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Background: Lack of effective treatment of gonorrhoea due to increasing antimicrobial resistance in Neisseria
gonorrhoeae is a serious threat to the management and control of the infection. Novel antimicrobials are
required to prevent the infection becoming untreatable.

Objectives: Herein, we investigated the in vitro activity of a novel small-molecule antimicrobial with a new
mechanism of action, SMT-571, against a large collection of clinical N. gonorrhoeae isolates (n = 228) and inter-
national gonococcal reference strains (n = 34), including numerous MDR and XDR gonococcal isolates.

Methods: MICs of SMT-571 were determined by agar dilution and MICs of ceftriaxone, cefixime, azithromycin,
ciprofloxacin, ampicillin, spectinomycin and tetracycline were determined by Etest.

Results: SMT-571 showed potent in vitro activity against all the tested N. gonorrhoeae isolates (n = 262). The
MICs ranged from 0.064 to 0.125mg/L and the MICso, MICqo and modal MIC were all 0.125mg/L. No cross-
resistance or correlation between the MICs of SMT-571 and comparator agents was seen.

Conclusions: SMT-571 demonstrated potent in vitro activity against all tested gonococcal isolates and no cross-
resistance to previously and currently used antimicrobials was seen. With its promising supplementary in vitro
and in vivo preclinical data, including high levels of oral bioavailability, SMT-571 could be an effective option for
the oral treatment of gonorrhoea. Randomized controlled clinical trials for gonorrhoea that examine the treat-
ment efficacy, pharmacokinetics/pharmacodynamics, toxicity and safety of SMT-571, and include urogenital

and extragenital (rectal and pharyngeal) samples, are crucial.

Introduction

Lack of effective treatment of gonorrhoea due to increasing anti-
microbial resistance (AMR) in Neisseria gonorrhoeae is a serious threat
to the management and control of the infection. N. gonorrhoeae
is estimated to cause 78 million new infections among adults
globally each year! and gonorrhoea resulted in 225400 years
lived with disability per year and 313900 disability-adjusted life
years according to the global burden of disease study in 2013.%°
The mainstay in controlling gonorrhoea is effective antimicrobial
treatment together with appropriate prevention, sensitive and
specific diagnostics, contact tracing followed by treatment, and
follow-up of patients including test of cure. N. gonorrhoeae has

developed AMR to all formerly used gonorrhoea therapeutic
agents.” The susceptibility to the last remaining class for effective
empirical first-line monotherapy, the extended-spectrum cepha-
losporins (ESCs; ceftriaxone and cefixime), has also substantially
decreased during the past decade.* ® Previously, only sporadic
cases of ceftriaxone-resistant isolates have been identified
across many countries.”** However, in 2015-18 the first inter-
national spread of a ceftriaxone-resistant strain (FC428, initially
cultured in 2015 in Japan'?) was documented, with cases
reported from Japan, Australia, Canada, Denmark, Ireland and
France,'”"*” and in 2018 the first cases with ceftriaxone resist-
ance plus high-level azithromycin resistance were described in
the UK and Australia.’®'® Consequently, enhanced AMR
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surveillance for N. gonorrhoeae, but also novel antimicrobials for
effective treatment of gonorrhoea, are essential.*>°

SMT-571 is a novel, orally available, small-molecule antimicro-
bial under development as a therapy specifically for urogenital,
rectal and pharyngeal N. gonorrhoeae infections, whose discovery
and development have been enabled by the Discuva platform.?2
Briefly, the Discuva platform allows screening of novel bacterial
targets, elucidation of mechanism(s) of action and AMR profiles,
and includes proprietary high-density transposon libraries (trans-
posons inserted every 5-10bp) generated in defined bacterial
strains.”?? SMT-571 has shown bactericidal activities against
N. gonorrhoeae and novel mechanism(s) of action associated with
cell division.?>*? Previously,”® the susceptibility of N. gonorrhoeae
to SMT-571 had only been evaluated for a small panel of
gonococcal isolates, which demonstrated relatively low MICs of
currently used antimicrobials such as ESCs and azithromycin.

