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ABSTRACT Here, we report the draft genome assemblies of 14 azithromycin-resistant
Neisseria gonorrhoeae clinical isolates, representing the first such strains identified in
Ireland. Among these isolates are the first reported highly resistant strains (MIC
�256 mg/liter), which both belonged to the ST1580 sequence type.

Neisseria gonorrhoeae remains an urgent health care challenge in the face of
emerging resistance to first-line therapeutic agents. Resistance to azithromycin

(AZT), an antibiotic used in dual treatment regimes, represents a worrying development
(1). We have previously described two clinical cases involving highly AZT-resistant
N. gonorrhoeae isolates belonging to ST1580 —the first such cases identified in Ireland
(2, 3). These strains were identified during surveillance of drug-resistant N. gonorrhoeae
and noted for their high-level resistance (MIC�256 mg/liter). Here, we report genome
assemblies for these and 12 additional resistant strains detected in Ireland (MICs
ranging from 1 to 16 mg/liter).

Sequencing libraries of N. gonorrhoeae genomic DNA were generated using the
NexteraXT library preparation kit (Illumina, Eindhoven, the Netherlands) and sequenced
on an Illumina MiSeq instrument at the TrinSeq sequencing lab (Trinity College Dublin)
using MiSeq v3 reagents (300-base paired-end run). Genome sequence assembly,
analysis and automated reporting were carried out using the Simplicity analysis
platform (NSilico Lifescience Ltd., Ireland)—pipeline v1.4 (4). Genome assemblies
are detailed in Table 1. Strain multilocus sequence types (MLST) were determined
using pubMLST (http://pubmlst.org/neisseria/— database release 2017/4/10) (5). Se-
quencing reads were also aligned to the N. gonorrhoeae NCCP11945 genome
(CP001050) using the Burrows-Wheeler short-read aligner (BWA, version 0.7.12-r1039)
and interstrain genetic variations, including those present in antibiotic resistance genes,
were resolved using SAMtools (version 0.1.19-96b5f2294a) (6, 7).

Analysis of the two highly AZT-resistant strains (MIC�256 mg/liter) confirmed the
presence the A2059G mutation in the 23s rRNA gene as previously reported (2). Three
and four copies of this mutant allele were inferred in the AZT-resistant ST1580 strains
from 2008 and 2014, respectively, through assessment of the percentage reads sup-
porting mutant allele calls (ca. 75% versus 100% supporting calls in the 2008 versus
2014 isolate relative to the NCCP11945 23s rRNA sequence). In addition, 355 variant
loci differed between the 2008 and 2014 ST1580 isolates. Interestingly, the majority
of these variants (314/355) occurred within a 7,715 bp region known to contain
phase-variable antigenic factors including pilin (opa) and exopolyphosphatase (ppx)
genes in NCCP11945 (NGK_0745-0755) (8). Thus, this putative antigen-switching event

Received 10 April 2017 Accepted 11 April
2017 Published 8 June 2017

Citation Mac Aogáin M, Fennelly N, Walsh A,
Lynagh Y, Bekaert M, Lawlor B, Walsh P, Kelly B,
Rogers TR, Crowley B. 2017. Fourteen draft
genome sequences for the first reported
cases of azithromycin-resistant Neisseria
gonorrhoeae in Ireland. Genome Announc
5:e00403-17. https://doi.org/10.1128/
genomeA.00403-17.

Copyright © 2017 Mac Aogáin et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Micheál Mac
Aogáin, m.macaogain@tcd.ie.

* Present address: Michaël Bekaert, Institute of
Aquaculture, University of Stirling, Stirling,
Scotland, United Kingdom.

PROKARYOTES

crossm

Volume 5 Issue 23 e00403-17 genomea.asm.org 1

http://orcid.org/0000-0002-1726-7700
http://pubmlst.org/neisseria/
https://doi.org/10.1128/genomeA.00403-17
https://doi.org/10.1128/genomeA.00403-17
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:m.macaogain@tcd.ie
http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00403-17&domain=pdf&date_stamp=2017-6-8
http://genomea.asm.org


TA
B

LE
1

G
en

om
ic

se
qu

en
ce

as
se

m
b

ly
ov

er
vi

ew

St
ra

in
Y

r
is

ol
at

ed
Sp

ec
im

en
ty

p
e

A
ZT

M
IC

(m
g

/l
it

er
)

23
S

rR
N

A
m

ut
at

io
ns

a

M
LS

T
A

ss
em

b
ly

si
ze

(b
p

)
Fo

ld
co

ve
ra

g
e

%
G

�
C

N
o.

of
co

n
ti

g
s

N
5

0
(b

p
)

Si
ze

of
la

rg
es

t
co

n
ti

g
(b

p
)

G
en

B
an

k
ac

ce
ss

io
n

n
o.

