, the numbers of CFU were
determined as log10 CFU per gram of feces. A CFU value of �2 log10 was
considered below the limit of detection. For calculations, a CFU number
below the detection limit was set to zero. Genus-/species-specific changes
in viable counts within the entire study population were analyzed to eval-
uate the ecological impact on the microbiota.

RESULTS
Volunteers. Thirteen volunteers were enrolled, with 1 subject re-
placed and 12 completing the study. The age range of the subjects
was 19 to 41 years (mean age, 27.3 years). The mean height was
174.7 cm (range, 161 to 190 cm), the mean weight was 70.2 kg
(range, 61.5 to 86.9 kg), and the mean body mass index (BMI) was
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23.2 kg/m2 (range, 20.7 to 26.6 kg/m2). One female subject re-
ceived another antibiotic during the study, and this subject is in-
cluded in safety analyses but not in microbiological analyses.
Twelve subjects completed the study and are included in these
microbiological results.

Effect of solithromycin on the aerobic intestinal microbiota.
Figure 1 shows the effect of solithromycin on the aerobic intestinal
microbiota. The number of E. coli strains decreased during the
administration of solithromycin and was normalized on day
14. The number of other enterobacteria decreased also during
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FIG 1 Effect of solithromycin oral administration (800 mg on day 1 followed by 400 mg daily on day 2 through day 7) on the intestinal aerobic microbiota of 12
healthy volunteers. The solid line represents the median value of log CFU/gram of feces.
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the administration of solithromycin. The number of entero-
cocci decreased from day 2 to day 9 and was normalized on day
14. The number of Candida strains was not changed during the
study.

Effect of solithromycin on the anaerobic intestinal micro-
biota. Figure 2 shows the effect of solithromycin on the anaer-
obic intestinal microbiota. The number of lactobacilli de-

creased from day 2 to day 14 and was normalized on day 21.
The number of bifidobacteria decreased on day 2 and was not
normalized until day 21. There was a decrease of Clostridium
strains on day 2 and days 7 to 14. At day 21, clostridia were nor-
malized. No C. difficile strains or toxins were detected. The num-
ber of Bacteroides strains was not significantly changed during
the study.
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FIG 2 Effect of solithromycin oral administration (800 mg on day 1 followed by 400 mg daily on day 2 through day 7) on the intestinal anaerobic microbiota of
12 healthy volunteers. The solid line represents the median value of log CFU/gram of feces.
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FIG 3 Effect of solithromycin oral administration (800 mg on day 1 followed by 400 mg daily on day 2 through day 7) on the oropharyngeal aerobic microbiota
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Effect of solithromycin on the aerobic oropharyngeal micro-
biota. Figure 3 shows the effect of solithromycin on the aerobic
oropharyngeal microbiota. The number of streptococci decreased
on day 2 and was normalized on day 5. No changes in the numbers
of micrococci, coagulase-negative staphylococci, or Neisseria or
Candida strains were observed during the study period.

Effect of solithromycin on the anaerobic oropharyngeal mi-
crobiota. Figure 4 shows the effect of solithromycin on the anaer-
obic oropharyngeal microbiota. The number of lactobacilli was
partly affected during the study period. The number of Prevotella
strains decreased from day 2 to day 14 and was normalized on day
21. Fusobacterium strains decreased on days 2 to 9 and were nor-
malized by day 14. The number of Leptotrichia strains decreased
on days 7 to 14 and was normalized on day 21. No changes in the
numbers of Veillonella strains were observed during the study
period.

Plasma, saliva, and fecal concentrations of solithromycin.
The plasma concentrations of solithromycin determined by liquid
chromatography-mass spectrometry are shown in Table 1. On day
2, the mean predose plasma concentration of solithromycin was
130 ng/ml and the median concentration was 85.4 ng/ml (range,
21.9 to 258 ng/ml); on day 5, the mean predose plasma concen-
tration of solithromycin was 111 ng/ml and the median concen-
tration was 73.3 ng/ml (range, 18.0 to 386 ng/ml); on day 7, the
mean predose plasma concentration of solithromycin was 98.7
ng/ml and the median concentration was 61.6 ng/ml (range, 16.9
to 417 ng/ml).

