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Abstract

Iclaprim is a diaminopyrimidine, which inhibits bacterial dihydrofolate reductase, and
surveillance data prior to 2006 suggested that iclaprim was active against Gram-positive
pathogens including emerging drug-resistant pathogens. In an era of increasing antimicrobial
resistance, we undertook testing iclaprim and comparators against 931 Gram-positive clinical
isolates from the United States and Europe collected between 2015-2016. Susceptibility testing
was performed according to the Clinical and Laboratory Standards Institute (CLSI) guidelines.
Minimum inhibitory concentration (MIC) interpretations were based on CLSI and European
Committee on Antimicrobial Susceptibility Testing (EUCAST) criteria. MICs0/MICoo was
0.03/0.12 for all Staphylococcus aureus, 0.06/0.06 for methicillin susceptible S. aureus,

0.03/0.12 for methicillin resistant S. aureus, 0.12/0.5 for Streptococcus agalactiae, <0.015/ <
0.015 for Streptococcus anginosus, 0.03 / 0.06 for Streptococcus dysgalactiae, and <0.015 /0.03

ung/mkL for Streptococcus pyogenes. Iclaprim was active against a contemporary collection
(2015-2016) of Gram-positive bacteria isolated from the skin or soft tissue from patients with

SSSI from the United States and Europe.

Keywords: iclaprim, surveillance, skin, soft tissue, in vitro

Key words: 159
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Introduction

Bacterial skin and soft tissue infections (SSTIs) are one of the most common causes of
infection in patients of all ages (Stevens et al., 2014). In particular, these infections represent the
most common infection type presenting in patients visiting emergency rooms and account for a
substantial portion of hospital admissions (Stevens et al., 2014; Tognetti et al., 2012). Gram-
positive bacteria are the most frequently isolated etiology of skin infections, occurring in more
than 80% of ABSSSI cases, with S. aureus the most common pathogen as the cause of wound

infections, abscesses, and cellulitis (Tognetti et al., 2012).

In 2014, the Infectious Diseases Society of America (IDSA) issued a practice guideline to
provide recommendations for the diagnosis and management of SSTIs (Stevens et al., 2014). The
recommendations were issued in response to the dramatic increase in the frequency and severity
of these types of infections and the emergence of pathogens that are resistant to many of the
antimicrobial agents commonly used to treat these infections. There are many antibiotics
approved for the treatment of SSTIs, but all have safety concerns or reported resistant pathogens
(Steinkraus et al., 2007; Sanchez Garcia et al., 2010; Mishra et al., 2012; Steenbergen et al., 2005;
Long et al., 2014). Therefore, there is a medical need for a well-tolerated antimicrobial agent
with rapid bactericidal action with activity against MRSA and other Gram-positive pathogens,

with an alternative mode of action, which is not cross-resistant to available antibiotics.

Iclaprim is a diaminopyrimidine, which inhibits bacterial dihydrofolate reductase (DHFR)
and is active against emerging drug-resistant pathogens (Sader et al., 2009; Schneider et al.,
2003). Itis in the same class as trimethoprim, the only FDA approved dihydrofolate reductase
inhibitor. Iclaprim was designed to be more active than trimethoprim and overcome

trimethoprim resistance among Gram-positive pathogens (Oefner et al., 2009). In addition,
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iclaprim does not need to be combined with a sulfonamide, which is commonly associated with
adverse events including renal toxicity, hepatotoxicity, blood dyscrasias, anaphylaxis, and
hypersensitivity reactions. Iclaprim exhibits in vitro activity against Gram-positive pathogens
such as Staphylococcus aureus and beta-hemolytic streptococci (BHS), including resistant
phenotypes that cause SSSI (Sader et al., 2009; Morrissey et al., 2009). In a Phase 3 clinical trial,
iclaprim has shown clinical cure rates comparable to vancomycin among patients treated for
SSSI (Huang et al., 2017). Because of these findings, iclaprim is potentially well suited for
treating patients with SSSI caused by or suspected Gram-positive bacteria, including multidrug
resistant pathogens and is presently in Phase 3 clinical development for the treatment of acute
bacterial skin and skin structure infections (ABSSSI). In an era of increasing antimicrobial
resistance, we report contemporary surveillance data on 931 methicillin susceptible S. aureus
(MSSA), methicillin resistant S. aureus (MRSA), S. agalactiae, S. anginosus, S. dysgalactiae,
and S. pyogenes isolated from the skin or soft tissue from patients with SSSI in the United States

and Europe.