Our aim was to comprehensively investigate the in vitro activity
of SMT-571, which acts through a new mechanism of action,
against a large collection of clinical N. gonorrhoege isolates
(n =228) and international gonococcal reference strains (n = 34),
including numerous MDR and XDR gonococcal isolates. MDR and
XDR N. gonorrhoeae were defined based on an updated version of
the definitions published by Tapsall et al.,** i.e. MDR (XDR) isolates
were resistant to one (two) or more of the antimicrobials in cat-
egory 1 (antimicrobials currently generally recommended for gon-
orrhoea treatment: ceftriaxone, cefixime and azithromycin) and
resistant to two (three) or more of the antimicrobials listed in cat-
egory 2 (antimicrobials now less frequently used for gonorrhoea
treatment: spectinomycin, ciprofloxacin, ampicillin and tetracycline).

Materials and methods

The work was performed at the WHO Collaborating Centre for Gonorrhoea
and Other Sexually Transmitted Infections, Department of Laboratory
Medicine, Microbiology, Orebro University Hospital, SE-701 85 Orebro,
Sweden.

N. gonorrhoeae isolates

The collection of 262 N. gonorrhoeae isolates investigated in the present
study represented a large geographically (mainly global representative-
ness), temporally (obtained from 1991 to 2018), phenotypically and genet-
ically diverse selection. The collection consisted of 34 international
gonococcal reference strains, 100 consecutive clinical Swedish gonococcal
isolates collected in 2016 and 128 gonococcal clinical isolates selected for
their AMR phenotype. The international gonococcal reference strains
included the 2016 WHO reference strains (n = 14),2>%¢ WHO A-E, WHO 1,
WHO J, CCUG 41810-41813, A02, A17, A25, GO7-700, AO4, GO7-672, GO6-
1153,FA1090 and MS11. The selected isolates included isolates with in vitro
or clinical resistance to ESCs (12 ceftriaxone-resistant isolates and 25
cefixime-resistant isolates), high-level clinical resistance to other antimicro-
bials previously used for treatment of gonorrhoea and a large number of
MDR (n = 57) and XDR (n = 14) gonococcal isolates.

Antimicrobial susceptibility testing

The MICs (mg/L) of SMT-571 (Summit Therapeutics, Cambridge, UK) were
determined using an agar dilution technique, according to current CLSI
quidelines (www.clsi.org). The MICs (mg/L) of ceftriaxone, cefixime, azithro-
mycin, ciprofloxacin, spectinomycin, tetracycline and ampicillin were deter-
mined using the Etest method (AB bioMérieux, MorcyfI'Etoile, France), in
accordance with the manufacturer’s instructions. Only whole MIC dilutions

are reported in the present study. With the exception of SMT-571, for which
no interpretative criteria currently exist, all MICs were interpreted as sus-
ceptible, intermediately susceptible or resistant according to the clinical
breakpoints stated by EUCAST (www.eucast.org).

Results

The susceptibility results for SMT-571 and seven antimicrobials
currently or previously recommended for the treatment of gonor-
rhoea are summarized in Table 1. The isolates are divided into dif-
ferent groups, i.e. all isolates, consecutive isolates, selected
isolates and international reference strains (Table 1).

SMT-571 displayed potent in vitro activity against all the tested
N. gonorrhoeae isolates (n=262). The MIC ranged from 0.064
to 0.125mg/L and the MICsg, MICgo and modal MIC were all
0.125mg/L. With the exception of the ESCs (ceftriaxone and cefix-
ime), the modal MIC, MICsq and MICqq of the additional antimicro-
bials tested were all substantially higher than those observed for
SMT-571. No cross-resistance or correlation between the MICs of
SMT-571 and the MICs of any of the other tested currently or previ-
ously used antimicrobials was observed, with the Spearman’s rank
correlation coefficient ranging from 0.024 to 0.261 when compar-
ing the MICs of SMT-571 and the MICs of the additional antimicro-
bials (data not shown).

