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Abstract

Background: Moraxella catarrhalis (M. catarrhalis) is an important bacterial pathogen. However, its antibiotic susceptibility
patterns in different areas are difficult to compare because of the use of different methods and judgement criteria. This
study aimed to determine antimicrobial susceptibility and [3-lactamase activity characteristics of M. catarrhalis
isolates collected from two county hospitals in China, and to express the results with reference to three commonly
used judgement criteria.

Results: Nasopharyngeal swabs were obtained from child inpatients with respiratory tract infections at the People’s
Hospital of Zhongjiang County and Youyang County from January to December 2015. M. catarrhalis strains were
isolated and identified from the swabs, and susceptibility against 11 antimicrobials was determined using the E-test
method or disc diffusion. Test results were interpreted with reference to the standards of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), the Clinical and Laboratory Standards Institute (CLSI), and the British
Society for Antimicrobial Chemotherapy (BSAC). Detection of B-lactamase activity was determined by the chromogenic
cephalosporin nitrocefin. M. catarrhalis yield rates were 7.12 and 9.58% (Zhongjiang County, 77/1082 cases; Youyang
County, 101/1054 cases, respectively). All isolates were susceptible to amoxicillin—clavulanic acid. The susceptibility rate
to meropenem was 100% according to EUCAST; no breakpoints were listed in CLSI or BSAC. The non-susceptibility rate
to sulfamethoxazole-trimethoprim differed significantly between the two hospitals regardless of the judgemnet criteria
used, with isolates from Zhongjiang showing higher susceptibility to those from Youyang (Fisher's exact test, P < 0.05).
According to CLS, the total non-susceptibility rate to erythromycin was 70.8% (Zhongjiang County, 79.2%; Youyang
County, 64.3%), and the rate reached 92.1% (Zhongjiang County, 90.9%; Youyang County, 93.1%) on the basis of
EUCAST or BSAC. The total positive rate of 3-lactamase was 99.4% (177/178 cases) (Zhongjiang County, 100%, 77/77
cases; Youyang County, 99.0%, 100/101 cases).

Conclusions: Ninety nine percent of M. catarrhalis isolates produce -lactamase. The isolates showed poor susceptibility
to ampicillin and erythromycin, and high susceptibility to the third- and fourth-generation cephalosporins and
amoxicillin-clavulanic. Significant discrepancies between different antimicrobial susceptibility judgemnet criteria
were noted.
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Background

Moraxella catarrhalis (M. catarrhalis), also known
as Micrococcus catarrhalis, Neisseria catarrhalis, and
Branhamella catarrhalis is a gram-negative, aerobic,
oxidase-positive diplococcus. It is a commensal species
that is exclusively a human pathogen of the upper respira-
tory tract. However, it is now recognized as causative of
otitis media in children and acute exacerbations of chronic
obstructive pulmonary disease in adults [1, 2]. M. catar-
rhalis can also cause endocarditis, sepsis and meningitis,
though these occur more rarely [1].

Community-acquired pneumonia (CAP) is a major cause
of morbidity and mortality in children worldwide, and M.
catarrhalis is the third most common causative pathogenic
bacteria of CAP, following Streptococcus pneumoniae
and Haemophilus influenzae [3]. The importance of M.
catarrhalis in CAP infection is also increasing with the
introduction of the pneumococcal conjugate vaccine and
Haemophilus influenzae type b vaccine.

The first B-lactamase positive M. catarrhalis isolate was
reported in 1977 in Sweden [4]. Since then, B-lactamase
production has been reported from various countries with
different frequencies, which mostly exceed 90.0% [3, 5-7],
revealing the poor antibiotic susceptibility pattern of the
isolate. Three antimicrobial resistance judgemnet criteria
can be used to analyze the antibiotic susceptibility pattern
of M. catarrhalis strains: the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), the Clin-
ical and Laboratory Standards Institute (CLSI) [8], and the
British Society for Antimicrobial Chemotherapy (BSAC)
[9]; CLSI is most commonly used in China. Because of the
lack of a unified testing method and judgemnet criteria for
antibiotic resistance of M. catarrhalis, data from different
areas show significant differences [10, 11]. Moreover,
susceptibility testing of M. catarrhalis is not routinely
performed in most diagnostic laboratories, and many
resistance data derive from large cities, with few studies
conducted in more rural areas. Therefore, the aim of this
study was to determine the level of -lactamase produc-
tion and antibiotic resistance patterns of M. catarrhalis
isolates collected from two county hospitals in China.