The fecal concentrations of solithromycin as determined by
bioassay are shown in Table 2. None of the volunteers had any
detectable solithromycin on day �1. On day 2, the mean solithro-
mycin concentration was 42.7 mg/kg and the median was 43.5
mg/kg (range, 15.8 to 65.4 mg/kg), and on day 5, the mean soli-
thromycin concentration was 47.8 mg/kg and the median was 46.8
mg/kg (range, 24.5 to 82.7 mg/kg). On day 7, the mean solithro-
mycin concentration was 39.3 mg/kg and the median was 35.4
mg/kg (range, 21.4 to 82.7 mg/kg), and on day 9, the mean soli-
thromycin concentration was 33.1 mg/kg and the median was 24.9
mg/kg (range, 12.1 to 72.4 mg/kg). On day 14, the mean solithro-
mycin concentration was 3.7 mg/kg and the median was 0.9 mg/kg
(range, 0.2 to 25.6 mg/kg), and on day 21, the mean solithromycin
concentration was 0.2 mg/kg and the median was 0.1 mg/kg
(range, 0 to 0.5 mg/kg).

The saliva concentrations of solithromycin as determined by
bioassay are shown in Table 3. Peak saliva concentrations were
obtained on day 2, the mean solithromycin concentration was 0.5
mg/liter, and the median was 0.5 mg/liter (range, 0 to 1.2 mg/
liter).

New colonizing solithromycin-resistant bacteria in the oro-
pharyngeal and intestinal microbiota. All aerobic and anaerobic
bacterial isolates collected from solithromycin (8-mg/liter)-con-
taining agar plates were identified, and the MICs were deter-
mined. New colonizing bacterial isolates are shown in Table 4.

Safety and tolerability. Thirteen subjects (6 male and 7 fe-
male) received 7 doses of solithromycin (one 800-mg dose and six
400-mg doses). One subject received 6 doses of solithromycin
(one 800-mg dose and five 400-mg doses) due to missing the day
6 dose. This subject took a 400-mg dose on day 7 and was not
replaced, as this missed dose on day 6 was not expected to affect
the microbiological assessments. One female subject was treated

with another antibiotic for cystitis prior to the day 21 assessment
and was replaced with another subject.

There were no deaths, serious AEs (SAEs), or withdrawals due
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FIG 4 Effect of solithromycin oral administration (800 mg on day 1 followed
by 400 mg daily on day 2 through day 7) on the oropharyngeal anaerobic
microbiota of 12 healthy volunteers. The solid line represents the median value
of log CFU/milliliter of saliva.
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to AEs. Twelve (92.3%) subjects who received 800/400 mg
solithromycin reported at least one AE. The majority (76.9%) of
AEs were mild in intensity. The most frequently reported AEs
were diarrhea (53.8%), headache (30.8%), and nasopharyngitis
(30.8%).

The majority of AEs were associated with gastrointestinal dis-
orders (69.2%). Treatment-related AEs were reported by 84.6% of
subjects; most treatment-related AEs were mild, self-limiting ep-
isodes of diarrhea. One subject reported a severe AE of gastroen-
teritis that was considered related to solithromycin, occurring af-
ter completion of study drug dosing.

DISCUSSION

Most studies of the impact of antimicrobial agents on the normal
microbiota have been carried out on the intestinal microbiota.
Emergence of antimicrobial resistance frequently originates from
this dense microbial population, which also is an important
source of pathogens. A balanced microbiota is of importance to
reduce the opportunities for pathogens to become established and
to prevent colonization by resistant microbial strains. By using
antimicrobial agents that do not disturb colonization resistance,
the risk of emergence and spread of resistant strains between pa-
tients and dissemination of resistance determinants between mi-
croorganisms is reduced.

The factors of most importance for ecological disturbances by
antibacterial agents are not only the spectrum of the agents but
also their degree of absorption, route of elimination, and possible
enzymatic inactivation and/or binding to human fluids and intes-
tinal material. Knowledge of the potential of different antimicro-
bial agents to cause ecological disturbances in the normal micro-
biota is of great importance, although individual variations of
pharmacokinetics, composition, and susceptibility of the normal
microbiota and degree of inactivation further determine the eco-
logical outcome of antimicrobial therapy.

