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Purpose: Injectable ceftriaxone and oral cefixime are the last agents effective against

Neisseria gonorrhoeae. In vitro antimicrobial-susceptibility testing (AST) is done to identify

the most efficacious antibiotic needed to combat the infection in that particular individual.

The objective of this study was to evaluate whether Kirby–Bauer (KB) disk-diffusion tests

can detect N. gonorrhoeae isolates that have decreased susceptibility to ceftriaxone and

cefixime for appropriate clinical management.

Methods: A total of 1,633 consecutive clinical isolates of N. gonorrhoeae were collected

from January 1, 2013 to December 31, 2017 from seven dermatology clinics located in five

provinces in China. Consistency between KB disk-diffusion tests and the agar-dilution

method, as well as sensitivity of the KB test for detecting N. gonorrhoeae isolates with

decreased susceptibility to ceftriaxone and cefixime, were determined using 1,306 clinical

isolates that had been recovered to complete agar-dilution AST.

Results: The prevalence of isolates with decreased susceptibility to ceftriaxone and cefixime

was 12.1% (198 of 1,633) and 12.7% (208 of 1,633), respectively, using KB disk-diffusion

tests. The prevalence of isolates with decreased susceptibility was 9.9% (129 of 1,306) for

ceftriaxone and 9.9% (129 of 1,305) for cefixime using agar-dilution AST. The categorical

agreement of these two methods was 80.9% for both ceftriaxone and cefixime. Compared to

agar-dilution AST, the sensitivity of the KB test for detecting N. gonorrhoeae isolates with

decreased susceptibility was 22.5% (29 of 129) for ceftriaxone and 29.5% (38 of 129) for

cefixime, and its specificity 87.3% (1,028 of 1,177) for ceftriaxone and 86.7% (1,018 of

1,176) for cefixime.

Conclusion: Although KB tests are easy to carry out in clinical practice, their ability to

detect cephalosporin-resistant gonorrhoea strains is limited. This method is not an appro-

priate selection for screening cephalosporin-resistant gonorrhoea strains in clinical practice in

China.

Keywords: Neisseria gonorrhoeae, Kirby–Bauer disk-diffusion tests, agar-dilution method,

susceptibility, screen

Introduction
Gonorrhea remains one of the most common sexually transmitted diseases (STDs)

in the world.1 Untreated gonorrhea can result in sequelae including chronic pelvic

pain, pelvic inflammatory disease, ectopic pregnancy,2 infertility in women,3 and

increasing the risk of infection with HIV.4 Since an effective vaccine for gonorrhea

is not yet available, timely diagnosis and effective treatment with antimicrobials

continue to be the mainstay of disease control. However, antimicrobial resistance
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has emerged for each of the antibiotics recommended as

first-line therapies following their introduction to clinical

practice.5 Recently, extended-spectrum cephalosporins

(ESCs), such as injectable ceftriaxone and oral cefixime,

are the last agents effective against Neisseria gonorrhoeae.

However, the proportion of N. gonorrhoeae isolates with

decreased susceptibility to ceftriaxone6,8 and the reported

number of clinical failures following treatment with these

ESCs9,12 has increased over the past decade. If the sus-

ceptibility of N. gonorrhoeae isolates to ESCs is uncertain,

this can lead to therapeutic failures or overtreatment.13

Therefore, timely differentiation between ESC-resistant

and -susceptible strains is very important for appropriate

patient management.

In vitro antimicrobial-susceptibility testing (AST) is used

to determine the response of microorganisms to antimicrobial

agents to guide clinicians in predicting an in vivo response to

antimicrobial therapy. There are several AST methods avail-

able for N. gonorrhoeae. Methods recommended by the

Clinical and Laboratory Standards Institute14 include agar

dilution and E-test techniques that determine the minimum

inhibitory concentration (MIC) of antimicrobials and the

disk-diffusion method. The agar-dilution method is recom-

mended as the global gold standard for antimicrobial-

resistance surveillance of N. gonorrhoeae at present.