Discussion

This study is the first broad evaluation of the in vitro activities of the
promising new-mechanism novel small-molecule antimicrobial
SMT-571 against a large geographically, temporally and genetical-
ly diverse collection of clinical N. gonorrhoeae isolates and inter-
national reference strains, including various types of high-level
resistant, MDR and XDR gonococcal isolates. The activity of SMT-
571 was also compared with the activities of seven antimicrobials
that are currently or were previously recommended for gonor-
rhoea treatment, i.e. ceftriaxone, cefixime, azithromycin, spectino-
mycin, ciprofloxacin, ampicillin and tetracycline. SMT-571
displayed potent activity, with MICs of 0.064 to 0.125 mg/L for all
the tested N. gonorrhoeae isolates, and no cross-resistance with
any antimicrobials previously used for treatment of gonorrhoea.

Our results correspond well with the limited unpublished data
presented at international conferences,?*’ where potent in vitro
activity of SMT-571 was shown against the 2008 WHO reference
strains (n = 8)>> and WHO X?® (SMT-571 MIC of 0.09 mg/L) and a clin-
ical strain panel from NIAID preclinical services (n=91; SMT-571
MICs range from 0.11 to 0.22 mg/L). Time-kill studies using the WHO
M reference strain?>?® established a rapid bactericidal profile and
low level of resistance frequency (<8.2 x 10~ 1) at 4 x MIC with no
resistant mutants identified after 144 h at 4 x MIC.***’ In addition
to its favourable microbiological profile and oral pharmacokinetics,
SMT-571 exhibits good in vitro and in vivo absorption, distribution,
metabolism, excretion and toxicological (ADMET) profiles.”*?’

In conclusion, SMT-571 is a novel small-molecule antimicrobial,
with a novel mechanism of action selectively targeting bacterial
cell division,?*%? with high in vitro activity against a large collection
of gonococcal international reference strains and clinical isolates,
including numerous MDR and XDR isolates, and very low resistance
mutation frequency. Together with additional promising in vitro
and in vivo preclinical studies and its appropriate oral bioavailability,
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Table 1. MIC range, MICsg, MICqg and modal MIC values of SMT-571 and therapeutic antimicrobials currently or previously recommended for

N. gonorrhoeae isolates

Antimicrobial, isolate group (n) MIC range (mg/L) MICso (mg/L) MICqp (mMg/L) Modal MIC (mg/L) SIT/IR® (%)
SMT-571
allisolates (262) 0.064-0.125 0.125 0.125 0.125 ND
consecutive isolates (100) 0.064-0.125 0.064 0.125 0.064 ND
selected isolates (128) 0.064-0.125 0.125 0.125 0.125 ND
reference strains (34) 0.064-0.125 0.125 0.125 0.125 ND
Ceftriaxone (262) <0.002-4 0.008 0.064 0.004 96.8/ND/3.2
Cefixime (262) <0.016-8 <0.016 0.25 <0.016 88.9/ND/11.1
Azithromycin (262) 0.016 to >256 0.5 2 1 44.0/13.9/42.1
Spectinomycin (262) 4to>1024 16 16 16 98.0/ND/2.0
Ciprofloxacin (262) <0.002 to >32 2 >32 >32 39.7/0.0/60.3
Ampicillin (262) <0.016 to >256 0.5 4 1 27.4/59.1/13.5
Tetracycline (262) 0.125-256 2 16 4 22.2/17.5/60.3

ND, not determined due to lack of interpretative criteria.

MICs were determined using an agar dilution technique for SMT-571 and using the Etest method for the additional antimicrobials.
9S, susceptible; I, intermediately susceptible; R, resistant. EUCAST clinical breakpoints (www.eucast.org) were applied for all antimicrobials, with the

exception of SMT-571.