Materials and Methods
Collection of bacterial isolates

A total of 931 non-duplicative, non-consecutive isolates of methicillin susceptible S.
aureus (n=314), methicillin resistant S. aureus (n=304), S. pyogenes (n=159), S. agalactiae
(n=100), S. dysaglactiae (n=40), and S. anginosus (n=14) were collected from skin or soft tissue
from patients with SSSI in multiple locations in the US and EU between 2016-2016. Clinical
isolates were identified by the submitting laboratories and confirmed by IHMA Laboratories

using the Bruker Matrix-Assisted Laser Desorption Ionization-Time Of Flight Mass
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Spectrometry (MALDI-TOF) biotyper for all isolates. The distribution of pathogens by country
are shown in Table 1. Of the 931 isolates, 467 (50.2%) were collected from North America and

464 (49.8%) from Europe.

Susceptibility testing

Antibacterial susceptibility testing was conducted by IHMA Laboratories (Monthey,
Switzerland). Susceptibility testing was performed by broth microdilution in accordance with
the Clinical and Laboratory Standards Institute (CLSI) guidelines M07-A10 (2015) and the
standard operating procedures at IHMA laboratories. Minimum Inhibitory Concentration (MIC)
interpretations were based on CLSI and European Committee on Antimicrobial Susceptibility
Testing (EUCAST) criteria (2015). There are no published breakpoints for iclaprim. S. aureus,
both methicillin-susceptible and methicillin-resistant, were tested in cation-adjusted Mueller-
Hinton broth (CA-MHB) and Streptococci were tested in CA-MHB supplemented with 5% lysed
horse blood. Quality controls and interpretation of results were performed in accordance with
CLSIM100 (2017). QC ranges for iclaprim were those approved by CLSI and published in
M100. Iclaprim and comparator antibiotic MIC results were within the CLSI published ranges
against S. aureus ATCC 29213 and S. pneumoniae ATCC 49619. Isolates were tested with MIC
panels (ThermoFisher Scientific, Cleveland, OH, USA) of comparator antibiotics (trimethoprim-
sulfamethoxazole, erythromycin, clindamycin, gentamicin, cefoxitin, penicillin G, levofloxacin,
tetracycline, vancomycin, linezolid, and daptomycin against S. aureus and ceftriaxone,
meropenem, ampicillin, azithromycin, clindamycin, trimethoprim-sulfamethoxazole,

levofloxacin, tetracycline, linezolid, and penicillin G against Streptococci).
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Results
Iclaprim and comparator activity against Gram-positive pathogens from 2015-2016

Iclaprim demonstrated antimicrobial activity against key Gram-positive pathogens,
including strains with resistant phenotypes, isolated from the skin or soft tissue from patients
with SSSI. Table 2 shows the in vitro activity of iclaprim and comparators against S. aureus,
methicillin susceptible S. aureus, methicillin resistant S. aureus, S. agalactiae, S. anginosus, S.
dysgalactiae, and S. pyogenes. Table 3 shows the cumulative percentage of isolates inhibited at

each iclaprim MIC value. Iclaprim MIC values ranged from <0.015 to >32 ug/mL. MIC values

were similar to trimethoprim-sulfamethoxazole (TMS).

Iclaprim and comparator activity against S. aureus
Table 2 shows iclaprim exhibited activity against all 618 S. aureus isolates. The MICso

and MICyo values were 0.03 and 0.12 ug/mL, respectively. For trimethoprim-sulfamethoxazole,
the MICso and MICop were <0.06 and <0.06 pg/mL, respectively. For isolates with a MIC for
erythromycin of =1 pg/mL (n=319), the MICso and MICyy for iclaprim were <0.25 and <0.25
ug/mL, respectively. For isolates with a MIC for clindamycin of =1 pg/mL (n=106), the MICsq
and MICoo for iclaprim were <0.25 and <8 pg/mL, respectively. For isolates with a MIC for
levofloxacin of =2 ug/mL (n=235), ), the MICso and MICoy for iclaprim were <0.25 and <0.5
ug/mL, respectively. All isolates with a MIC for TMS of =4 ug/mL had a MIC for iclaprim =
8 ug/mL. For isolates with a MIC for TMS of 4, 8, 16 and 32 pg/mL, XXX (X.X%), X (X%) and

X (X%) had a MIC for iclaprim of 8, 16 and =32 ug/mL.