Methods

Study population

Nasopharyngeal swabs were collected from child inpa-
tients with respiratory tract infections at the People’s
Hospitals of Zhongjiang County and Youyang County,
located in western China, from January to December
2015. Children meeting the following criteria were in-
cluded: (1) aged between 1 month and 14 years; (2) hav-
ing an infection for fewer than 3 days; (3) having a
fever and cough; and (4) with permission from a parent
and/or legal guardian. Children with factors potentially
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affecting the acquisition of nasopharyngeal swab speci-
mens, such as repeated tic, and coagulation disorders,
were excluded.

A total of 1082 children were included from Zhongjiang
County, of whom 642 were male and 440 were female; a
total of 1054 were included from Youyang County, of
whom 679 were male and 375 were female. Chocolate agar
and blood agar were used to culture the specimens, which
were incubated for 24 h at 37 °C. Bacterial growth was
identified by the examination of colony morphology,
gram staining, and microscopic analysis. Additional
identification tests were the oxidase test, catalase test,
carbohydrate fermentation test, DNAse test, and ni-
trate reduction test.

A parent and/or legal guardian of each participant signed
a written informed consent document before enrollment
and before any study procedure was performed. This
study was approved by the Ethics Committee of the
two hospitals (Ethics Committee of People’s Hospital of
Zhongjiang County, and Ethics Committee of People’s
Hospital of Chongqing Youyang County). No ethical prob-
lems were encountered in this study.

Antimicrobial susceptibility and -lactamase testing

The minimum inhibitory concentrations (MICs) of all
isolates were determined against ampicillin, amoxicillin—
clavulanic acid, cefuroxime, ceftazidime, cefepime, cipro-
floxacin, erythromycin, and meropenem using E-test
strips (AB Biodisk, Solna, Sweden), and their susceptibility
to sulfamethoxazole—trimethoprim, chloramphenicol, and
tetracycline was assessed with disc diffusion tests (Oxoid,
Basingstoke, England). The results were interpreted with ref-
erence to the standards of EUCAST (http://www.eucast.org/
clinical_breakpoints/), CLSI [8], and BSAC [9], and break-
points are listed in Table 1. p-lactamase activity was de-
termined by the chromogenic cephalosporin nitrocefin
(BR66A; Oxoid). Streptococcus pneumoniae ATCCA9619
was used as the quality control strain in susceptibility tests.

Statistical analysis

Antimicrobial resistance data were analyzed with WHONET
5.6 software as recommended by the World Health
Organization. Statistical analyses were performed using
SPSS software 17.0 (SPSS, Chicago, IL). The x* test and
Fisher’s exact test were used for significant comparisons
between groups. P values < 0.05 were deemed to indicate
statistical significance.

Results

A total of 77 and 101 M. catarrhalis isolates were separ-
ately detected from Zhongjiang and Youyang counties,
respectively, with yield rates of 7.12% (77/1082 cases)
and 9.58% (101/1054 cases). There was no significant
difference in the yield rate between boys (6.7%; 43/642
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Table 1 Antibiotic breakpoints for M. catarrhalis strains in EUCAST, CLSI and BSAC

Antibiotics’ MIC%/D-zone® EUCAST cLse BSAC®

S R [ R S R
AMP MIC(mg/L) 4 - # # < - >1
AMC MIC(mg/L) <1 >1 <4 - >8 <1 - >1
CXM MIC(mg/L) <4 >8 <4 8 >16 <1 2 >2
CAZ MIC(mg/L) # # <2 # # # # #
FEP MIC(mg/L) <4 >4 A A A # A
cp MIC(mg/L) <05 >05 <1 # - <05 - >05
ERY MIC(mg/L) <0.25 >05 <05 14 >8 <025 05 >05
MEM MIC(mg/L) <2 >2 A A A - A
TCY D-zone(mm) >28 <25 >29 25-28 <24 >22 - <21
CHL D-zone(mm) >30 <30 # # - - H -
SXT D-zone(rmm) >18 <15 13 11-12 <10 >12 - <1