There have been several investigations examining the impact of
macrolides and ketolides on the intestinal and oropharyngeal mi-
crobiota (13–18).

In these investigations, erythromycin, dirithromycin, clari-
thromycin, roxithromycin, and telithromycin had effects on the
aerobic and anaerobic intestinal microbiota, i.e., E. coli, entero-
cocci, bifidobacteria, lactobacilli, clostridia, and bacteroides de-
creased during administration of the agents. New resistant strains,
mainly enterobacteria, enterococci, and bacteroides, were found
in most subjects. The present investigation shows the ecological
effect of solithromycin on the intestinal microbiota with similar
results as reported for the above-mentioned four macrolides and
one ketolide. Thus, the number of E. coli strains, other enterobac-
teria, enterococci, bifidobacteria, lactobacilli, and clostridia de-
creased while the number of bacteroides and Candida strains was
not significantly changed. The microbiological changes are due to
the fecal concentrations of solithromycin. No C. difficile strains or
toxins were detected. The protective role of Bacteroides spp.
against C. difficile in the intestinal microbiota is well known and
may explain this finding (19).

The impact on the oropharyngeal microbiota by solithromycin
administration was not as pronounced as the impact on the intes-
tinal microbiota. This finding is explained by the low concentra-
tion of solithromycin in saliva.

In conclusion, solithromycin has a similar ecological effect on

TABLE 3 Saliva concentrations of solithromycin in 12 healthy
volunteers receiving 800 mg solithromycin orally on day 1 followed by
400 mg solithromycin orally on day 2 through day 7

Day

Solithromycin concn (mg/liter)

Mean Median Range SD

�1 0 0 0 0
2 0.5 0.5 0–1.2 0.4
5 0.2 0.1 0–0.5 0.2
7 0.1 0 0–0.5 0.2
9 0 0 0–0.1 0
14 0 0 0 0
21 0 0 0 0

TABLE 4 MICs of solithromycin for new colonizing bacteria in 12
healthy volunteers receiving 800 mg solithromycin orally on day 1
followed by 400 mg solithromycin orally on day 2 through day 7

Bacterium No. of volunteers MIC (mg/liter)

Enterococcus spp. 2 16 to 32
Streptococcus spp. 2 32
Coagulase-negative staphylococci 9 32 to �256
Micrococcus spp. 1 32
Escherichia coli 2 8 to �256
Klebsiella spp. 3 16 to 32
Enterobacter spp. 2 8 to 32
Citrobacter spp. 1 16
Anaerobic cocci 1 128 to �256
Bifidobacterium spp. 2 64 to �256
Lactobacillus spp. 6 8 to �256
Clostridium spp. 7 8 to �256
Bacteroides spp. 5 8 to �256
Fusobacterium spp. 1 �256
Flavonifractor spp. 1 �256

TABLE 1 Solithromycin plasma concentrations in 13 healthy volunteers
given 800 mg solithromycin orally on day 1 followed by 400 mg
solithromycin orally on day 2 through day 7

Sample time
No. of
volunteers

Concn (ng/ml)

Mean Median Range

Day 2 predose 13 130 85.4 21.9–258
Day 5 predose 13 111 73.3 18.0–386
Day 7 predose 12a 98.7 61.6 16.9–417
a One subject missed taking the day 6 dose; therefore, the solithromycin concentration
at day 7 predose for that subject was excluded.

TABLE 2 Fecal concentrations of solithromycin in 12 healthy
volunteers receiving 800 mg solithromycin orally on day 1 followed by
400 mg solithromycin orally on day 2 through day 7

Day

Solithromycin concn (mg/kg of feces)

Mean Median Range SD

�1 0 0 0 0
2 42.7 43.5 15.8–65.4 17.7
5 47.8 46.8 24.5–82.7 17.9
7 39.3 35.4 21.4–82.7 17.1
9 33.1 24.9 12.1–72.4 20.2
14 3.7 0.9 0.2–25.6 7.2
21 0.2 0.1 0–0.5 0.2
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the normal human oropharyngeal and intestinal microbiota as
what has been reported for other macrolides.
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