Iclaprim maintained activity against S. aureus regardless of methicillin susceptibility.



139  For MSSA, the MICsp and MICgp were both 0.06 pg/mL. For MRSA, the MICsp and MICo
140  were 0.03 and 0.12 pg/mL, respectively. By comparison, trimethoprim-sulfamethoxazole MICsg

141  and MICyp were both <0.06 ug/mL for MSSA, and <0.06 and 0.12 pg/mL for MRSA,

142 respectively.

143 Iclaprim also maintained activity against S. aureus regardless of isolation from North
144 America or Europe. For North America, the MICso and MICoo were 0.03 and 0.12 pg/mL,

145  respectively. For Europe, the MICso and MICoo were 0.03 and 0.06 ug/mL, respectively.

146

147 Iclaprim and comparator activity against S. pyogenes

148 Iclaprim exhibited activity against all 159 S. pyogenes (Table 2). The MICsoMICqp were

149  <0.015/0.03 pg/mL, respectively. By comparison, MICso/MICo for trimethoprim-

150  sulfamethoxazole were <0.06/0.12 pg/mL, respectively (Table 2). Iclaprim showed activity

151  against S. pyogenes independent of the prevalence of macrolide resistance. The MICoqg of

152 iclaprim was 0.03 pg/mL against isolates of S. pyogenes susceptible to azithromycin (MIC < 0.5
153  pg/mL, n=133, 83.6 %) and also against isolates resistant to azithromycin (MIC >2 pg/mL, n=24,
154  15.1%).

155

156  Iclaprim and comparator activity against S. agalactiae

157 Iclaprim exhibited similar MICs against all 100 S. agalactiae (Table 2). The MICsoand
158  MICyo were 0.12 and 0.5 pg/mL, respectively, for S. agalactiae. In comparison, MICso and

159  MICy for trimethoprim-sulfamethoxazole were both 0.12 ug/mL (Table 2). Iclaprim showed

160  activity against S. agalactiae independent of the prevalence of macrolide resistance. The MIC

161  range (0.06 - 1 pg/mL) and MICog (0.5 ng/mL) for iclaprim were identical for isolates resistant
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(MIC 22 pg/mL, 41%) or susceptible to azithromycin (59%).

Iclaprim and comparator activity against S. anginosus and S. dysgalactiae
Iclaprim exhibited activity against all 14 S. anginosus (Table 2). The MICsoand MICo

were both <0.015 pg/mL for S. anginosus. In comparison, MICso and MICy for trimethoprim-
sulfamethoxazole were both <0.06 pg/mL (Table 2). Iclaprim showed activity against S.

anginosus independent of the prevalence of macrolide resistance. The MIC for iclaprim against
all S. anginosus isolates tested was constant at <0.015 pg/mL for an azithromycin MIC range
<0.03 - >8 pg/mL.

Iclaprim exhibited activity against all 40 S. dysagalactiae (Table 2). The MICso and
MICyo were 0.03 and 0.06 ng/mL, respectively, for S. dysagalactiae. By comparison,

MICs0o/MICo for trimethoprim-sulfamethoxazole were <0.06 / 0.12 pg/mL, respectively (Table

2). Iclaprim showed activity against S. dysagalactiae independent of the prevalence of
macrolide resistance. Of the nine isolates resistant to azithromycin (MIC >2 ug/mL, 22.5 %),
only one had a MIC for iclaprim > 0.03 ug/mL. Based on EUCAST breakpoints (no breakpoints
are available in CLSI for TMS against beta-hemolytic streptococci), only one S. dysagalactiae
isolate was resistant to TMS (MIC >2 pg/mL), and the MIC of iclaprim was >32 pg/mL for this

isolate.

Discussion

This study shows that iclaprim alone, without the synergistic combination of a
sulfonamide, is active against a collection of 931 Gram-positive clinical isolates, including those

with resistant phenotypes, collected from skin or soft tissue from patients with SSSI between
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2015-2016 in the US and EU. Iclaprim activity (MICso, 0.03 pg/mL and MICyg, 0.12 pg/mL)
was similar to that of TMS (MICso <0.06 ug/mL and MICop, 0.12 pg/mL). Although the in

