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Abstract

BACKGROUND: Azithromycin (AZI) is recommended with Ceftriaxone (CRO) for treatment of
uncomplicated gonococcal urethritis and cervicitis in the United States (US) and an AZI
susceptibility breakpoint is needed. Neither the FDA (Food and Drug Administration) nor the
CLSI (Clinical and Laboratory Standards Institute) has set interpretive breakpoints for AZI
susceptibility. As a result, AZI antimicrobial susceptibility testing (AST) cannot be interpreted
using recognized standards. This has contributed to increasingly unavailable clinical laboratory
AST, although gonorrhea is on the rise with over 550,000 US gonorrhea cases reported to the CDC
in 2017, the highest number of cases since 1991.

METHODS: This document summarizes the rationale data reviewed by the CLSI in June 2018.

RESULTS: CLSI decided to set a susceptible only interpretive breakpoint at the MIC (Minimum
Inhibitory Concentration) of and below 1 pg/ml. This is also the epidemiological cut-off value
(ECV), i.e., the end of the wild-type susceptibility distribution. This breakpoint presumes that AZI
(1 gm single dose) is used in an approved regimen that includes an additional antimicrobial agent
(i.e. CRO 250 mg, intramuscular [IM] single dose).

CONCLUSION: Having a breakpoint can improve patient care and surveillance, and allow future
development and FDA regulatory approval of modernized AST to guide treatment. The breakpoint
coincides with a EUCAST (European Committee on AST) decision to remove previously
established, differing AZI breakpoints and use the ECV as guidance for testing. The CLSI
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breakpoint is now the recognized standard that defines AZI susceptibility for gonococcal
infections.
SUMMARY

This document summarizes the rationale data that led to the recent CLSI decision to set a
susceptible only interpretive breakpoint for Neisseria gonorrhoeae and Azithromycin at a MIC
(Minimum Inhibitory Concentration) equal to and below 1 pg/ml.
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INTRODUCTION

Neisseria gonorrhoeae (herein referred to as GC or gonococcus) can rapidly develop
resistance to antimicrobial agents due to innate mechanisms for acquiring resistance genes.
As a result, previously recommended treatment options have eventually become ineffective.
Currently, CDC recommends dual therapy with CRO (250 mg) and AZI (1 g oral) for the
treatment of uncomplicated gonorrhea (1). Dual therapy has been recommended around the
world. Its use is thought to preserve the effectiveness of currently available drugs,
particularly CRO, because a strain is unlikely to be resistant to both drugs. Strains with
resistance to a single agent may be effectively eradicated when immediately treated with two
drugs if the strain is susceptible to the second agent.

CDC recommendations for treatment of gonococcal infections with AZI dual or
monotherapy have changed over time. Prior to the dual therapy recommendation, AZI
monotherapy was highly efficacious for GC treatment and gained regulatory approval but
was not CDC recommended because of side effects and cost at the 2 g dose. In 2006 and
2010, CDC recommended or allowed AZI as an alternative monotherapy for cephalosporin
allergic patients (2, 3). However, AZI was removed as an alternative monotherapy in the
2015 guidelines after documented treatment failures (1). CDC has recommended a dual
therapy GC treatment approach of 1 g AZI with CRO (and initially with other drugs) starting
in 2010 to mitigate the threat of emerging CRO resistance mutations (3). An established AZI
susceptibility cutoff is critical to guide future dual therapy recommendations, as a drug with
GC susceptibility is needed along with CRO to mitigate the emergence of CRO resistance.

In 2017, 555,608 GC cases were reported to the CDC, and an estimated 850,000 cases
occurred (4). Gonorrhea remained the second most notifiable condition in the US, behind
over 1.7 million reported chlamydia cases. In a recent analysis, CDC reported that 81% of
GC cases were treated with the recommended AZI and CRO regimen in a surveillance study
setting (5). Using the currently CDC recommended regimen, no confirmed gonorrhea
treatment failures have been reported in the US. Furthermore, US isolates with elevated
CRO MICs (=0.125 pg/ml) have been declining after a peak in 2010 and 2011 (4). Globally,
recent case reports from the United Kingdom (UK) and Australia identified a novel strain
with dual CRO and AZI resistance (6, 7), but such reports remain extremely rare given the
scale of the epidemic. Determining the susceptibility of individual strains to currently
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recommended regimens prior to treatment may become a valuable strategy for patient care.
However, those tests would need to be done at the point-of-care to benefit patients, and are
currently unavailable.