However, conventional agar-dilution methods are labor-

intensive, require a lot of glassware, and excessive pipetting

adds to a larger error margin. Multiple dilutions can cause

further errors, and change of personnel will alter the way

drugs are diluted. Furthermore, it is difficult to maintain the

confluence of culture that needs to be uniform in all experi-

ments. However, the biggest issue is the cost, because these

experiments are usually repeated two or three times in order

to have conclusive results. The time required for agar dilution

can result in a significant delay in the administration of an

effective drug.15 The E-test is an impervious carrier with

a continuous gradient of antimicrobial agent applied to one

side of the strip. The test is performed in the same manner as

the disk-diffusion test. It determines the MIC of antimicro-

bial agents; however, this method currently has restricted

clinical utility in China, due to its high cost. In clinical

microbiology laboratories, the disk-diffusion method

described by Bauer et al in 196616 is still an affordable,

accurate, reliable, and highly standardized AST method for

guiding clinical management, with the advantages of low

consumable costs and flexible drug testing for many micro-

bial infections. Most clinical laboratories in China can carry

out the Kirby–Bauer (KB) test for N. gonorrhoeae, and the

proportion of N. gonorrhoeae isolates with decreased sus-

ceptibility to ceftriaxone is much higher than in other

countries.13 Therefore, we attempted to explore the utility

of the KB test as a screening test for immediate detection of

N. gonorrhoeae isolates that have decreased susceptibility to

ceftriaxone and cefixime for guiding appropriate clinical

management in China. However, the accuracy of the disk-

diffusion method to detect gonococcal strains with decreased

susceptibility is still controversial, for the number of ESC-

resistant isolates has been extremely small in published

studies.17,18 The objective of this study was to evaluate

whether the disk-diffusion technique can offer timely detec-

tion of cephalosporin-resistant strains for appropriate clinical

management by using approximately 10% of strains with

decreased susceptibility to ceftriaxone (129 of 1306) and

cefixime (129 of 1,305) from the China Gonorrhoeae

Resistance Surveillance Program (GRSP).

Methods
N. gonorrhoeae Isolates
A total of 1,633 consecutive and nonrepetitive clinical iso-

lates of N. gonorrhoeaewere collected from January 1, 2013

to December 31, 2017 from seven dermatology clinics in five

different provinces (Tianjin, Beijing, Guangdong, Guangxi,

and Hainan). These samples were part of the GRSP, and had

been saved for use in the present study. Ethics approval for

the study was obtained from the Medical Ethics Committee

at the Institute of Dermatology, Chinese Academy of

Medical Sciences and Peking Union Medical College

(approval 2014-LS-026). Methods used for isolation and

identification of N. gonorrheae have been described

previously.13

KB Disk-Diffusion Tests
AST was performed by the KB disk-diffusion technique

using a GC agar base (Oxoid, Basingstoke, UK) with 1%

BBL IsoVitalex Enrichment (BD Diagnostics, Franklin

Lakes, NJ, USA) with following concentration disks

(Oxoid) of ceftriaxone 30 μg and cefixime 5 μg. The results

were interpreted by measuring inhibition-zone diameters and

categorizing as susceptible and insusceptible in accordance

with the Clinical and Laboratory Standards Institute. For

ceftriaxone, we categorized inhibition-zone diameters as sus-

ceptible at ≥35 mm and insusceptible at <35 mm. For cefix-

ime, we categorized inhibition-zone diameters as susceptible

at ≥31 mm) and insusceptible at <31 mm. This work was
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carried out after timely isolation and purification of the

collected strains.

Agar-Dilution AST
Agar-dilution AST was conducted at the central STD

laboratories of the participating provinces around

December every year according to WHO recommenda-

tions. A detailed procedure for assessing MIC for ceftriax-

one was described in our previous study.7 Concentrations

of cefixime were 0.008, 0.015, 0.03, 0.06, 0.125, 0.25, 0.5,

1.0, and 2.0 mg/L. MIC-interpretive criteria were in accor-

dance with the WHO guideline, which defines decreased

susceptibility for ceftriaxone as MIC ≥0.125 mg/L and

cefixime as MIC≥0.25 mg/L.

Control Strains
N. gonorrhoeae ATCC 49,226 and WHO reference strains

G, K J, P, and L were used as controls for KB disk-

diffusion and agar-dilution MIC testing. All agar-dilution

MIC results for control strains were within the ±1 dilution

factor. The reproducibility of control strains tested for the

KB disk-diffusion test was >95%. For quality assurance,

all the central STD laboratories participated in the external

quality-assurance program for agar-dilution MIC testing of

the WHO Western Pacific GASP through the National

STD Reference Laboratory in Nanjing, China. Results

showed 100% agreement with the reference laboratory

results from 2013 to 2017.

