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ABSTRACT

In this study, fifty Moraxella species were isolated. The antibiotic susceptibility, B-lactamases and

minimum inhibitory and bactericidal concentrations were evaluated. The rate of ESBLs among M.
catarrhalis, M. osloensis and M. lacunata included 47 % (n=11), 36.84 % (n=7) and 37.5 % (n=3),
respectively. The strong biofilm formation was observed among 52 %, 63.5 % and 62.5 % of M.
catarrhalis, M. osloensis and M. lacunata, respectively. The rate of the brol, bro2 and blacTx-m1
genes in M. catarrhalis included 23/23 (100 %), 12/23 (52.17 %) and 5/23 (21.8 %), respectively.
Moreover, 14/19 (73.68 %), 8/19 (42.10 %) and 2/19 (10.52 %) of M. osloensis, respectively
contained these genes. The brol gene was detected in all the M. lacunata isolates. Moraxella spp

highly produced BRO B-lactamases and ESBLSs, and deciphered strong biofilm formation.

Keywords: Moraxella spp, clinical isolates, biofilms, drug resistance

boxcar-shaped  diplobacilli  normally
INTRODUCTION residing within the human upper

Moraxella species are large Gram- respiratory tractand are occasionally

negative, obligate aerobic, non-motile, recovered from the skin and urogenital tract
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[1-2]. Over the past decades, they have
emerged as eminent opportunistic human
which cause

pathogens mostly

complications among immunodeficient
individuals. The genus encompasses 16
species, but only M. catarrhalis is a strict
human  pathogen.  Nowadays, M.
catarrhalis is regarded as the third most
common etiological agent for otitis media
and acute sinusitis in children. Along with
Haemophilus influenzae, M. catarrhalis is
responsible for a wide spectrum of
community acquired respiratory infections
such as pneumonia and exacerbations of
chronic bronchitis, particularly in elderly
individuals with underlying conditions [3-

5].

Species other than M. catarrhalis are
unusual pathogens in humans. M. osloensis
is a commensal microorganism in the
genital tract that may be misdiagnosed with
Neisseria gonorrhea. The bacterium has
been associated with meningitis [6],
endocarditis  [7],

septic  arthritis,

osteomyelitis, and catheter-related
infections [8]. Most of the infections have
been occurred in immunocompromised
individuals such as patients with
hematological malignancies or transplant
recipients. M. lacunata is also a commensal

inhabitant of the conjunctiva and upper
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respiratory tract of humans. It can cause a

variety of ocular infections including
conjunctivitis, Keratitis, endocarditis, and
otolaryngitis. Cases of ocular infections
have been reported from different countries
such as Japan, United States and Pakistan.
Although keratitis caused by Moraxella
spp. can be efficiently treated by
ophthalmic topical antibiotics, persistent
and chronic infections may lead to
hypopyon formation and endophthalmitis
[9-10]. The Moraxella genus is primarily
diagnosed via brick shaped formation
(diplobacilli). M. lacunata is a commensal
bacterium with low virulence rate;
however, immunodeficient, vulnerable and
those patients with underlying diseases are
at highest risk of infection [10]. The
bacterium was recently isolated from a six
child  who

received eculizumab [5]. These pathogens

months  immunodeficient
have tropism to eye infections with an
increasing trend in recent years [11-13].
such as

upper
respiratory tract, keratitis and systemic

Several clinical infections

conjunctivitis, blepharitis,
infections have been reported from M.
[13].

conjunctivitis caused by M. osloensis and

osloensis Moraxella-associated

M. nonliquefaciens persists for weeks,

manifested as a follicular conjunctivitis,
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and may be misdiagnosed with that caused

by Chlamydia spp [9].