vitro activity of iclaprim alone was similar to TMS combination, not having to add a sulfonamide
component to iclaprim may be clinically meaningful from a safety perspective. For example,
sulfonamides are associated with the following severe toxicities: hypersensitivity reactions
(Stevens Johnson syndrome), anaphylaxis, hepatotoxicity, and blood dyscrasias. The activity of
iclaprim, the MICs0o/MICo of 0.03/0.12 ug/mL for S. aureus, 0.12/0.5 pg/mL for S. agalactiae,
<0.015/0.03 pg/mL for S. pyogenes, <0.015 /<0.015 pg/mL for S. anginosus and 0.03/0.06
ug/mkL for S. dysgalactiae, documented in this analysis were consistent with those in a
surveillance study performed a decade earlier, comprising 5,937 Gram-positive isolates from
skin and soft tissue, blood stream and respiratory clinical specimens from patients in the US and
EU (Sader et al., 2009) and with those in a surveillance study performed in 2012-2014,
comprising 2,814 Gram-positive clinical isolates from skin and soft tissue from patients in the
US and EU (Huang et al., in press).

Resistance in S. aureus to dihydrofolate reductase inhibitors is determined by a single
amino acid change (F98Y) within the trimethoprim-binding site of DHFR. Iclaprim was
rationally engineered, using information from X-ray crystal data of isolated DHFR, for enhanced
activity against Gram-positive bacteria including strains with mutational changes in DHFR that
determine trimethoprim resistance (TMP-R). Iclaprim retains sufficient binding affinity to FO8Y
DHEFR due to additional hydrophobic interactions with surrounding amino acids (Oefner et al.,
2009). Its activity against TMP-R clinical isolates of S. aureus and BHS has been demonstrated
in a number of studies and is driven by the greatly increased affinity of iclaprim to the DHFR

target site including mutant DHFR. BHS are normally considered susceptible to TMP, although
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no clinical breakpoints for TMP exist and consequently no information concerning mechanisms
of TMP resistance in such organisms are available.

In conclusion, the results from this surveillance study confirm widespread iclaprim
susceptibility rates among contemporary (2015-2016) pathogens from the skin or soft tissue from
patients with SSSI from the US and EU. The rates are unchanged a decade after another large
surveillance study (Sader et al., 2009). The proportions of nonsusceptible isolates of methicillin
susceptible S. aureus, methicillin resistant S. aureus, S. agalactiae, S. anginosus, S. dysgalactiae,
and S. pyogenes to iclaprim were limited. Continued surveillance is warranted to track the

activity of iclaprim and to detect any potential emergence of resistance to iclaprim in the future.

Table 1 Distribution of organisms collected from North America and Europe, 2015-2016

10
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Organism North Europe Total
America
S. aureus 307 311 618
MRSA 154 160 314
MSSA 153 151 304
S. agalactiae 50 50 100
S. anginosus 11 3 14
S. dysgalactiae 20 20 40
S. pyogenes 79 80 159
Total 467 (50.2%) | 464 (49.8%) 931

Abbreviations: MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus

11



Table 2 In vitro activity of iclaprim and comparators against isolates collected from North America and Europe, 2015-2016
i CLSI EUCAST

Organism Drug MICso MICoo Range %S | %l %R %S | %I | %R

S. aureus Iclaprim 0.03 0.12 <0.015->32 NB | NB NB NB | NB NB

(n=618)
Cefoxitin >4 >4 1->4 492 0 50.8 NB NB NB
Clindamycin 0.12 >4 <0.03->4 82.9 0 17.2 82.9 0 17.2
Daptomycin 0.25 0.5 0.12-1 1000 | O 0 1000 | O 0
Erythromycin 16 >16 <0.12->16 484 | 0.7 51.0 | 484 0 51.6
Gentamicin 0.25 0.5 <0.06->16 953 | 0.2 4.5 95.3 0 4.7
Levofloxacin 0.25 >4 0.06->4 62.0 | 0.5 37.5 62.0 0 38.0
Linezolid 1 2 0.5-4 1000 | O 0 1000 | O 0
Penicillin >4 >4 <0.06->4 15.4 0 84.6 15.4 0 84.6
Tetracycline 0.25 1 <0.06->16 926 | 0.3 7.1 91.10 | 1.13| 7.8
Trimethoprim- <0.06 <0.06 <0.06-32 98.5 0 1.5 985 | 0.3 | 1.13
Sulfamethoxazole
Vancomycin 1 1 <0.25-2 100.0 | O 0 100.0| O 0