Gonorrhea is usually empirically treated with no antibiotic susceptibility testing (AST)
results available before treatment either based on a clinical syndromic diagnosis and/ or
Gram staining while the patient is still in the provider’s office, or after laboratory molecular
identification with NAAT (nucleic acid amplification testing) in persons with asymptomatic
infection (8). In the US, NAATS have largely replaced diagnostic culture methods because
NAATS are more sensitive, faster, and automated to allow cost-effective diagnosis. GC AST
requires culture methods and is often only undertaken in cases of suspected treatment
failure.

AST availability has become very scarce in the US. Many labs do not offer any AST even
for drugs with FDA and CLSI breakpoints (e.g., CRO, cefixime, tetracycline, penicillin) (9,
10). Results would only partially inform alternatives, as AZI is a component of most
treatment regimens. The lack of AZI breakpoints has kept manufacturers of user-friendly
culture devices (e.g., AZI EtestR, LiofilchemR or other disk tests) from seeking regulatory
approval because it is not possible without interpretative criteria. This leaves mainly the time
and labor-consuming agar dilution methods where results are too late to inform clinical
management. Lastly, the lack of breakpoints has slowed development of molecular
susceptibility tests due to the required interpretive criteria for FDA regulatory approval.
Such tests could bring substantial improvements in informed patient care because they could
be performed together with diagnostic NAAT or as reflex tests. Establishment of an AZI
breakpoint may pave the way for modernization of GC diagnostic methods and thereby
improve patient care.

METHODS

RESULTS

CLSI met in June 2018 and used its guidelines for development of susceptibility testing
criteria (11). They require examination of clinical efficacy, pharmacokinetics and —dynamics
(PK/PD), and in-vitro susceptibilities of the previous three years with associated genetic
determinants if available (11). EUCAST guidance is similar (12, 13). CLSI previously
reviewed susceptibility distributions and established an ECV of 1 ug/ml (Epidemiological
Cut-off Value; i.e. the end of the natural wild-type susceptibility distribution presumably
without acquired resistance mutations) in January 2017.

GC MIC Distributions

In-vitro susceptibilities came from US national GISP data (Gonococcal Isolate Surveillance
Project), 2014—- 2016. This CDC-led sentinel site surveillance project existed since 1987.
Briefly, isolates are collected from the first 25 men with urethral gonococcal infection (after
presumptive identification including gram stain) each month, and in approximately 25-30
STD clinics throughout the US (14). Depending on year, four or five regional laboratories
conducted AST by agar dilution method as described by CLSI (15) and further by GISP
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(16). ATCC 49226 and 2 — 6 additional GC strains were included for quality control,
depending on GISP year. Figure 1A shows the AZI MIC distribution of 15,496 isolates from
2014 — 2016. The mode was 0.25 pg/ml. 97.1% of isolates had a MIC of 1 pg/ml or lower,
2.9% had higher MICs. ECV calculations using four methods (17-20) resulted in 1 ug/ml.
This confirms previous evaluations and indicates the ECV has not changed.

The committee examined previous distributions to determine possible shifts. Potential recent
deviations from wildtype could lower the efficacy of drugs evaluated in a different era.
Figure 1B shows GISP MIC distributions from 21 years, 1992 —2012. This includes an era
in the 1990s when AZI monotherapy was systematically evaluated and found efficacious
(see below). The data are separately analyzed for years 1992 — 2004 [dark grey] because a
media change occurred in 2005 (see below), 2005- 2012 [black], and these 21 years together
[light grey]. For thirteen years, from 1992 until 2004, the mode was 0.125 pg/ml. There was
a shift higher by one dilution after 2004. A closer review of available CDC documents
revealed that in 2005, an increase in MICs occurred by one dilution when a key
manufacturer changed the formulation of commercial media. The change was of unknown
nature, but happened simultaneously in the five participating GISP reference laboratories. A
slight pH shift has been suspected because AZI is pH dependent while other drugs are not.
This prompted GISP to change its criteria for “alerting” CDC from a MIC of 1 to 2 pg/ml in
2006; the only such AZI GISP change. The mode was 0.25 pg/ml from 2005 — 2012 (Fig
1B) and also in 2014 — 2016 (Fig 1A), demonstrating stability. In sum, CLSI concluded the
modal MIC is now 0.25 pg/ml and has been stable during GISP if corrections for a
documented media change are made.

AZI is a macrolide; the mechanism of antibacterial action is to bind to nucleotides in 23S
rRNA, blocking protein synthesis. Mutations in genes coding for 23S rRNA have been
associated with monotherapy failure, particularly when all four alleles of GC are impacted
(21). Namely, reports by Marita-Ishihara T et al (22) and Gose SO (23) identified treatment
failures and isolates with MICs of 4 or = 256 ug/mL, respectively, associated with 23S
rRNA C2611T and A2059G mutations, respectively. Other genetic mutations (e.g.,
meningococcal-like [mosaic] mirR) can also increase MICs, but often to a lower degree (24,
25). These other mutations have not been associated with treatment failure and were not
examined by CLSI.