2MIC minimum inhibitory concentration, °D-zone diameter of inhibition zone, SEUCAST, European Committee on Antimicrobial Susceptibility Testing, “CLS/ Clinical
and Laboratory Standards Institute, BSAC British Society for Antimicrobial Chemotherapy, "AMP ampicillin, AMC amoxicillin-clavulanic acid, CXM cefuroxime, CAZ
ceftazidime, FEP cefepime, CIP ciprofloxacin, ERY eryciprofloxacin, MEM meropenem, TCY tetracycline, CHL chloramphenicol, SXT sulfamethoxazole-trimethoprim, *

no breakpoints listed in the according criterion

cases) and girls (7.7%; 34/440 cases) in Zhongjiang
County (y*=0419, P=0518), or in Youyang County
(9.0%; 61/679 cases and 10.7%; 40/375 cases, respect-
ively, x> = 0.790, P = 0.374).

Table 2 shows the susceptibility and the MICs of the
isolates against 11 antibiotics. All isolates were suscep-
tible to amoxicillin—clavulanic acid. The susceptibility
rate to meropenem was 100% according to EUCAST;
no equivalent breakpoints are listed in CLSI or BSAC.
Regardless of the criteria used, the strains showed poor
susceptibility to erythromycin. According to CLSI, the
total non-susceptibility rate to erythromycin was 70.8%
(Zhongjiang County, 79.2%; Youyang County, 64.3%),
and this reached 92.1% (Zhongjiang County, 90.9%; Youyang
County, 93.1%) according to EUCAST or BSAC. The MICs
of 21.9% (39/178 cases) of the isolates were > 256 mg/L.
Non-susceptibility to sulfamethoxazole-trimethoprim
was significantly different between the two hospitals,
regardless of the judgemnet criteria used, with isolates
from Zhongjiang more susceptible than those from
Youyang (Fisher’s exact test, P <0.05). The total positive
rate of B-lactamase was 99.4% (177/178 cases): 99.0%
(100/101 cases) in Youyang County and 100% (77/77
cases) in Zhongjiang County.

Discussion

Research into the antibiotic resistance of M. catarrhalis
strains is limited, and the use of different judgemnet
criteria makes it difficult to compare data between stu-
dies.Three criteria are commonly used in antimicrobial
susceptibility testing for M. catarrhalis: EUCAST, CLSI,
and BSAC. Clinical studies in China most commonly
use CLSI. All isolates in the present study were susceptible

to amoxicillin—clavulanic, ceftazidime, and ciprofloxacin
according to CLSI, indicating that these antibiotics could
be used for empirical treatment. The non-susceptibility
rate to cefuroxime showed a significant difference accord-
ing to different judgement criteria, being 13.5% according
to CLSI and EUCAST, but 96.0% according to BSAC. This
is a source of confusion for clinicians. Previous reports
documented high susceptibility rates of M. catarrhalis
isolates to third- and fourth-generation cephalosporins
(such as ceftriaxone and ceftazidime) and amoxicillin—
clavulanic, at nearly 100% [9, 11-14].

Isolates in the present study showed high resistance to
erythromycin. Previous studies reported that 23S rRNA
mutations A2330T and A2058T are major causes of re-
sistance to macrolide antibiotics such as erythromycin
[15-17]. Because the resistance of pathogens isolated
from the respiratory tract to macrolide antibiotics is a
serious concern in China, it is important to standardize
the use of this antibiotic to help control and reduce the
spread of resistance.

The B-lactamase positive rate in our study was high, at
99.4% (177/178 cases), which is in accordance with other
recent findings (96.5%~ 100%) in China [14, 18, 19].
According to EUCAST, M. catarrhalis isolates producing
B-lactamase should be reported as resistant to penicillins
and aminopenicillins without inhibitors. However, we
showed a resistance rate to ampicillin of 74.2% (Zhongjiang
County, 81.8%; Youyang County, 68.3%) according to
BSAC, suggesting that there is a discrepancy between
B-lactamase production and resistance rates. We advise
medical workers to pay attention to the high resistance
rate and possible discrepancies in rates during their rou-
tine work.



