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Abstract

Pseudomonas aeruginosa is an adaptable bacterial pathogen that infects a variety of organs, including the respiratory
tract, vascular system, urinary tract, and central nervous system, causing significant morbidity and mortality. As the
primary goal of this study, we wanted to determine how pigment color production differed between clinical strains
of P aeruginosa, and whether or not that variation was associated with multidrug resistance or the ability to form
biofilms. We screened in total 30.1% of yellow, 39.8% green and 30.1% of no pigment-producing R aeruginosa strains
from a total of 143 various clinical isolates. Yellow pigment-producing strains presented significant resistance to antibi-
otics groups, including B-lactam (91.5%), aminoglycosides (70.5%), and carbapenems (51.9%) compared to green and
non-pigmented strains. Notably, 16.3% of yellow pigment-producing strains were resistant to colistin which is used as
a last-resort treatment for multidrug-resistant bacteria, whereas only 2.3% of non-pigmented and 1.8% of green pig-
mented strains were resistant to colistin. Aside from that, yellow pigment-producing strains were frequent producers
of enzymes belonging to the lactamase family, including ESBL (55.6%), MBL (55.6%), and AmpC (50%). Compared to
the green groups (7.14%) and non-pigmented groups (28.5%), they had a higher frequency of efflux positive groups
(64.2%). Notably, when compared to non-pigmented groups, green pigment-producing strains also displayed anti-
biotic susceptibility behavior similar to yellow pigment-producing strains. The majority of yellow pigment-producing
strains outperformed the green and non-pigmented strains in terms of MIC levels when compared to the other two
groups of strains. Despite the fact that previous studies have demonstrated a direct correlation between multidrug
resistance behaviors and biofilm production, no such statistically significant association between pigment and biofilm
formation was found in our investigation. Our research has demonstrated that the correlation of bacterial pigments
on their susceptibility to antimicrobial agents. Yellow pigment-producing P. geruginosa strains posed a significant
problem due to the lack of alternative agents against such transformed strains, which may be associated with the
development of multidrug resistance.
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Introduction
Pseudomonas aeruginosa strains that are difficult to treat,
such as multidrug-resistant (MDR) and extensively drug-
resistant (XDR), have risen to become the leading cause
of nosocomial infection in humans and pose a life-threat-
ening threat to immunocompromised patients in health
care settings [1-4]. In spite of the fact that limiting-dose
of antibiotics given in bits may strengthen sensitive bac-
teria and transformed them into resistant versions, the
other imperative factors such as bacterial genomic muta-
tions and acquisition of resistance genes, particularly
those encoding extended-spectrum f-lactamases (ESBL)
or carbapenemases through horizontal gene transfer, are
also attributed to acquired resistance [5—8]. The spread of
so-called “high-risk” clones of P aeruginosa, in particu-
lar, poses a threat to global public health, necessitating
extensive microbiological research and disease manage-
ment to prevent their spread [8].

The pigments found in every organism, includ-
ing lower organisms such as microbes and higher

organisms, such as plants and animals, serve a func-
tion. In microorganisms, pigments can be found in
two forms: diffusible/water-soluble pigments that are
secreted into the environment, and non-diffusible pig-
ments that are retained within the organism. Most of
the P aeruginosa produces one or more extracellular
pigments, including pyoverdine (yellow—green and
fluorescent), pyocyanin (blue—green), pyorubrin (red—
brown), and pyomelanin (brown-black) [9, 10]. These
pigments are involved in multiple phenomena, such as
quorum sensing network, virulence factor, antioxidant,
and iron acquisition properties [11-13].

In recent years, several studies have explored the
potential role of pigment production in P aeruginosa
pathogenesis. Laura et al. have demonstrated that the
contribution of pyomelanin production in P aerugi-
nosa provided resistance to oxidative stress as well as
persistent chronic infection properties in a laboratory
setting [13]. Notably, in a murine pneumonia model, a
strong correlation between pyoverdine production and
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virulence behavior of a P aeruginosa strain (isolated
from cystic fibrosis patients) has been demonstrated,
and disruption of pyoverdine production by the spe-
cific inhibitor 5-fluorocytosine improved mice survival
during infection and mitigated multidrug-resistant
pathogenesis [14]. Pigment production appeared to
be associated with virulent properties as expressions
of virulence-associated genes (exoS, rhlA and rhlB)
were more predominant in pigmented isolates than the
non-pigmented clinical strains, suggesting that ana-
lyzing pigment production in clinical isolates can be a
good initiative to determine virulence status of clinical
strains [15].