MRSA Iclaprim 0.03 0.12 <0.015->32 NB | NB NB NB | NB NB

(n=314)
Cefoxitin >4 >4 >4->4 0.0 0.0 | 100.0 | NB | NB NB
Clindamycin 0.12 >4 <0.03->4 70.1 | 0.0 29.9 70.1 | 0.0 | 29.9
Daptomycin 0.25 0.5 0.12-1 100.0 | 0.0 0.0 100.0 | 0.0 0.0
Erythromycin > 16 > 16 <0.12->16 252 | 0.3 745 | 252 | 0.0 | 74.8
Gentamicin 0.25 0.5 0.12->16 92.7 | 0.0 7.3 92.7 | 0.0 7.3
Levofloxacin 4 >4 0.06->4 33.1 | 0.6 66.2 33.1 | 0.0 | 66.9
Linezolid 1 2 0.5-4 100.0 | 0.0 0.0 100.0 | 0.0 0.0
Penicillin >4 >4 0.25->4 0.0 0.0 | 100.0 | 0.0 | 0.0 | 100.0
Tetracycline 0.25 2 <0.06->16 90.1 | 0.3 9.6 879 | 2.2 9.9
Trimethoprim- <0.06 0.12 <0.06-32 97.5 | 0.0 2.6 975 | 0.6 1.9

Sulfamethoxazole




Vancomycin 1 1 <0.25-2 100.0 | 0.0 0.0 100.0 | 0.0 0.0
MSSA Iclaprim 0.06 0.06 <0.015->32 NB | NB NB NB | NB NB
(n=304)
Cefoxitin 4 4 1-4 100.0 | 0.0 0.0 NB | NB NB
Clindamycin 0.06 0.12 <0.03->4 96.1 | 0.0 3.9 96.1 | 0.0 39
Daptomycin 0.25 0.5 0.12-1 100.0 | 0.0 0.0 100.0 | 0.0 0.0
Erythromycin 0.25 >16 <0.12->16 724 | 1.0 266 | 724 | 0.0 | 27.6
Gentamicin 0.25 0.5 <0.06->16 98.0 | 0.3 1.6 98.0 | 0.0 2.0
Levofloxacin 0.12 0.5 0.06-> 4 91.8 | 0.3 7.9 91.8 | 0.0 8.2
Linezolid 1 2 0.5-2 100.0 | 0.0 0.0 100.0 | 0.0 0.0
Penicillin 1 >4 < 0.06-> 4 31.3 | 0.0 68.8 | 31.3 | 0.0 | 6838
Tetracycline 0.25 0.25 < 0.06-> 16 95.1 | 0.3 4.6 944 | 0.0 5.6
Trimethoprim- <0.06 <0.06 < 0.06-16 99.7 | 0.0 0.3 99.7 | 0.0 0.3
Sulfamethoxazole
Vancomycin 1 1 < 0.25-2 100.0 | 0.0 | 0.0 100.0 | 0.0 | 0.0
S. pyogenes Iclaprim <0.015 0.03 <0.015-0.5 NB NB | NB NB NB | NB
(n=159)
Ampicillin <0.03 <0.03 <0.03-0.12 100.0 | 0.0 |0.0 NB |NB |NB
Azithromycin 0.12 >8 <0.03-> 8 83.7 |13 |15.1 83.7 0.0 |[164
Ceftriaxone 0.03 0.03 <0.015-0.06 100.0 | 0.0 | 0.0 NB |NB |NB
Clindamycin 0.06 0.06 0.03->2 975 (06 |19 98.1 10.0 |19
Levofloxacin 0.5 1 0.25-2 100.0 | 0.0 | 0.0 100.0 | 0.0 0.0
Linezolid 1 1 0.5-1 100.0 | 0.0 |0.0 100.0 | 0.0 | 0.0
Meropenem <0.015 <0.015 < 0.015-0.06 100.0 | 0.0 | 0.0 NB NB | NB
Penicillin <0.06 <0.06 <0.06-<0.06 100.0 | 0.0 | 0.0 100.0 | 0.0 0.0
Tetracycline 0.12 >8 0.06-> 8 855 0.6 |13.8 855 [0.0 |14.5
Trimethoprim- <0.06 0.12 <0.06-0.5 NB NB |NB 100.0 | 0.0 | 0.0
sulfamethoxazole
S. agalactiae Iclaprim 0.12 0.5 0.06-1 NB | NB | NB NB | NB NB
(n=100)
Ampicillin 0.12 0.12 0.06-0.25 100.0 | 0.0 0.0 NB | NB NB
Azithromycin 0.12 >8 0.06-> 8 590 | 0.0 | 41.0 | 59.0 | 0.0 | 41.0