732 GISP isolates from 2013 — 2015 have undergone whole genome sequencing, previously
published (24, 26). We now performed genetic marker analysis on this convenience sample
(Fig. 2) which consisted of 187 isolates with elevated MICs (AZl = 2, CFX = 0.25, or CRO
>0.125 pg/mL, considered “alert” GISP isolates (16)), and 545 non-alert GISP isolates.
Fifty-one isolates had the C2611T mutation; all isolates with four copies of these mutations
had MICs of 16 pug/ml or above (Fig 2A). Only three GISP isolates harbored the A2059G
mutation, and all had MICs of 16 ug/ml or above (Fig 2B). To our knowledge, these GISP
isolates were not associated with treatment failure.

Clinical data on AZI efficacy for gonococcal urethritis

AZI has many advantageous characteristics. First, it has activity against Chlamydia
trachomatis, GC, and Mycoplasma genitalium. These sexually transmitted infections can
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occur together with overlapping symptoms and are often treated syndromically. Increasingly,
antibiotic resistance can occur in some of these infections (summarized in (27)). AZI is
generally well tolerated and safe during pregnancy. It works as single dose therapy, is well
tolerated in expedited therapy of heterosexual sex partners and cost is acceptable (28).

FDA approved an AZI indication for gonococcal urethritis and cervicitis after monotherapy
was systematically evaluated in the 1980s and 1990s (29). CLSI reviewed the largest
multicenter, open, randomized control trial by Handsfield et al, conducted in ten US public
STD clinics and enrolling 724 men and women (30). The authors reported that monotherapy
with a single oral 2 g AZI dose was 99.9% effective against uncomplicated urogenital
gonorrhea (95% confidence interval [95%CI] 97.9%-100%). Another study arm with CRO
monotherapy had 97.7% efficacy (95%CI 95.5%-99.9%). The report included no AST or
PK/PD data. The committee considered the availability of GISP data from the time period
relevant. As shown in Fig 1B, in 1992 — 2004, 3.1% (n=1,849) of the 60,298 GISP isolates
had MICs of 0.5 ug/mL and above; this cutoff is equivalent to today’s MIC of 1 ug/mL due
to the media change. This suggests that GC with this MIC was likely present and AZI
susceptible during the Handsfield trial. GC cultures without AST were used to demonstrate
treatment efficacy of 99.6% (male urethra), 80% (male rectum), 97.8% (cervix or female
urethra), 100% (female rectum), 100% (all pharynx) (30). Of note, defining microbiologic
cure on the basis of negative GC cultures rather than NAAT remains the preferred method,
as recently discussed for the evaluation of the drug Zoliflodacin (31).

Handsfield et al reported gastrointestinal side effects (30). Several smaller European studies
evaluated 1 g AZI due to fewer side effects and lower cost (e.g., (32, 33)). In 2010, Bignell
and Garley conducted a systematic review of all available clinical data from 1990 — 2006
(34). They identified nine prospective studies of 1g AZI with an aggregate cure rate of
520/539 cases (96.5%; 95% CI 94.3% - 97.6%). When retrospective studies by Habib and
Fernando (35) were included, the aggregate rate was 688/ 709 (97.0%; 95% CI1 95.2 —
97.9%) (34). Post-or pre-treatment in-vitro AST was rarely performed in those studies (34).
There are no contemporary US data on monotherapy efficacy including microbiologic
treatment outcomes; the committee noted a need for further comprehensive investigation. A
2014 trial evaluated a single 2 g oral dose with extended release formulation in 130 Japanese
men (36). The overall efficacy was lower at 93.8%, with 100% eradication associated with
urethral isolates with MICs of < 0.25 pg/mL (n=57), 96.9% eradication associated with
MICs of 0.5 (n=31/32), 58.3% eradication with MICs of 1 (n=7/12), and persistent infection
associated with isolates with MICs of 2 or greater (n=2). However, microbiological cure was
evaluated with NAAT at 7 to 14 days post treatment, which is known to detect remaining
DNA from non-viable organisms ((37), reviewed and commented on by Zenilman (38)).
Non-random DNA persistence associates with higher MICs to the provided treatment (37);
nevertheless, it subsides over time and is below the threshold for culture (37). It results in
over-estimation of clinical failure (37, 38), hence, regulatory agencies prefer culture as
method for microbiologic cure as recently discussed for the efficacy trial of Zoliflodacin by
Taylor et al (31). Another limitation was that it was a single study conducted in Japan, with
associated isolates of significantly higher MICs than seen in GISP ((36); statistical
comparison of GISP and study isolates not shown), limiting impact on global susceptibility
definitions.
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CLSI also reviewed limited clinical data from case reports of treatment failure of
monotherapy (39-43), and dual therapy (6, 7, 44). A recent US surveillance study by Weston
et al found that 3.1% of gonorrhea infections were treated with AZI monotherapy (3);
nevertheless, reports of treatment failure after monotherapy are rare. A notable case of
confirmed AZI monotherapy failure occurred in Oregon (40) when the initial strain had a
MIC of 1 pg/ml, but the re-tested MIC was 8 pg/ml after treatment in a patient without
sexual re-exposure. This suggests resistance mutations were acquired or the patient had a
“mixed infection”, i.e., infection with at least two strains of different MICs (45). Cases of
dual therapy failure with very high AZI MICs (>256 ug/mL) have not occurred in the US to
our knowledge.