The surge in antibiotic resistance among

respiratory  pathogens has evolved
gradually as a global issue. A close
observation of shifting trends in
antimicrobial resistance directly influences
the selection of antimicrobial agents to
eradicate a particular pathogen. Beta-
lactamase-positive strains of M. catarrhalis
were discovered for the first time in 1977 in
Sweden [14]. Over the years, these strains
have been reported from multiple countries
at different rates exceeding 90.0 % [15].
Unfortunately,  increasing  resistance
towards third-generation cephalosporins,
macrolides, and quinolones were also
observed in different countries [14-17].
Additionally,

testing for Moraxella spp. is not routinely

antibiotic  susceptibility
conducted, and almost all the resistance
data comes from large cities, with only few
studies performed in rural areas. To our
knowledge, scarce data on frequencies of
antibiotic resistance among Moraxella spp.

in Iraq are available.

A Biofilm is defined as a multi-cellular
bacterial community encompassed in an
extracellular polymeric substance matrix. It

enhances microbial adhesion, persistence,
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survival, and resistance to antimicrobials
by forming physical barrier shielding
embedded bacterial species [18]. Biofilm
formation capacity has been linked to the
colonizing ability of the Moraxella species.
Until now, most of studies have been
focused on M. catarrhalis ability to
develop biofilm in vitro, singly [18] or in
combination with other otopathogens [19-

21].

In the present study, the antibiotic

resistance patterns, [-lactamases and
biofilm formation as well as frequencies of
those  genes

encoding common f3-

lactamases  were  assessed among

Moraxella spp. isolated from clinical

specimens in Baghdad, Iraq.

MATERIALS AND METHODS

Sampling and identification of bacterial
strains

A total of 260 patients (114 males and 146
females) were enrolled in the present study
during Jan 2020-2021 from A and B
hospitals. These patients suffered from
respiratory infections (including
pneumonia, acute rhinosinusitis, and otitis),
keratitis, and septicemia. Specimens were
collected from respiratory tract (n=189),

cornea (n=51) and blood (n=20).
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The inclusion criteria included all the
patients with clinical signs and exclusion
criteria included consumption of antibiotics

during two weeks ago.

Briefly, the samples were cultured onto the
sheep blood agar (non-hemolytic, dry,
opaque, grey to white and smooth) and
chocolate agar media and incubated at 37
°C overnight [3]. Afterwards, suspected
colonies were further subjected to routine
microbiological and biochemical tests such
as APl 20NE system (bioMérieux, Marcy
I'Etoile, France), Gram staining, oxidase,
DNase and

of nitrate to

catalase, tributyrin  tests,
nitrite, and
(Merk,

identification of

reduction
carbohydrate fermentation
Germany). Molecular
isolates was also

Chain

implemented using
(PCR).
Specific McF:
5'CAGGCCTAACACATGCAAGTC-3,

McR: 5'GGGCGGAGTGTACAAGGCS3,

Polymerase Reaction

primers  included

with 1360 bp  product, MoF:
5AAATGCGAGAACGCAGGTTG3',
MoR:

5CCTTTCGGACTATTGGCGGT3
(CCUG 350 reference genome, 101bp

fragment), MIF:
5CGTGTTGACCGTTTTGACTTTS3" and
MIR:

3'CATAGATTAGGTTACCGCTGACGS
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. In a total volume of 25 pL, Mater Mix (18
pL), deionized H20 (3 pL), DNA template
(10 pg, 2 pL) and each primer (1.0 uM, 1
puL) were mixed. Detailed PCR reaction

conditions have been described by [22-23].

Antibiotic susceptibility testing

The antibiotic susceptibility of isolates was
performed on Mueller-Hinton agar medium
containing 5% sheep blood by disk
diffusion method as previously described
[22]. The following antibiotics (MAST,
UK) tested:
sulfamethoxazole (1.25-23.75 Hg),

were trimethoprim-
tetracycline (30 pg), ampicillin (10 pg),
erythromycin (15 pg), cefotaxime (5 ug),
cefepime (30 pg), amoxicillin-clavulanic
acid (AMC) (2 ug), and ciprofloxacin (5
1g). The Minimal Inhibitory Concentration

(MIC) and Minimal  Bactericidal
Concentration (MBC) values were
determined against tetracycline,

erythromycin and cefepime using agar
dilution method. Nitrocefin test was also
used for B-lactamase production. This test
was implemented using 20 pL of each
nitrocefin and bacterial solution (0.1 M
phosphate buffer, pH 7.0). Color change
from yellow to red within 1-2 min indicated
a positive test [4]. In addition, the
production of Extended-Spectrum (-