Other important factors such as production of differ-
ent class of enzymes called “B-lactamases’, which include
ESBLs, AmpC p-lactamases and Metallo-p-lactamases
(MBL) and non-enzymatic mechanism (efflux- or porin-
mediated, outer membrane impermeability, pigment
production, and horizontal gene transfer, etc.) are found
to be associated with increased virulence and MDR
behavior of P aeruginosa isolated from clinical strains
[16—19]. Notably, the relationship between these factors
(ESBL, MBL, AmpC p-lactamases, efflux pumps, hori-
zontal gene transfer, etc.) and biofilm production, which
is another factor in the pathogenesis of P. aeruginosa, has
also been established [20-23]. However, studies describ-
ing the clinical association between pigment production,
MDR behavior and biofilm production are minimal [24,
25]. In this study, we have demonstrated the relationship
between pigment production status and MDR behavior,
biofilm production, B-lactamases producing, and efflux
group of P. aeruginosa strains isolated from various clini-
cal isolates at the All-India Institute of Medical Sciences,
Rishikesh, India.

Materials and methods

Ethics statement and clinical samples

This study was approved by the Institutional Ethical
Committee of the All-India Institute of Medical Sciences
in Rishikesh, India, under the protocol number ECR/736/
Inst/UK/2015/RR-18. A total of 143 consecutive sam-
ples were selected of those identified to be infected with
P aeruginosa strain. From infected patients who were
enrolled in respective departments, outside patients
(OPD), inside patients (IPD), and the intensive care unit
(ICU), samples were collected from a variety of sites,
including pus and pleural fluid as well as urine, blood,
sputum, and other discharges. Samples after collection
were immediately transported to the Microbiology lab
and processed immediately as per routine hospital pro-
cedure of examination including bacterial identification,
gram staining (HIMEDIA, KO001), colony morphology
(size, shape, texture, opacity), motility (hanging drop
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method), pigment production (identified by color pro-
duction), oxidase reaction (Oxidase disc, DD018), and
other routine microbiological procedures [26]. Further
species identification for the isolates was carried out
using Bruker’s MALDI Biotyper Microbial Identification
system (Bruker, USA).

Pigment identification

Color of pigment production was detected by qualita-
tive observation of bacterial growth on preformed King’s
A medium agar (HiMedia, M1543). Inoculated bacte-
ria were allowed to grow for 16 h at 37 °C. Colonies that
appeared blue—green in texture were considered pyocya-
nin producers, while—yellow colonies were considered as
pyoverdine producers (Additional file 1: Figure S1A).

Antibiotic susceptibility test (AST)

We have performed a disc diffusion method to test the
AST of P aeruginosa strains according to the Kirby—
Bauer disk diffusion method on Muller-Hinton agar
(MHA) [27]. We have also utilized an automated method
for AST detection using a MicroScan WalkAway 96 Plus
ID/AST system (Beckman Coulter, Inc., USA) equipped
with software suitable for the interpretation of suscep-
tibility testing results as per manufacturer’s guidelines.
Results of AST were interpreted and categorized as sus-
ceptible (S), Intermediate (I) and Resistant (R) accord-
ing to the Clinical Laboratory Standard Institute (CLSI)
guidelines.

Extended-spectrum B-lactamase detection

ESBL production from all P aeruginosa isolates was
detected by Beckman Coulter Microscan Walk-Away
and double-disc synergy methods. ESBL production
was screened by disc diffusion assay using Ceftazidime
(30 pg) and Ceftazidime/Clavulanic acid (30/10 ug) discs
and Piperacillin (100 pg) and Piperacillin/Tazobactam
(100/10 pg) discs. The zones of inhibition for the Cef-
tazidime and Piperacillin discs were compared to ceftazi-
dime/clavulanic acid and Piperacillin/Tazobactam discs.
An increase in zone diameter in the presence of Tazo-
bactam was confirmed as positive of ESBL production
according to CLSI 2021 guideline. ESBL positive ATCC
27853 was used as a control strain. Bacteria showing
resistance to at least three different classes of antibiotics
were considered multidrug-resistant [28].