13



Ceftriaxone 0.06 0.06 0.06-0.12 100.0 | 0.0 0.0 NB | NB NB
Clindamycin 0.06 >2 0.03->2 72.0 | 2.0 | 26.0 | 740 | 0.0 | 26.0
Levofloxacin 1 1 0.5-2 100.0 | 0.0 0.0 |100.0| 0.0 0.0
Linezolid 1 1 0.5-1 100.0 | 0.0 0.0 |100.0| 0.0 0.0
Meropenem 0.03 0.06 0.03-0.06 100.0 | 0.0 0.0 NB | NB NB
Penicillin <0.06 <0.06 <0.06-0.5 99.0 | 0.0 1.0 {99.00| 0.0 1.0
Tetracycline >8 >8 0.06-> 8 230 | 1.0 | 76.0 | 220 | 1.0 | 77.0
Trimethoprim- 0.12 0.12 <0.06-0.5 NB | NB | NB |100.0| 0.0 0.0
sulfamethoxazole

S. anginosus Iclaprim <0.015 <0.015 <0.015-<0.015 NB | NB NB NB | NB NB

(n=14)
Ampicillin 0.06 0.12 <0.03-0.12 100.0 | 0.0 0.0 | 100.0 | 0.0 0.0
Azithromycin 0.06 >8 <0.03-> 8 57.1 7.1 35.7 NB NB NB
Ceftriaxone 0.12 0.25 0.03-0.5 100.0 | 0.0 0.0 | 100.0 | 0.0 0.0
Clindamycin 0.03 >2 <0.015->2 78.6 0.0 21.4 78.6 | 0.0 214
Levofloxacin 0.5 0.5 <0.12-1 100.0 | 0.0 0.0 NB | NB NB
Linezolid 1 1 0.5-1 100.0 | 0.0 0.0 NB NB NB
Meropenem 0.03 0.12 <0.015-0.12 100.0 | 0.0 0.0 100.0 | 0.0 0.0
Penicillin <0.06 <0.06 <0.06-<0.06 100.0 | 0.0 0.0 | 100.0 | 0.0 0.0
Tetracycline 4 >8 <0.03-> 8 42.9 7.1 50.0 NB NB NB
Trimethoprim- <0.06 <0.06 <0.06-<0.06 NB | NB NB NB | NB NB
sulfamethoxazole

S. dysgalactiae Iclaprim 0.03 0.06 <0.015-> 32 NB NB NB NB | NB NB

(n=40)
Ampicillin <0.03 <0.03 <0.03-0.12 100.0 | 0.0 0.0 NB | NB NB
Azithromycin 0.12 >8 0.12-> 8 77.5 0.0 22.5 775 | 0.0 22.5
Ceftriaxone 0.03 0.06 <0.015-0.06 100.0 | 0.0 0.0 NB NB NB
Clindamycin 0.06 0.06 0.03->2 97.5 | 0.0 25 97.5 | 0.0 2.5
Levofloxacin 0.5 1 0.25->8 97.5 | 0.0 2.5 97.5 | 0.0 2.5
Linezolid 1 1 1-1 100.0 | 0.0 0.0 | 100.0 | 0.0 0.0
Meropenem <0.015 <0.015 <0.015-<0.015 | 100.0 | 0.0 0.0 NB | NB NB
Penicillin <0.06 <0.06 <0.06-<0.06 100.0 | 0.0 0.0 | 100.0 | 0.0 0.0

14



Tetracycline 0.25 >8 0.12-> 8 67.5 10.0 22.5 67.5 0.0 32.5
Trimethoprim- <0.06 0.12 <0.06-> 16 NB | NB NB 975 | 0.0 2.5
sulfamethoxazole

Abbreviations: MIC, minimal inhibitory concentration; NB, no breakpoint; CLSI, Clinical and Laboratory Standards Institute;

EUCAST, European Committee on Antimicrobial Susceptibility Testing; S, susceptible; I, intermediate; R, resistant; TMS,

trimethoprim-sulfamethoxazole; MRS A, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus

15



Table 3 MIC values and Cumulative MIC distributions for iclaprim and TMS by pathogen group, 2015-2016