Lactamase (ESBL) enzymes was evaluated
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using synergy tests (co-amoxiclav plus
ceftazidime) as previously described. The
both disks were placed near each other onto
the MHA medium and an increased growth
inhibitory zone between them outlined
ESBL production [24]. BRO beta-
lactamases were also screened using PCR
amplification of BROF:
5TRGTGAAGTGATTTTKRRMTTG3'
and BROR:
5GCAATTTATTAACTGGATGTAS
primers yielding 165 (brol gene) and 144
bp (bro2) fragments [25].

Minimum inhibitory concentration

The minimum inhibitory concentration
(MIC) of ampicillin,

ceftazidime antibiotics was determined

cefotaxime and

using microdilution broth method. The
range of dilutions included 0.5-512 pg/mL.
The test was followed according to the
Clinical and Laboratory Standards Institute
(CLSI) guidelines [5].

Biofilm formation assay

The biofilm formation was assessed using
microtiter tissue plate assay, as described
earlier [18,20]. Briefly, in 96-well plates,
the trypticase soy broth (200 pL) and
bacterial suspension equal to the 0.5 Mac
Farland turbidity (150 pL) were inoculated
incubated

in  96-well microplates and
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overnight. The wells were washed by
sterile water and subsequently fixed with
methanol. The crystal violet dye (0.1%)
was added to wells and left for 15min at
room temperature. The washing was
repeated and the ethanol was added to the
wells. Finally, the absorbance rate was
measured using an ELISA reader at 590
nm. Those wells contained the only
medium without bacterial inoculations
were considered as negative control. The
biofilm formation levels were measured
using the following formula: strongly
biofilm (OD > 4 x ODc), moderate biofilms
(2 x ODc <OD <4 x ODc), weak biofilms
(ODc < OD <2 x ODc), and non-biofilm
producer (OD < ODc). ODc stands for the

control absorbance rate [20,24,26-27].

Cellular cytotoxicity assay

HaCaT (human keratinocytes) cells (10°
cellssfmL) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco,
USA) added with 10 % fetal bovine serum,
penicillin (100 Units/mL), and
streptomycin (100 pg/mL), and incubated
at 37 °C and 5 % CO2 in a humidified
incubator. Briefly, bacterial suspensions
equal to the Half Mac Farland were
prepared and inoculated into the fresh
medium containing normal cells. Finally,
cellular were

morphology  changes
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observed as the result of possible cytotoxic

factors produced by bacterial strains [6].

Detection of p-lactamase genes

The DNA was extracted using boiling
method. The quality and quantity of DNA
was evaluated using NanoDrop device and
agarose gel electrophoresis and stored at -
20°C. The PCR was employed for the
amplification of brol, bro2, blactx-wmi,
blatemi, blashv, blaamec, blanom, blakec,
oxa-23-like, oxa-24-like, oxa-51-like, oxa-
58-like, blaoxa-4s-iike genes. The sequences
of primers and amplification conditions

have been described previously [22,24,28].

The reaction conditions for the genes have
been depicted in table 1. In a total volume
of 50 uL, the PCR master mix (30 pL), Taq
DNA polymerase (4 pL, 1 U, Fermentas-
Lithuania), template DNA (10 pg, 4 uL),
ddH20 (10 pL) and 1 uM (1 pL) of each
primer was added. The amplified products
sizes included blactx-m1 (550 bp), blasnv
(1016 bp), blatem: (980 bp), blaampc (440
bp), blame1 (182 bp), blakec (282 bp),
blanom1 (1015 bp), blaoxa-s-ike (484 bp).
The positive and negative control included
DNA of strains carrying the genes and

distilled H20, respectively.
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Analysis of data

The data was analyzed using the IBM SPSS
software version 21. The analysis of
variance (ANOVA) and t-test were used at

a significance level of 0.05.