Pharmacokinetic and —dynamic (PK/PD) evaluations of AZI

CLSI largely focused on the ZithromaxR packet insert (Pfizer AZI brand name) for PK/PD
data review (46). The packet insert relied on evaluations prior to FDA approval in the 1970s
through 1990s (reviewed in (47, 48)), including animal studies showing higher drug
availability in tissues than in serum (49, 50). In particular, after oral administration, AZI
rapidly leaves the circulation to enter tissues achieving high and prolonged drug
concentrations in peripheral sites such as skin and mucosal tissues including genital sites.
According to the ZithromaxR packet insert, oral administration of a single 500 mg dose to
healthy adult volunteers results in a mean Tax in blood of only 2.2 hours, with a Cp,ax Of
0.5 pg/mL. Nineteen hours later, drug concentration in the cervix (the only genital tissue
with detailed drug measurements given) is 2.9 pug/g, 70-fold higher than in blood. Other
genital tissues were examined and had extensive drug distribution but exact levels were not
reported (46). At 10 — 12 and 9 — 18 hours, sputum and tonsils had AZI concentrations of 2.9
ug/mL and 4.5 ug/g, 30 and >100 fold greater than in blood, respectively (29). This may
reflect levels in the overall oral cavity, a potentially very important site for GC persistence.
GC is a facultative intracellular bacteria and can survive in polymorphonuclear leukocytes
(PMNSs). The package insert reports that median AZI exposure (AUC _ogg) in PMNs was
800-fold greater than in serum following a three day regimen (46).

Only a limited number of PK/PD studies have been done since then, e.g., evaluations of 1 g
for extra-genital C. trachomatis infections in Australia (51, 52). Slow-release and regular
AZI formulations were compared in blood but not genital tissues (53), finding their
bioavailability comparable in serum of Japanese men with gonococcal urethritis (54).

DISCUSSION

The following summarizes CLSI’s rationale and public health considerations supportive of
setting the susceptibility breakpoint at the MIC of 1 ug/ml. It is justified by the end of the
wild-type susceptibility distribution, i.e., the stable and confirmed ECV of 1 pg/ml. There is
evidence of clinical susceptibility to AZI monotherapy from rigorous clinical efficacy
evaluation in the 1990s through early 2000s (reviewed in (34)) when an estimated 3.1% of
US GISP isolates had an equivalent MIC or higher (Fig 1B). In addition, there have been no
reports of dual therapy failures in the US. In instances of suspected treatment failures,
specimens can be submitted to CDC for AST (instructions online (55)). CDC is regularly
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contacted for suspected failures, however upon further evaluation these infections have been
due to sexual re-infection when partners are not effectively treated and when patients did not
abstain from sexual activity until their partner has completed treatment, as is recommended.

Another line of reasoning is a public health concern related to protecting currently
recommended drugs such as CRO, until progressive resistance is demonstrated through
surveillance. If a lower AZI susceptibility breakpoint were set, more gonorrhea strains
would appear closer to the limit of susceptibility. It is possible that providers could
increasingly digress from recommended dual therapy in order to increase perceived likely
treatment success for their patient. This may include the use of higher AZI doses - which
could lead to an increased risk of gastrointestinal side effects and higher cost- or the use of
other broad spectrum antimicrobials. Importantly, these changes are urgently needed for
highly resistant cases and for the preservation of future options should new effective GC
drugs fail to materialize.