Organism Drug \ Number (cumulative percentage) inhibited by drug MIC (ug/mL)
<
0.01 | 0.03 | <0.06 | 006 | 0.12 | 025 | 05 1 2 4 8 16 | >16 | 32 | >3
5
fﬁfglrg‘s felaprim | 4> 1521 | NA | 8997 | 930 | 939 | 943 | 948 | 948 | 951 | 955 | 964 | NA | 968 | 100
TMS | NA [ NA | 919 | NA | 919 | 969 | 98.1 | 984 | 985 | 989 | 989 | 995 | NA | 100 | 100
?ﬁi?&) felaprim | 56 1 457 | NA | 914 | 961 | 974 | 974 | 977 | 977 | 977 | 977 | 984 | NA | 984 | 100
TMS | NA | NA | 97 | NA | 974 | 987 | 993 | 997 | 997 | 99.7 | 99.7 | 100 | NA | 100 | 100
MRSA Iclapri
(1=314) CAPIM ) 09 583 | NA | 885 | 90.1 | 904 | 914 | 92 | 92 | 927 | 933 | 946 | NA | 952 | 100
TMS | NA | NA | 869 | NA | 91.7 | 952 | 968 | 97.1 | 975 | 98.1 | 98.1 | 99 | NA | 100 | 100
(Sﬁf{g’g)e”es lelaprim | g49 1 o5 | NA | 994 | 99.4 | 994 | 100 | 100 | 100 | 100 | 100 | 100 | NA | 100 | 100
TMS | NA | NA | 654 | NA | 962 | 994 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | NA | NA
S. agalactiae Iclaprim
(n=100) 0 | 0o | NA | 49 | 53 | 8 | 98 | 100 | 100 | 100 | 100 | 100 | NA | 100 | 100
TMS | NA [ NA | 21 | NA | 93 | 99 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | NA | NA
S. anginosus Iclaprim
(N=14) 100 | 100 | NA | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | NA | 100 | 100
TMS | NA | NA | 100 | NA | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | NA | NA
S. dysgalactiae | Iclaprim
(N=40) 25 | 50 | NA 95 95 95 | 975 | 975 | 975 | 975 | 975 | 975 | NA | 975 | 100
TMS | NA | NA| 65 | NA | 95 | 975 | 975 | 975 | 975 | 975 | 975 | 975 | 100 | NA | NA




Abbreviations: NA, not applicable; TMS, trimethoprim-sulfamethoxazole; MRS A, methicillin-resistant S. aureus; MSSA, methicillin-

susceptible S. aureus



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Source of Funding and Conflict of Interest

This study was supported by Motif BioSciences Inc., New York, USA.

DBH is an employee of Motif BioSciences. TLH has received consultancy fees from
Basliea Pharmaceutica, Genentech, Medicines Company, and Motif Biosciences. TMF has
served as a consultant for Motif BioSciences, Allergan, Medicines Company, Merck, Nabriva,
Paratek, Shionogi, and GSK. AT has served as a consultant for Motif BioSciences. MHW has
received consulting fees from Abbott Laboratories, Actelion, Astellas, Astra-Zeneca, Bayer,
bioMerieux, Cerexa, Cubist, Durata, The European Tissue Symposium, The Medicines Company,
MedImmune, Merck, Motif Biosciences, Nabriva, Optimer, Paratek, Pfizer, Qiagen, Roche,
Sanofi-Pasteur, Seres, Summit, and Synthetic Biologics; lecture fees from Abbott, Alere,
Astellas, Astra-Zeneca, Merck, Pfizer & Roche; grant support from Abbott, Actelion, Astellas,
bioMerieux, Cubist, Da Volterra, MicroPharm, Morphochem AG, Sanofi-Pasteur, Seres, Summit
and The European Tissue Symposium, Merck. RC has received consultancy fees from Cempra
Pharmaceuticals, PRA International, Furiex Pharmaceuticals, Inimex Pharmaceuticals, Dr.
Reddy’s Laboratories, Cubist Pharmaceuticals, Cerexa/Forest Laboratories, AstraZeneca,
GlaxoSmithKline, Pfizer, Merck, Trius Therapeutics, ContraFect, Theravance, and Astellas
Pharma and served on an advisory board for Pfizer, Polymedix, Trius Therapeutics, Rib-x
Pharmaceuticals, Seachaid Pharmaceuticals, BioCryst Pharmaceuticals, Durata Therapeutics,
Achaogen, Gilead Sciences, ContraFect, Cempra, and Nabriva Therapeutics. RC received

research grants from Theravance, Innocoll, and The Medicines Company.



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

References

CLSI. M07-A10. 2015. Methods for dilution antimicrobial susceptibility tests for bacteria that
grow aerobically; approved standard: tenth edition. Wayne, PA, Clinical and Laboratory

Standards Institute.