Minimal inhibitory concentration (MIC) of MBL producing
P. aeruginosa

To detect MBL production by P aeruginosa isolates, we
performed the RAPIDEC® CARBA NP test (Biomerieux-
diagnostic) that is rapid and well adapted to detect Car-
bapenemase producers as described previously [29]. A
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positive test for MBL producers corresponded to a color
change from red to yellow or orange, light orange, or
dark orange. No color change indicated MBL-non pro-
ducers strains (Additional file 1: Figure S2). MBL positive
producers were further utilized for MIC determination
for 7 antibiotics (Cefepime, Netilmicin, Gentamicin,
Ciprofloxacin, Imipenem, Aztreonam, and Ceftazidime),
respectively.

For MIC, we used antimicrobial gradient method Ezy
MIC™ Strips (HiMedia). In brief, overnight culture of P
aeruginosa clinical isolates were diluted in peptone water
to a turbidity of 0.5 McFarland standards, followed by
inoculum transfer onto MH agar plate. We also utilized
micro broth dilution method for MIC determination,
where a 96-well micro-plate contained varying concen-
trations of antibiotics. Saline suspension was prepared to
test strain equivalent to 0.5 McFarland standards from a
72 h-old subculture. A 100 pl volume of the suspension
was added to each micro-plate with antibiotics incubated
at 16 to 48 h at 37 °C. We utilized ATCC 27853 as ref-
erence strain. The MIC was defined as the lowest con-
centration of a test antibiotic that completely inhibited
bacterial growth. MIC result was interpreted using CLSI
guidelines (Additional file 1: Table S1).

AmpC B-lactamases production phenotypic detection
AmpC p-lactamase production was phenotypically
detected by the Ezy MICTM Strip (HiMedia, EM081)
according to the manufacturer’s instructions. The test
principle comprises a strip impregnated with a concen-
tration gradient of Cefotetan on one half of the strip and
Cefotetan with Cloxacillin on the other half of the strip.
MICs of Cefotetan alone and Cefotetan with Cloxacil-
lin were determined as recommended by the manufac-
turer. Ratios of Cefotetan versus Cefotetan/Cloxacillin
of > 8 were considered positive for AmpC beta-lactamase
production.

Efflux pumps detection by ethidium bromide cartwheel
method

Trypticase Soy Agar (TSA) (HiMedia, M1969) plates
containing ethidium bromide (EtBr) with varying con-
centrations ranging from 0 to 4 mg/L (these concentra-
tions were determined according to the bacterial MICs
for EtBr) were freshly prepared on the same day of the
experiment and kept protected from light. Overnight
cultures of tested bacterial isolates were adjusted to a 0.5
McFarland turbidity standard. The TSA plates of 9.0-cm
diameter was divided into ten to twelve sectors forming
a cartwheel (CW) pattern. The adjusted bacterial cul-
tures were swabbed on the EtBr-TSA plates starting from
the plate’s center to the margin. After incubating the
plates at 37 °C for 16 h, the plates were examined under
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a gel documentation system (Bio-rad, USA). The iso-
lates were considered EtBr-CW-negative if they showed
fluorescence emission at 0.5-1 mg/L EtBr, EtBr-CW
intermediate (emitting fluorescence at 2.0 mg/L) or EtBr-
CW-positive (emitting fluorescence only at 3—4 mg/L).
Staphylococcus aureus ATCC 25923 strain was used as
negative control for the efflux experiment.