SMT-571 could be an effective option for single-dose oral treat-
ment of gonorrhoea. SMT-571 is currently undergoing
Investigational New Drug (IND)-enabling studies ahead of a Phase
1 study, which will lead to randomized controlled clinical trials to
explore patients with both urogenital and extragenital, especially
pharyngeal, gonorrhoea.

Funding

The present work was supported by grants from the Orebro County Council
Research Committee, Orebro, Sweden, the Foundation for Medical
Research at Orebro University Hospital, Orebro, Sweden, and Summit
Therapeutics, Cambridge, UK.

Transparency declarations
C. M, N. K. and P. M. are employed by Summit Therapeutics, Cambridge, UK.
S.J.and M. U.: none to declare.

References

1 Newman L, Rowley J, Vander Hoorn S et al. Global estimates of the preva-
lence and incidence of four curable sexually transmitted infections in 2012
based on systematic review and global reporting. PLoS One 2015; 10:
e0143304.

2 Vos T, Barber RM, Bell B et al. Global, regional, and national incidence,
prevalence, and years lived with disability for 301 acute and chronic diseases
and injuries in 188 countries, 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet 2015; 386: 743-800.

3 Murray CJL, Barber RM, Foreman KJ et al. Global, regional, and national
disability-adjusted life years (DALYs) for 306 diseases and injuries and healthy
life expectancy (HALE) for 188 countries, 1990-2013: quantifying the epi-
demiological transition. Lancet 2015; 386: 2145-91.

4 Unemo M, Shafer WM. Antimicrobial resistance in Neisseria gonorrhoeae in
the 21st century: past, evolution, and future. Clin Microbiol Rev 2014; 27:
587-613.

5 WiT, Lahra MM, Ndowa F et al. Antimicrobial resistance in Neisseria gonor-
rhoege: global surveillance and a call for international collaborative action.
PLoS Med 2017; 14: €1002344.

6 Cole MJ, Spiteri G, Jacobsson S et al. Overall low extended-spectrum ceph-
alosporin resistance but high azithromycin resistance in Neisseria gonor-
rhoege in 24 European countries, 2015. BMC Infect Dis 2017;17:617.

7 Ohnishi M, Golparian D, Shimuta K et al. Is Neisseria gonorrhoeae initiating
a future era of untreatable gonorrhea? Detailed characterization of the first
strain with high-level resistance to ceftriaxone. Antimicrob Agents Chemother
2011;55:3538-45.

8 Unemo M, Golparian D, Nicholas R et al. High-level cefixime- and
ceftriaxone-resistant N. gonorrhoeae in France: novel penA mosaic allele in a
successful international clone causes treatment failure. Antimicrob Agents
Chemother 2012;56: 1273-80.

9 Camara J, Serra J, Ayats J et al. Molecular characterization of two high-
level ceftriaxone-resistant Neisseria gonorrhoeae isolates detected in
Catalonia, Spain. J Antimicrob Chemother 2012; 67: 1858-60.

10 Lahra MM, Ryder N, Whiley DM. A new multidrug-resistant strain of
Neisseria gonorrhoeae in Australia. N Engl J Med 2014; 371: 1850-1.

11 DeguchiT, Yasuda M, Hatazaki K et al. New clinical strain of Neisseria gon-
orrhoege with decreased susceptibility to ceftriaxone, Japan. Emerg Infect Dis
2016;22: 142-4.

12 Nakayama S, Shimuta K, Furubayashi K et al. New ceftriaxone-
and multidrug-resistant Neisseria gonorrhoeae strain with a novel mosaic
penA gene isolated in Japan. Antimicrob Agents Chemother 2016; 60:
4339-41.

13 Lahra MM, Martin I, Demczuk W et al. Cooperative recognition of inter-
nationally disseminated ceftriaxone-resistant Neisseria gonorrhoeae strain.
Emerg Infect Dis 2018; 24: 735-40.

14 Lefebvre B, Martin I, Demczuk W et al. Ceftriaxone-resistant Neisseria
gonorrhoeae, Canada, 2017. Emerg Infect Dis 2018; 24: 381-3.