RESULTS

Isolation of Moraxella spp from various
specimens

Out of 260 samples, 50 Moraxella spp were
identified including 23 M. catarrhalis, 19
M. osloensis and 8 M. lacunata. These
strains were recovered from respiratory
tract (n=32), conjunctivitis (n=14), kerato-
conjunctivitis (n=3) and blood (n=1)

samples, as shown in Table 2.

Antibiotic Susceptibilities of Moraxella
Spp

Out of 23 M. catarrhalis isolates, high
resistance rates were observed for
ampicillin (78 %, n=18) and cefotaxime (69
%, n=16), followed by trimethoprim-
sulfamethoxazole (n=12, 52 %), cefepime
(n=10, 435 %), AMC (n=8, 34 %),
ciprofloxacin (n=10, 43.5%), erythromycin
(n=9, 39.2 %) and tetracycline (n=8, 34 %).
Moreover, M. osloensis resistance pattern
included 37 % (n=7), 16 % (n=3), 31.6 %

(n=6), 63.15 % (n=12), 10.52 % (n=2), 16
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% (n=3), 0 % and 10.52 % (n=2), (n=4), 25 % (n=2), 25 % (n=2), 0 %, 25 %
respectively. The resistance rate of M. (n=2) and 12.5 % (n=1) (Figure 1).
lacunata to these disks respectively

included 25 % (n=2), 0 % (n=0), 50 %

Table 1. PCR reaction conditions in this study

Antibiotic resistance Annealing T (°C) | One cycle:
genes 94°C -------m---- 6 min
33 cycle:
blacrx-m1 <YL o 70's
blasmv Annealing
59
blarem: 72°C wmmmmeeees 90's
56
blaame One cycle
61 72°C =-memmmmeene 8 min
61
blakec 64 One cycle:
blanomi 61 95°C -----m--m-- 4 min.
30 cycles:
blaoxa-4s-ike 65 Y
94°C ------------ 45s
b|a||v|p1 62
Annealing
72°C -----m-mmm-- 40 s
One cycle
72°C ~mmmmmmmnne 5min
87
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Table 2. Distribution of Moraxella spp. based on gender and source of samples; comparison
between males and females (p=0.004), among various clinical specimens (p=0.002) and
association of previous hospitalization (p<0.001) and antibiotic use (p<0.0001)

Demographic M. catarrhalis n=23 | M. osloensis n=19 | M. lacunata n=8 | p value
data/Species (%) (%) (%)

Males 11 (47) 8 (42) 3(37.5)

Females 12 (52) 11 (58) 5 (62.5)

Respiratory 18 (78) 3 (15.78) 4 (50)

Conjunctivitis 2 (8) 12 (63) 4 (50)

Kerato-conjunctivitis 0.0 4 (21) 0.0

Blood 3(13) 0.0 0.0

Previous 18 (78) 14 (73.7) 8 (100) <0.001
hospitalization

Previous antibiotic use 19 (82.6) 16 (84) 8 (100) <0.0001

Moraxella spp antibiotic resistance %
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Figure 1. The antibiotic susceptibility pattern of Moraxella spp, AMC: amoxicillin-clavulanic
acid, SXT: trimethoprim-sulfamethoxazole, X axis: bacterial isolates and antibiotics, Y axis:
percentage of resistance.
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The frequencies of phenotypic ESBL
production among M. catarrhalis, M.
osloensis, and M. lacunata were 47%
(n=11), 36.84 % (n=7) and 37.5 % (n=3),
respectively. As for MIC and MBC, M.
catarrhalis had MICs of 0.5-8 pg/mL
against cefepime, 0.25-4 pg/mL for
erythromycin and 0.5-4 pg/mL for
tetracycline. These values were similar for

M. osloensis isolates.

Minimum inhibitory concentration

M. catarrhalis minimum inhibitory
concentration of ampicillin, cefotaxime,
ceftazidime, cefepime, erythromycin and
tetracycline respectively ranged 0.5-8
pg/mL, 1-8 pg/mL and 0.5-8 pg/mL, 0.5-
8ug/mL, 0.25-4pg/mL and 0.5-4pg/mL,

respectively.