Statistical Analysis
All data analysis was performed using SPSS version 22.0

(IBM, Armonk, NY, USA) for descriptive and inferential

analyses. MIC50 and MIC90 of the tested clinical isolates

were determined. Pearson’s correlation coefficient (r-values)

was generated for each cephalosporin agent indexed by sus-

ceptibility testing. A correlation coefficient ≥0.8 was consid-

ered acceptable. Categorical definitions of susceptible and

insusceptible were assigned based on the MICs and using

the Clinical and Laboratory Standards Institute–defined inter-

pretive criteria.19 The performance of the KB disk-diffusion

test was determined by categorical agreement andminor error,

which were compared with those of the agar method. The

results of N. gonorrhoeae for ceftriaxone and cefixime sus-

ceptibility by agar dilution ASTand the KB disk-diffusion test

are only “susceptible” and “insusceptible”, so in this study we

only calculated minor error. Categorical agreement is the

agreement of the sensitivity to ceftriaxone and cefixime

between KB disk-diffusion test and agar dilution. Minor

error indicates the test result by either agar-dilution AST

being interpreted as resistant or susceptible and a KB-test

result of intermediate, or agar-dilution AST result of inter-

mediate and KB-test result of resistant or susceptible.

Acceptable performance rates were taken as≥90% for catego-

rical agreement and ≤7% for minor error.20 Consistency of

sensitivity to ceftriaxone and cefixime between KB disk-

diffusion test and agar dilution was compared using

McNemar’s χ2 test, yielding P>0.05, which indicated no sig-

nificant difference.

Results
A total of 1,633 gonococcus samples in this study were

isolated from 1,526 men (93.4%) and 107 women (6.6%).

The average age of participants was 33.5±11.0 years.

Isolates were predominantly from the urethra in men

(1,505 of 1,526, 98.62%) and the cervix in women (107 of

107, 100%). The recovery rate of collected N. gonorrhoeae

strains was 80% (1306 of 1633). All recovered strains

(1,306) had had agar-dilution tests for ceftriaxone, while

one was missed for cefixime.

Inhibition-zone diameters on KB tests for the clinical

isolates were 20–60 mm and 16–56 mm for ceftriaxone

and cefixime, respectively. The prevalence of isolates with

decreased susceptibility to ceftriaxone and cefixime was

12.1% (198 of 1,633) and 12.7% (208 of 1,633), respecti-

velyon KB tests. MICs for agar-dilution testing of clinical

isolates were 0.008–1 μg/mL and 0.008–2 μg/mL for

ceftriaxone and cefixime, respectively. Geometric mean

ceftriaxone and cefixime MICs were 0.025 μg/mL (95%

CI 0.023–0.026 μg/mL) and 0.037 μg/mL (95% CI 0.-

035–0.040 μg/mL). MIC50 and MIC90 were 0.03 and

0.06 for ceftriaxone and 0.03 and 0.12 for cefixime,

respectively. The prevalence of isolates with decreased

susceptibility was 9.9% (129 of 1,306) for ceftriaxone

and 9.9% (129 of 1,305) for cefixime.

Consistency between the two methods was determined

using 1,306 clinical isolates, which had been recovered to

complete agar-dilution AST. The categorical agreement of

these two methods was 53.6%–98.9% for ceftriaxone and

67.1%–96.6% for cefixime among seven sites, with total

agreement reaching 80.9% for the two antibiotics, and

minor error for KB testing was 19.1% (249 of 1,306) and

19.1% (249 of 1,305) for the two antibiotics, respectively.

When comparing the consistency of sensitivity of ceftriax-

one and cefixime between KB testing and agar dilution,

there were no linear relationships between the methods for

the two antibiotics (Tables 1 and 2). Pearson’s correlation
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coefficients between KB tests and agar dilution were −0.118
and −0.205, respectively, for ceftriaxone and cefixime.