15 Terkelsen D, Tolstrup J, Johnsen CH et al. Multidrug-resistant Neisseria
gonorrhoeae infection with ceftriaxone resistance and intermediate resist-
ance to azithromycin, Denmark, 2017. Euro Surveill 2017; 22: pii=17-00659.
16 Poncin T, Fouere S, Braille A et al. Multidrug-resistant Neisseria gonor-
rhoeae failing treatment with ceftriaxone and doxycycline in France,
November 2017. Euro Surveill 2018; 23: pii=1800264.

1593


http://www.eucast.org

Jacobsson et al.

17 Golparian D, Rose L, Lynam A et al. Multidrug-resistant Neisseria gonor-
rhoeae isolate, belonging to the internationally spreading Japanese FC428
clone, with ceftriaxone resistance and intermediate resistance to azithromy-
cinin Ireland, August 2018. Euro Surveill 2018; 23: pii=1800617.

18 Eyre DW, Sanderson ND, Emily LE et al. Gonorrhoea treatment failure
caused by a Neisseria gonorrhoeae strain with combined ceftriaxone and
high-level azithromycin resistance, England, February 2018. Euro Surveill
2018;23: pii=1800323.

19 Whiley DM, Jennison A, Pearson J et al. Genetic characterization of
Neisseria gonorrhoeae resistant to both ceftriaxone and azithromycin. Lancet
Infect Dis 2018;18:717-8.

20 Alirol E, Wi TE, Bala M et al. Multidrug-resistant gonorrhea: a research and
development roadmap to discover new medicines. PLoS Med 2017; 14:
€1002366.

21 Mason C, Meo P, Avis T et al. High density transposon mutant profiling to
enable discovery and development of novel antimicrobials. In: Abstracts of
ASM Microbe 2018, Atlanta, GA, USA. Abstract 662.

22 Breidenstein EBM, Avis T, Coward C et al. High density transposon mutant
profiling enables the discovery and development of novel antimicrobials. In:
Abstracts of ESCMID/ASM 2018, Lisbon, Portugal. Abstract 55. https://www.
summitplc.com/publications/.

23 Avis T, Breidenstein EBM, Coward C et al. SMT-571 (DDS-01): the develop-
ment of a novel oral antibiotic to treat multi-drug resistant Neisseria gonor-
rhoege. In: Abstracts of ASM Microbe 2018, Atlanta, GA, USA. Abstract 647.
https://www.summitplc.com/publications/.

24 Tapsall JW, Ndowa F, Lewis DA et al. Meeting the public health challenge
of multidrug- and extensively drug-resistant Neisseria gonorrhoeae. Expert
Rev Anti Infect Ther 2009; 7: 821-34.

25 Unemo M, Fasth O, Fredlund H et al. Phenotypic and genetic characteriza-
tion of the 2008 WHO Neisseria gonorrhoeae reference strain panel intended
for global quality assurance and quality control of gonococcal antimicrobial
resistance surveillance for public health purposes. J Antimicrob Chemother
2009; 63: 1142-51.

26 Unemo M, Golparian D, Sanchez-Bus6 L et al. The novel
2016 WHO Neisseria gonorrhoeae reference strains for global quality
assurance of laboratory investigations:  phenotypic, genetic and
reference genome characterization. J Antimicrob Chemother 2016; 71:
3096-108.

27 Avis T, Breidenstein EBM, Coward C et al. SMT026571: the development
of a novel oral antibiotic to treat multi-drug resistant Neisseria gonorrhoege.
In: Abstracts of ESCMID/ASM 2018, Lisbon, Portugal. Abstract 56. https://www.
summitplc.com/publications/.

1594


https://www.summitplc.com/publications/
https://www.summitplc.com/publications/
https://www.summitplc.com/publications/
https://www.summitplc.com/publications/
https://www.summitplc.com/publications/

	dkz060-TF1
	dkz060-TF2
	dkz060-TF3