Page 4 of 6

Shi et al. BMC Microbiology (2018) 18:77

el1Ep OU UBSW §
paisi| a1am sjulodyeaiq ou , ‘WidoyawI}-3|0Zexoyiaweyns LS ‘|odtusydwelolyd THD ‘aulpAdeisl 4D ‘wauadolaw I ‘udexoloididis 4¢3 ‘upexoljoidid ¢j) ‘wida)ed ¢34 ‘BWIpIZeyad ZyD ‘SWIXoInidd XD ‘poe
dluejnAe-uljjIXOWe DY ‘Uljjidwe giyy, ‘Adessyiowsy) [eigoniwnuy 1oy 4131205 Ysiilig DvSg, ‘SInsu| spiepuess Alojeloge] pue [ediul]) (ST, ‘Bunsa) Anjiqudadsns [eiqoisiwnuy uo auwwo) ueadoing Syong,

"

19410 81 Inq ‘uoniRLd Bulpiodde dY) Ul

8Ll - €l - 861 - IXS

LS - 6¢ - 65 - ADL

91-/¥00 9 € I'LS 344 91 ~/¥00 9 € Ces (444 8~EC00 ¥ 4 Sev 594 WXD
C1=t€00 9 14 (474 - (1L ~Ce00 9 4 818 - 91 ~9100 14 14 €89 - dAV 50VSe

Lot 6¢ €l 0 891 69 1XS

'S GEL 6'¢ 6'¢ 6'S 80¢ ADL

95¢<-610 96 < [4 0¢€c YA4 95 <~610 96 < [4 399 N4 9SC <~/¥00 96¢ < S0 861 S8y Add

1-9100 600 (00 v ¥ L ~9100 7600 /00 v . L ~9100 610 [¥00 ¥ Py <[]

1=C€00 8¢0 600 ¥ ¥ L ~C€00 8¢0 7600 . & ¢~€C00 8¢0 SCL0 W . ZND

9L=/¥00 9 € 90 6¢Cl 91 ~/¥00 9 € €l 8l 8~EC00 ¥ 4 0 68 WXD
8€0-9100 4y 4y 0 - 8€0~9100 4y 4y 0 - 8€0~9100 8¢€0 610 0 - DAV oIS

l'el 06 6'¢ 8L £0€ 66 1XS

6¢ - 6¢ - (04 - THD

'S Ll 6¢ 0 6S 0¢ ADL

8¢'0—€000 8000 9000 0 - €¢00~€000 8000 9000 0 - 8¢'0~€000 8000 9000 0 - WIW

95¢<-610 95¢ 14 80 €l 95¢<~610 95¢ < 14 6L L1l 95C <~/¥00 95¢ < SL0 79 £'8¢ A4

1-9100 7600 L¥00 v'e - L ~9100 7600 [y00 4 - L ~9100 610 [¥00 0c - di>

9-610 14 Sl 8¢ - 9~610 ¥ Sl €l - 9~¥900 14 Gl (0374 - d34

1=¢€00 80 7600 - - L ~2€00 80 600 - - ¢~€200 8¢€0 4N - - AS

91-/¥00 9 € 90 6CL 9L ~/¥00 9 € €l 8l 8~€c00 ¥ 4 0 68 NXD

8¢'0—9100 SC0 SC0 0 - 8¢'0~9100 SC0 SC0 0 - 8¢'0~9100 8¢0 610 0 - DAV
C1=¢€00 9 14 - - L ~Ce00 9 14 - - 91 ~9100 14 4 - - dAV 21SYON3

abuey DIN 06DIN 0SDIW %4 %I abuey DIN 06DIN 0SDIN 9%4d %I abuey DIN 06DIN 0SDIN 9%4d %I
[e10] Buellbuoyz pueAnoA _sanoignuy

JVSg pue ST '1SYDN3 01 Bbulpiodde sajyoid [e103 pue Buelbuoyyz ‘BueAno Ul $21e|0s| Sijeylieled ejjaxelop a9y Jo Al

1ndaosng z ajqel




Shi et al. BMC Microbiology (2018) 18:77

Conclusions

In summary, 99% of M. catarrhalis strains of the present
study were shown to produce B-lactamase. The isolates
showed high susceptibility to third- and fourth-generation
cephalosporins and amoxicillin—clavulanic, and poor sus-
ceptibility to ampicillin and erythromycin. However, some
notable discrepancies were observed between susceptibility
rates obtained with different antibiotic resistance judgemnet
criteria for M. catarrhalis isolates. Therefore, additional
long-term surveys are required to monitor the anti-
microbial resistance of this important human pathogen
with the aim of standardizing criterion.
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