McNemar χ2 tests for the insusceptible category between

the two tests yielded highly significant results for ceftriax-

one (χ2=9.25, P=0.002) and cefixime (χ2=17.49, P=0).
There were 129 N. gonorrhoeae isolates were inter-

preted as non-susceptible by the agar dilution method for

ceftriaxone and cefixime. A total of 100 isolates (100 of

129, 77.5%) were non-susceptible on agar dilution, but

susceptible on KB-test sensitivity for ceftriaxone and 91

isolates (91 of 129, 70.5%) for cefixime.KB-test sensitivity

in detecting N. gonorrhoeae isolates with decreased sus-

ceptibility was 22.5% (29 of 129) for ceftriaxone and

29.5% (38 of 129) for cefixime, with specificity of

87.3% (1,028 of 1,177) for ceftriaxone and 86.7% (1,018

of 1,176) for cefixime compared to agar-dilution AST.

Discussion
In this study, we evaluated whether the disk-diffusion techni-

que can detect gonorrhea isolates with decreased susceptibility

to ceftriaxone and cefixime in a timely manner for appropriate

clinical management, using the strains from seven clinical

sites in the GRSP in China. The disk-diffusion test is less

labor-intensive and easier to carry out than the AST method,

and suitable for clinical tests to guide clinical management for

many microbial infections. We were able to perform KB

tests for all N. gonorrhoeae strains that had been successfully

isolated and cultured in every site included in our study. The

proportion of analyzable isolates from this method (1,633 of

1,633) was higher than the agar-dilution method (1,306 of

1,633). Agar dilution for the determination of MIC is the gold

standard for antimicrobial-resistance surveillance and widely

used in global N. gonorrhoeae antibiotic resistance–monitor-

ing programs;21,23 however, it requires a heavier workload and

recovery of isolates from deep-freezer temperatures (−70°C)

or liquid nitrogen for batch tests.19 Therefore, the disk-

diffusion test is more practical than the agar-dilution method

for clinical management to use on a large scale.

In the clinical setting, physicians can obtain the results

from disk-diffusion tests in 3 days. In China, most clinicians

would immediately prescribe antibiotics for patients diag-

nosed with gonococcal infection by smear microscopy. They
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Table 2 Comparison of Agar-Dilution Method and KB Test for Cefixime

MIC (μg/mL) Diameters of Inhibition Zone by KB Test (mm)

16 17 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

0.008 1 1 2 2 9 4 12 8 15 6 9
0.016 1 5 1 1 3 4 11 12 11 6 7
0.031 1 2 1 1 3 1 2 5 6 12 13 17 13 8
0.063 1 2 3 2 3 2 12 18 15 14 10
0.125 1 2 1 2 3 4 5 8 5 11 9 6 6 17

0.250 1 1 2 1 3 1 2 1 1 1 7 8 7 3 2
0.500 1 1 1 1 1 1 5 7 5 5 3
1.000 1 1 1 1 1 1 1
2.000 1 2 1 1

Total 1 1 2 5 1 6 4 7 18 13 14 30 23 71 78 78 54 56

Notes: Each number in bold type represents the number of isolates with the same susceptibility on the agar-dilution method and the KB test for cefixime (Pearson’s

correlation coefficient — r=0.21). All test results of N. gonorrhoeae for cefixime by the agardilution AST method and the KB test interpreted as insusceptible or

susceptible are marked in bold.

Table 1 Comparison of Agar-Dilution Method and KB Test for Ceftriaxone

MIC (μg/mL) Diameters of Inhibition Zone by KB Test (mm)

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

0.008 1 1 2 1 3 6 4 11 7 7 8 8 26 21 15 21
0.016 1 1 1 2 1 3 5 3 1 18 18 7 25
0.031 1 1 1 1 3 3 10 3 5 3 4 27 20 9 21
0.062 1 1 4 2 2 8 1 8 4 6 39 19 10 17

0.125 1 1 1 8 2 1 6 12 5 2 7
0.250 1 2 1 1 5 2 2 2
0.500 1 1 1 4 2
1.000 1 1

Total 1 1 1 4 1 7 6 5 13 8 42 15 27 20 27 131 86 45 95

Notes: Each number in bold type represents the number of isolates with the same susceptibility on the agar-dilution method and the KB test for ceftriaxone (Pearson’s

correlation coefficient — r=0.21). All test results of N. gonorrhoeae for ceftriaxone by the agar-dilution AST method and the KB test interpreted as insusceptible

or usceptible are marked in bold.
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would normally use the results of the disk-diffusion test when