Biofilm production

Among 23 M. catarrhalis, 52 % (n=12)
and 48 % (n=11) were strong and
moderate biofilm producers, respectively.
As for M. osloensis, 63.15 % (n=12) were
strong biofilm producers, while 21 %
(n=4) produced moderate biofilms and
only 3 (16 %) strains were weak biofilm
producers. Concerning M. lacunata,
strong and moderate biofilm production
were observed among 62.5 % (n=5) and

37.5 % (n=3) of strains, respectively.

HBB. 7(4): 81-97
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The association of strong biofilm
formation and ESBLs or carbapenemases
has been represented in Table 3. In this
respect, there was a significant association
between ESBL or carbapenemase
production and strong biofilm formation
among M. catarrhalis, as is the case for M.

osloensis and M. lacunata.

Cell cytotoxicity experiment

In HaCaT human cell line, 14 M.
catarrhalis, 9 M. osloensis and 3 M.
lacunata isolates at 0.5 Mac Farland
concentration caused the deformation and
toxicity against cells. A concentration of
108 CFU/mL of bacterial strains was used.
M. catarrhalis strains caused the mean
death of 64 % 89 % of cells after 24 h and
48 h, respectively. M. osloensis caused the
mean death of 56 % and 79 % of cells,
after 24 h and 48 h, respectively. In
addition, M. lacunata caused the death rate

of 49 % and 68 % of cells, respectively.

Detection of p-lactamase genes

BRO B-lactamases were also found in all
the M. catarrhalis, and M. lacunata and
36.84% (n=7) M. osloensis. The rate of the
brol, bro2 and blactx-mi1 genes in M.
catarrhalis included 23/23 (100 %), 12/23
(52.17 %) and 5/23 (21.8 %), respectively.
Moreover, 14/19 (73.68 %), 8/19 (42.10
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%) and 2/19 (10.52 %) of M. osloensis
respectively contained these genes. The
brol gene was detected in all the M.

lacunata isolates. The isolates carried

Biofilm formation of Moraxella catarrhalis

none of the other B-lactamase genes (Table
4).

Table 3. The association of ESBL production and strong biofilm formation in Moraxella spp

Isolates Strong biofilm

ESBLs

p value

M. catarrhalis 52% (n=12)
63.15% (n=12)

62.5% (n=5)

M. osloensis

M. lacunata

47% (n=11)
36.84% (n=7)
37.5% (n=3)

<0.0001
<0.001
0.136

ESBLs: extended-spectrum p-lactamases

Table 4. The existence of B-lactamase genes among Moraxella spp

Species brol bro2 brol+bro2 blactxm-1 MDR phenotype
M. catarrhalis | 23/23 | 12/23 12/23 5/23 9/23
M. osloensis 14/19 8/19 2/19 1/19 2/19
M. lacunata 8/8 1/8 0 0 1/8
MDR: multidrug-resistant
view of the lack of data on Moraxella
DISCUSSION frequencies in Iraq, the present study can be

Given that the prevalence of Moraxella
species has increased globally over the past
decades, we have begun to pay attention to
these opportunistic pathogens as significant
causes of various infections [29-30]. In

HBB. 7(4): 81-97
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considered a novel study in the country. In
our survey, M. catarrhalis constitute
almost half (%) of the isolated strains,
while M. lacunata has the least prevalence.

As expected, the majority of M catarrhalis
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strains (18 out of 23) were isolated from
respiratory infections. These results are in
agreement with those of previous studies
from Pakistan [14], Iran [14], Egypt [31],
and China [32], In the current investigation,
M. osloensis was the second most prevalent
species. Moraxella infections, particularly
those related to M. osloensis, of the eye are
scarcely described in the literature [9,33-
34]. It has shown that M.

nonliquefaciens has

been
been frequently
isolated from keratitis and endophthalmitis,
whereas M. osloensis is implicated in
conjunctivitis [9]. Concerning M. lacunata,
it was the least common species in our
study. It has been isolated from ocular
[35], [12],

endocarditis [36] and septicemia [37].