A
20

59
G

C
26

11
T

N
G

SJ
H

7
20

08
U

re
th

ra
l

sw
ab

�
25

6
�

(3
/4

)
�

ST
15

80
2,

07
5,

38
4

17
3�

52
.6

9
12

0
33

,4
84

68
,1

14
N

A
G

L0
00

00
00

0
N

G
SJ

H
11

20
14

U
re

th
ra

l
sw

ab
�

25
6

�
�

ST
15

80
2,

07
9,

90
8

11
6�

52
.7

6
14

5
22

,8
26

13
9,

12
8

N
A

G
P0

00
00

00
0

N
G

SJ
H

13
20

08
U

re
th

ra
l

sw
ab

16
�

�
N

ov
el

ST
b

2,
13

9,
24

8
14

7�
52

.6
3

13
1

30
,9

39
10

6,
47

7
N

A
G

R0
00

00
00

0
N

G
SJ

H
16

20
08

U
re

th
ra

l
sw

ab
16

�
�

ST
78

22
2,

12
0,

18
0

16
6�

52
.5

4
12

5
35

,3
03

10
8,

37
3

N
A

G
T0

00
00

00
0

N
G

SJ
H

5
20

11
U

re
th

ra
l

sw
ab

12
�

�
ST

93
63

2,
09

7,
06

6
13

0�
52

.7
5

14
7

23
,4

49
75

,8
54

N
A

G
K0

00
00

00
0

N
G

SJ
H

9
20

14
U

re
th

ra
l

sw
ab

8
�

�
(2

/4
)

ST
19

01
2,

12
0,

29
1

14
7�

52
.5

12
2

32
,9

84
10

5,
72

7
N

A
G

N
00

00
00

00
N

G
SJ

H
12

20
14

U
re

th
ra

l
sw

ab
8

�
�

ST
15

87
2,

13
1,

82
4

11
4�

52
.6

2
12

1
26

,2
78

82
,1

35
N

A
G

Q
00

00
00

00
N

G
SJ

H
8

20
11

U
re

th
ra

l
sw

ab
2

�
�

ST
15

79
2,

09
0,

73
4

15
8�

52
.6

9
13

5
23

,4
47

10
5,

77
2

N
A

G
M

00
00

00
00

N
G

SJ
H

4
20

12
U

re
th

ra
l

sw
ab

2
�

�
ST

93
63

2,
05

3,
54

1
13

0�
52

.8
3

11
9

27
,0

39
10

8,
38

5
N

A
G

J0
00

00
00

0
N

G
SJ

H
1

20
09

U
re

th
ra

l
sw

ab
1

�
�

ST
19

01
2,

12
7,

93
7

72
�

52
.4

7
13

1
27

,3
71

10
8,

55
4

N
A

G
H

00
00

00
00

N
G

SJ
H

2
20

09
U

re
th

ra
l

sw
ab

1
�

�
ST

15
82

2,
10

8,
84

4
18

6�
52

.6
5

10
5

35
,8

56
17

5,
10

4
N

A
G

I0
00

00
00

0
N

G
SJ

H
10

20
14

U
re

th
ra

l
sw

ab
1

�
�

ST
93

63
2,

07
5,

74
9

16
1�

52
.6

9
11

1
34

,9
49

10
6,

00
4

N
A

G
O

00
00

00
00

N
G

SJ
H

14
20

14
U

re
th

ra
l

sw
ab

1
�

�
ST

93
63

2,
06

9,
97

5
17

3�
52

.7
3

11
3

35
,2

82
13

9,
97

3
N

A
G

S0
00

00
00

0
N

G
SJ

H
17

20
14

U
re

th
ra

l
sw

ab
1

�
�

ST
73

63
2,

12
5,

52
1

14
6�

52
.5

4
12

1
34

,7
43

10
5,

12
4

N
A

G
U

00
00

00
00

a
�

,s
up

p
or

te
d

b
y

10
0%

of
m

ut
an

t
ca

lls
;(

3/
4)

,s
up

p
or

te
d

b
y

75
%

of
m

ut
an

t
ca

lls
;(

2/
4)

,s
up

p
or

te
d

b
y

50
%

of
m

ut
an

t
ca

lls
;�

,w
ild

ty
p

e.
b
A

lle
lic

p
ro

fil
e:

ab
cZ

,5
9;

ad
k,

39
;a

ro
E,

67
;f

um
C,

15
6;

gd
h,

15
0;

pd
hC

,1
53

;p
gm

,1
33

.

Mac Aogáin et al.

Volume 5 Issue 23 e00403-17 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/NAGL00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGP00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGR00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGT00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGK00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGN00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGQ00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGM00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGJ00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGH00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGI00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGO00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGS00000000
https://www.ncbi.nlm.nih.gov/nuccore/NAGU00000000
http://genomea.asm.org


differentiated the temporally isolated highly AZT-resistant ST1580 strains, which also
differed from each other at 41 other sites broadly distributed throughout the genome.
Among five non-ST1580 strains exhibiting lower AZT resistance levels (MIC 50 � 8
mg/liter), an alternative AZT resistance mutation in the 23s rRNA (C2611T) was ob-
served, whereas strains with neither the A2059G nor C2611T mutations were less
resistant again (n � 8, MIC 50 � 1 mg/liter). An exception to this trend observed in a
single strain (NGSJH13, MIC � 16 mg/liter) lacking any known resistance mutations in
the 23s rRNA gene. This strain harbored a distinguishing loss of function mutation in
mtrR, which could potentially account for its increased resistance, as functional loss
of the MtrR regulator has been linked to AZT resistance in this species (9). These
data provide a foundation for future surveillance of resistant N. gonorrhoeae in
Ireland and internationally and highlights mechanisms of resistance and antigenic
variability among AZT-resistant strains.

Accession number(s). This whole-genome shotgun project has been deposited at

DDBJ/EMBL/GenBank under the accession numbers given in Table 1.
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