they encounter treatment failure, but many complain that the

results of the disk-diffusion test are not useful for their

decision-making regarding initial management. In our

study, categorical agreements on KB tests and agar-dilution

tests were both 80.9% for the two antibiotics, and the minor

error for the KB tests was 19.1% for the two antibiotics, less-

than-acceptable performance rates (defined as ≥90% for

categorical agreements and ≤7% for minor error). This agree-

ment was lower than studies conducted by Mal et al (100%

agreement for ceftriaxone, 100 sensitive strains),17 Liu et al

(91.3% agreement for ceftriaxone and 89.6% for cefixime,

115 sensitive strains),18 Liao et al (100% agreement for

ceftriaxone, 163 sensitive strains),24 and Singh et al (95.9%

agreement for ceftriaxone, 283 sensitive strains and 12 insen-

sitive strains).25 There are two possible reasons for the low

categorical agreement. First, the comparative results in our

study were collected from seven clinical sites, while the

microbiology testing of the other three studies was conducted

in a single laboratory. Indeed, categorical agreements for the

two antibiotics between the two methods showed significant

differences in different sites (53.6%–98.9% for ceftriaxone,

67.1%–96.6% for cefixime). Second, the range of gonorrhea

MIC in this study was larger and more comprehensive than

other studies24,26 for ceftriaxone (0.008–1 μg/mL) and cefix-

ime (0.008–2 μg/mL), including 90.1% sensitive strains and

9.9% hyposensitive strains. The proportion of strains with

decreased susceptibility to ceftriaxone in our study (9.9%)

was higher than the other studies (less than 5%), which may

partially account for the differences.

Pearson’s correlation coefficients between KB tests and

agar-dilution tests for ceftriaxone and cefixime in our study

were lower than those of Liu et al (−0.59 and −0.67, respec-

tively, for ceftriaxone and cefixime).18,26 In our study, 100

insusceptible isolates for ceftriaxone were detected by agar

dilution and also showed as susceptible on KB tests, and 91

isolates tested positive for cefixime. These results showed

that the ability of KB tests to detect strains with decreased

sensitivity to ceftriaxone or cefixime was extremely low.

These false, sensitive results interpreted by KB tests will

give clinicians the wrong suggestion for antibiotic use. This

was a discouraging finding for clinical practice, because the

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 52 54 56 Total

28 25 16 27 8 36 4 22 5 12 10 8 1 5 5 2 1 1 285
14 19 6 20 12 37 3 7 5 3 9 2 1 4 204
27 21 12 17 9 35 7 12 1 2 7 5 3 1 244
40 21 11 31 7 39 1 12 3 4 8 4 2 2 267
27 8 8 13 3 25 1 3 1 3 2 1 1 176

12 5 1 5 7 3 2 76
1 2 2 1 37
1 1 1 1 11

5

150 99 54 115 39 179 22 57 16 24 38 20 1 11 1 13 2 1 1 1,305

Total

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 58 60

16 67 19 53 11 19 20 17 4 15 3 24 3 3 2 3 4 1 426
6 35 5 17 5 13 12 4 2 4 1 5 1 1 1 198
13 57 8 24 10 14 23 14 1 5 10 1 1 4 1 298
10 49 7 16 3 10 15 6 1 7 4 2 1 1 1 255

5 18 4 2 2 3 2 1 1 84
7 1 2 1 2 29
1 2 2 14

2

50 234 39 115 35 58 76 43 8 32 4 46 4 6 1 3 9 5 2 1 1,306
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results suggest that the KB test may not be an appropriate

option for screening cephalosporin-resistant gonorrhoea

strains in clinical practice, especially since the threat of

reduced gonococcal susceptibility to ESCs is imminent in

China. In our future surveillance program, we will further

analyze the feasibility of the E-test method or the microdilu-

tion method23 for screening to detect cephalosporin gonor-

rhoea strains with decreased sensitivity in clinical practice in

China. Limitations of this study include isolates from female

gonorrhea patients accounting for only 6.6% of all samples,

and 98.6% isolates being predominantly from the urethra in

men and 100% from the cervix in women. The generaliz-

ability of the results may be limited, because the study con-

tained very few isolates from cervical, rectal, or pharyngeal

sites.

Conclusion
Although the KB test is relatively easy to carry out in

clinical practice, its ability to detect cephalosporin-

resistant gonorrhoea strains is extremely low. This method

is an inappropriate screening tool for cephalosporin-

resistant gonorrhoea strains in clinical practice in China.
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