In international reports of gonorrhea treatment failures with high in-vitro AZl and CRO
MICs, ertapenem was used for treatment (4, 5). There is currently no evidence of a clinical
benefit of this drug for cases with AZI MIC of 1 ug/ml. To illustrate, as shown in Figure 1A,
1,298 cases from sentinel surveillance in 2014 — 2016 had isolates with MIC of 1 pg/ml or
above. To our knowledge, all of the patients responded to dual therapy and resolved their
infections. This suggests that the use of broad spectrum antibiotics, potentially associated
with costly hospital-supervised infusion, would be neither necessary nor beneficial for the
patient. If CRO or ertapenem monotherapy use increases, it is possible that resistance will
emerge, further threatening the few remaining options for treatment.

The CDC STD treatment recommendations will undergo review in the near future, after
systematic expert review of available evidence including GISP data. When resistance to
recommended treatment reached 5% in the past, a change in treatment recommendations is
considered (2, 3). A change may eventually be recommended due to emerging isolates with
AZ] MICs well above 1 pg/mL and if co-occurring with CRO decreased susceptibility. There
are limited current alternatives and uncertainty for drugs in the pipeline. Having an AZI
susceptibility breakpoint can be beneficial because it can allow AST- guided treatment in
individual patients.

These deliberations left open the question of a resistance breakpoint. Treatment failures with
some recent strains with presumably very high-level resistance and MICs >256 pg/ml have
emerged (e.g., (6, 7, 23), others), mostly associated with the discussed 23S rRNA mutations.
While there is agreement on their association with treatment failure, there is still not clear
and sufficient clinical efficacy data available on infections caused by isolates with MICs of
2, 4 ug/ml, and so forth. CLSI established a “susceptible only” breakpoint and deferred a
decision to set an intermediate or resistant breakpoint pending the availability or review of
additional data. Setting a disk diffusion breakpoint was also deferred pending acquisition of
correlative AST data.

Finally, to reflect lingering uncertainty of today’s clinical AZI efficacy given high dual
therapy uptake, the committee recommended to follow a CLSI precedent for Helicobacter
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pyloriinfection (9) and added the comment “This breakpoint presumes that AZI (1 gm
single dose) is used in an approved regimen that includes an additional antimicrobial agent
(i.e. CRO 250 mg IM single dose)”.

Since the CLSI decision, USCAST (US Committee on AST) adopted CLSI’s susceptibility
breakpoint (56). In January 2019, EUCAST replaced previously established differing GC
AZI breakpoints with a note “AZI is always used in conjunction with another effective
agent. For testing purposes with the aim of detecting acquired resistance mechanisms, the
ECOFF is 1 mg/L.” (57) (ECOFF = Epidemiologic cut-off value, equivalent to ECV). Thus,
these standard setting institutes similarly noted the need for dual therapy and similarly
concluded the ECV of 1 ug/mL marks the end of wild-type susceptibility. CLSI adopted the
EVC as susceptible breakpoint while EUCAST currently has no AZI breakpoints. This
leaves the CLSI susceptible only AZI GC breakpoint as main interpretative criteria
established by a recognized standard setting institute. The breakpoint gives much-needed
guidance for laboratory-supported clinical gonorrhea care. It can also be used by researchers
and public health officials in communications to precisely define GC antimicrobial
susceptibility.
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1A: AZI MIC Distribution, GISP 2014 - 2016
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Fig. 1.

A:gAZI susceptibilities of 15,496 GISP GC isolates from the US national surveillance
project GISP 2014 — 2016, as determined by the agar dilution method. The dotted line
represents previous and current ECV determinations. The x-axis reflects the range of
dilutions in the current GISP protocol. B: AZI susceptibilities of GISP GC isolates from
1992 — 2004 (dark grey), 2005 — 2012 (black), and 1992 — 2012 (light grey), as determined
by agar dilution and previously reviewed by CLSI. The circle at 0.5 and 1 pg/ml highlights
isolates at the CLSI breakpoint before and after 2005 when a media change took place. The
shift in MICs by one dilution was likely due to a change in commercial media formulation.
It occurred in all participating reference laboratories for AZI only in 2005. This prompted
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the CDC to change its alert criteria upwards by one dilution as a single event in 2006.
Except for this occurrence, no substantial shift in the modal MIC has occurred in GISP.
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Fig 2:

GC genetic marker association with AZI MICs. A previously sequenced convenience sample
of 732 GISP isolates from 2013 — 2015 underwent genetic marker analysis at CDC.
Analyses of the 23S rRNA C2611T (A) and A2059G (B) mutations are shown. The wild-
type base at position 2611 is C, and is A at position 2059. The circle at =216 ug/ml highlights
the three isolates with the A2059G mutation.
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