Biofilm assay and quantification

Biofilm formation assay was performed as described pre-
viously [30]. In brief, overnight culture of P aeruginosa
strain was diluted to OD of 0.5 according to McFarland
standard. Suspension’s culture was further diluted at
1:100 in 200 pL Luria Bertani broth (LB broth) (HiMedia
M1245). It was then transferred into the sterile microti-
ter plate (96-well plates) and incubated in a static culture
at 37 °C for 3 days. The culture was discarded after three
days and wells were washed with sterile phosphate-buft-
ered saline pH 7.3, and fixed in formaldehyde (10%) for
15 min. The wells were air-dried and stained with crys-
tal violet to stain biofilm (0.1% in ethanol) (HiMedia)
for 5 min. Wells were washed with deionized water to
remove unbound dye and biofilm bound dye was eluted
with ethanol. The optical density (OD) was measured at
550 nm using a plate reader (Eon Microplate Spectro-
photometer by BioTek Instruments, Inc) and performed
in triplicate. To distribute isolates as strong, moderate,
and weak and no-biofilm producing strains, cut off val-
ues of OD was set up that represented mean =+ standard
deviations (SD) of three independent experiments. The
respective cutoff value of OD for strong (1.0+0.2), mod-
erate (0.64+0.08), weak (0.1240.01), and no-biofilm
(0.03 £ 0.00) were considered.

Statistical analysis

All data were analyzed and plotted using GraphPad
Prism 5.02 software (GraphPad, La Jolla, CA, USA) and
Microsoft excel. The difference between the groups and
statistical significance were determined using ANOWA,
chi-square test and T test, the statistical test of the each
investigation is mansion in figure legends. The results are
presented as numbers and percentages at a significance
level of p <0.05.

Results

Prevalence of pigmented and non-pigmented P.
aeruginosa clinical strains

A total of 143 clinical isolates were obtained from OPD,
IPD and ICU departments that were identified to be
infected with P aeruginosa. Among them, 92 (64.5%)
were appeared in IPD department. Of the 143 patients,
93 (65.1%) were males and 50 (34.9%) were females
(P<0.05). Determination of mucoid and non-mucoid
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isolates was investigated phenotypically based on colony
appearance and Congo red agar assay. Both non-mucoid
66 (46.1%) and mucoid 77 (53.8%) group of P. aeruginosa
were identified (P>0.05) (Table 1). Based on pigment
production in Kings medium, 43 (30.1%) of 143 archived
isolates produced yellow pigment, whereas 57 (39.8%)
were green and 43 (30.1%) with no pigment-producing
strains, respectively (P>0.05) (Figure. 1A). As the num-
ber of samples collected from the IPD department was
higher, the relative distribution of green, yellow, and no
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pigment-producing strains was higher in IPD than in the
other hospital department (Figure. 1B).

Antimicrobial resistance pattern of pigmented

and non-pigmented P. aeruginosa clinical strains

We next evaluated the antibiotic susceptibility pat-
tern using a group of 14 anti-pseudomonal drugs. Pig-
mented strains (green and yellow producing strains)
showed more resistance to tested antibiotics than non-
pigmented ones (Figure. 1C). Among the pigmented and

Table 1 Demographic and Clinical Characteristics of P aeruginosa infected patients from OPD, IPD, and ICU