infections osteomyelitis

In our survey, there was no significant
difference between males and females but
significant higher rate of isolates were from

upper
previous hospitalization and antibiotic use

respiratory  tract.  Noticeably,
were significant risk factors of isolation of
drug-resistant strains. Moraxella spp cause
various opportunistic infections such as
Keratitis among

patients [10,34,42].

immunocompromised

Before 1970s, Moraxella was susceptible to

beta-lactam antibiotics. However, the

HBB. 7(4): 81-97
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pathogen became increasingly resistant
towards penicillins and cephalosporins.
Across Australia, Europe, and the United
States, over 90 % of the strains produce
beta-lactamase [14-15,39]. In the present
study, more than half of the strains were
resistant to ceftazidime (a third generation
cephalosporin), which is higher than those
reported in other countries such as Pakistan
[14] China [15], Taiwan [17], India [39],
and Iran [16]. We also noticed that the
majority of cefotaxime-resistant strains
were ESBL producers. Accordingly, it is
clear that antibiotics such as penicillin,
ampicillin, cephalosporins, and other beta-
lactams can no longer be used as a reliable
drug for eradication of Moraxella spp
high

resistance towards tetracycline was also

infections. Noticeably, rates of
observed in our study, which was higher
than those reported from Iran [16], Taiwan
[17], and China [15]. This may be due to
presence of efflux pumps
AcrAB-OprM, which can lead to MDR
[16,40].

development of Moraxella spp isolates

including

phenotype Alarmingly,
resistance to quinolones and macrolides is
a concern [41]. M. catarrhalis MIC ranges
of 0.5-8 pg/mL, 1-8 pg/mL and 0.5-8
pg/mL, 0.5-8 pg/mL, 0.25-4 pg/mL and
0.5-4 pg/mL was determined against
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ampicillin,  cefotaxime,  ceftazidime,
cefepime, erythromycin and tetracycline
respectively. The MIC and MBC values
have not been determined in previous
studies among Moraxella spp, but the
species carried macrolide resistance genes

[42,43].

BRO p-lactamases were also found in all
the M. catarrhalis, and M. lacunata and
36.84 % (n=7) M. osloensis. The rate of the
brol, bro2 and blactx-m1 genes in M.
catarrhalis included 23/23 (100 %), 12/23
(52.17 %) and 5/23 (21.8 %), respectively.
Moreover, 14/19 (73.68 %), 8/19 (42.10 %)
and 2/19 (10.52 %) of M. osloensis
respectively contained these genes. The
brol gene was detected in all the M.
lacunata isolates. The isolates carried none

of the other 3-lactamase genes.

The strong biofilm formation was observed
among 52 %, 63.5 % and 62.5 % of M.
catarrhalis, M. osloensis and M. lacunata,
respectively  which  were significant
associated to the ESBL production. In other
words, these isolates had significantly
higher ability for biofilm formation.
Biofilm formation has not been evaluated
in previous studies, but several virulence
factors of M. catarrhalis such as outer

membrane proteins (USPA1, USPA2H and
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USPA2V) causing immune evasion and

serum resistance, MID Hag causing
haemagglutination and IgD binding, CopB
participating in iron acquisition has been
mentioned [21-24]. We observed that
Moraxella spp had the ability of
deformation and exerting cell cytotoxicity

against HCaT human normal cells.

Major limitations of this study included
lack of genetic evaluation of virulence
in vivo

factors, gene expression and

characterization of  Moraxella  spp

pathogenicity mechanisms.
CONCLUSION

In this study, 23 M. catarrhalis, 19 M.
osloensis and eight M. lacunata isolates
were identified among clinical samples
from hospitalized patients. Isolates were
mostly resistant to ampicillin,
trimethoprim-sulfamethoxazole,

tetracycline and cefotaxime disks. Majority
of isolates carried BRO B-lactamases.
ESBLs production was occurred in lower
than half of them. The strong biofilm
formation was observed in higher than half
of Moraxella spp. Moraxella spp had the
ability of deformation and exerting cell
cytotoxicity against human normal cells.

Future studies will be helpful towards
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genetic evaluation of various virulence

determinants of Moraxella spp.
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