CLSI. M100. 2017. Performance standards for antimicrobial susceptibility testing: 27th

informational supplement. Wayne, PA, Clinical and Laboratory Standards Institute.

EUCAST. 2017. Breakpoint tables for interpretation of MICs and zone diameters. Version 7.0,

January 2017.

Huang DB, File TM Jr, Dryden M, Corey GR, Torres A, Wilcox MH. Surveillance of Iclaprim
Activity: In Vitro Susceptibility of Gram-positive Pathogens Collected from 2012-2014 From the

United States, Asia Pacific, Latin American and Europe. Diagnostic Microbiology and

Infectious Diseases 2018, 90:329-334.

Huang DB, O’Riordan W, Overcash JS, Heller B. A Phase 3, Randomized, double-blind,
multicenter study to EValuate the safety and efficacy of intravenous Iclaprim versus
Vancomycin for the trEatment of acute bacterial skin and skin structure infections suspected or
confirmed to be due to Gram-positive pathogens: REVIVE-1. Clinical Infectious Diseases 2018;

66:1222-1229.

19



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Kompis IM, Islam K and Then RL. DNA and RNA Synthesis Antifolates Chem Rev

2005;105:593-620.

Lodise T, Bosso J, Kelly C, Williams PJ, Lane JR, Huang DB. Use of Pharmacokinetic and
Pharmacodynamic Analyses to Determine the Optimal Fixed Dosing Regimen of Iclaprim for
Treatment of Serious Gram-Positive Infections. Antimicrob Agents Chemother. 2018; 62:1184-

17.

Long SW, Olsen RJ, Mehta SC, Palzkill T, Cernoch PL, Perez KK, et al. PBP2a mutations
causing high-level Ceftaroline resistance in clinical methicillin-resistant Staphylococcus aureus

isolates. Antimicrob Agents Chemother. 2014;58:6668-74

Mishra NN, Bayer AS, Tran TT, Shamoo Y, Mileykovskaya E, Dowhan W, et al. Daptomycin
resistance in enterococci is associated with distinct alterations of cell membrane phospholipid

content. PLoS One. 2012;7:¢43958.

Morrissey I, Maher K, Hawser S. Activity of iclaprim against clinical isolates of Streptococcus

pyogenes and Streptococcus agalactiae. J Antimicrob Chemother 2009;63:413-4.

Oefner C, Bandera M, Haldimann A, Laue H, Schulz H, Mukhija S, Parisi S, Weiss L, Lociuro S,
Dale GE. Increased hydrophobic interactions of iclaprim with Staphylococcus aureus
dihydrofolate reductase are responsible for the increase in affinity and antibacterial activity. J

Antimicrob Chemother 2009;63:687-98.

20



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

Sader HS, Fritsche TR, Jones RN. Potency and bactericidal activity of iclaprim against recent

clinical gram-positive isolates. Antimicrob Agents Chemother 2009;53:2171-5.

Sanchez Garcia M, De la Torre MA, Morales G, Pelaez B, Tolon MJ, Domingo S, et al. Clinical
outbreak of linezolid-resistant Staphylococcus aureus in an intensive care unit. JAMA.

2010;303:2260-4.

Schneider P, Hawser S, Islam K. Iclaprim, a novel diaminopyrimidine with potent activity on

trimethoprim sensitive and resistant bacteria. Bioorg Med Chem Lett 2003;13:4217-21.

Steenbergen JN, Alder J, Thorne GM, and Tally FP. Daptomycin: a lipopeptide antibiotic for the

treatment of serious Gram-positive infections. J Antimicrob Chemother. 2005;55:283-8.

Steinkraus G, White R, and Friedrich L. Vancomycin MIC creep in non-vancomycin-
intermediate Staphylococcus aureus (VISA), vancomycin-susceptible clinical methicillin-
resistant S. aureus (MRSA) blood isolates from 2001-05. J Antimicrob Chemother. 2007;60:788-

94.

Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ, Gorbach SL, 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;59:e10-52.

21



93

94

95

96

Tognetti L, Martinelli C, Berti S, Hercogova J, Lotti T, Leoncini F, et al. Bacterial skin and soft

tissue infections: review of the epidemiology, microbiology, aetiopathogenesis and treatment: a

collaboration between dermatologists and infectivologists. J Eur Acad Dermatol Venereol.

2012;26:931-41.

22