Characteristics OPD n {%]} 36{25.1}

IPD n {%} n=92{64.5}

ICU n {%} n=15{10.4} Total n {%} n=143

Age
Gender
Male 23{63.8} 58{63} 12{80} 93{65.1}
Female 13{36.1} 34{36.9} 3{20} 50{34.9}
Pigment status
No Pigment 14{38.8} 26{28.2} 3{20} 43{30}
Green 15{26.3} 36{39.1} 6{40} 57{39.8}
Yellow 7{19.4} 30{32.6} 6{40} 43{30}
Mucus status
Non-mucoid 20{55.5} 38{41.3} 7{46.6} 66{46.1}
Mucoid 16{44.4} 54{58.6} 8{53.3} 77{53.8}
A C
Yellow Pigment Tobramycin ; i _ Tobramycin
Gentamicin ?‘ E . Benflaiicin
v Green Pigment Amikacin ? 'g:, Amikacin
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NoPigment ] 14 26][] 3 Imipenem == » Imipenem
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T 5 m Colistin
Colistin !:' z r !
Co-trimoxazole E Coshimoxazole
T - —
S esriscs 0.0 50.0100.0
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Figure. 1 Antibiotic Resistance pattern of clinical P geruginosa strains: A Represented image of pigmented (green and yellow) and non-pigmented
clinical strain. B Data bar showing numbers of pigmented and non-pigmented strains from different departments. C % resistance of green, yellow
and no pigment-producing strains with respect to represented antibiotics. D Heat-map representing number of respective antibiotic-resistant
strains relative to pigmented and non-pigmented group in OPD, IPD and ICU department
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non-pigmented groups, the yellow pigment-producing
strains were more resistant to most drugs tested than
green and no pigment-producing strains (Figure. 1C
and Additional file 1: Figure S1B, C). The resistance fre-
quency (in percentage) of non-pigmented, green, and yel-
low strains for represented antibiotics were: Colistin (2.3,
1.8, 16.3), Ciprofloxacin (23.3, 24.6, 53.5), Doripenem
(46.5, 49.1, 69.8), Meropenem (23.3, 29.8, 55.8), Pipera-
cillin/Tz (11.6, 19.3, 48.8), Piperacillin (27.9, 15.8, 37.2),
Ceftazidime (34.9, 54.4, 74.4), and Aztreonam (53.5,
40.4, 53.5), respectively (Figure. 1C). Similar results were
obtained when patients were grouped into OPD, IPD,
and ICU departments, where yellow pigment-producing
strains presented more frequent resistant patterns than
green and non-pigmented strains (Figure. 1D). Notably,
patients from ICU showed a profound resistance pattern
in yellow pigment-producing strains than IPD and OPD
patients (Figure. 1D and Table 2).

On distribution of antibiotics tested into differ-
ent classes, including aminoglycosides carbapenems,
B-lactam and others (fluoroquinolones, Polymyxin, sul-
fonamides), we found majority of P aeruginosa strains
were resistant to -lactam class of antibiotics (Table 2).
Based on pigment production, pigmented strains were
more frequently resistant than non-pigmented strains.
We found yellow-pigmented strains were strongly and
significantly resistant to all classes of antibiotics, followed
by green and non-pigmented strains (Figure. 2A-D).
In B-lactam group, the prevalence of resistance in yel-
low strains (91.5%) was highest, followed by in green
and non-pigmented strains. Similarly, in aminoglyco-
sides class of antibiotics, the prevalence of resistance
was higher as compared carbapenems, and other class of
antibiotics for yellow, green and non-pigmented strains,
respectively.

ESBL, MBL, AmpC and efflux pump activity are prevalent

in pigmented P. aeruginosa clinical strains

Our distribution analysis based on ESBL, MBL and
AmpC producing strains showed yellow-pigmented
P aeruginosa were more frequent producers of ESBL
(55.6%), MBL (55.6%), and AmpC (50%) then green
(ESBL, 30.5%; MBL, 22.2%; AmpC, 25%) and non-pig-
mented (ESBL, 13.9%; MBL, 22.2%; AmpC, 25%) strains
(Figure. 3A and Additional file 1: Figure S2).

We next evaluated efflux activity of isolates by a fluo-
rometric assay that detects EtBr efflux and presents the
ability to pump EtBr out of the cell. We selected all P. aer-
uginosa clinical isolates that presented resistance towards
Ciprofloxacin (47 out of 143) by automated methods
(Microscan Walk-Away 96 plus) and manual disc diffu-
sion methods. Out of 47 Ciprofloxacin-resistant strains,
14 strains (29.8%) did not retain EtBr at various levels
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when tested on agar plates containing EtBr (Additional
file 1: Figure S3). Among 14 positive efflux strains, 9 of
them were yellow pigment producers, 1 was green pig-
ment producer, and 4 were non-pigmented strains (Fig-
ure. 3A). Further characterization of efflux positive strain
based on high, moderate and low efflux activity showed
majority of yellow pigment producers had high efflux
activity (Figure. 3B).

We further determine the frequency of one single
mechanism producers (efflux- or enzyme-positive) and
that of co-producers (positive for two or more than two
enzymes, or enzyme plus efflux). We found, the yellow
and green pigment-producing strains were equally dis-
tributed (46.6%) among single enzyme/efflux positive
producers, whereas non-pigmented were less frequent
(6.6%) (Figure. 3C). Where, yellow pigment-producing
strains were highly frequent (61.9%), then green (19.04%)
and non-pigmented (19.04%) strains among co-produc-
ers strains (Figure. 3D).

MIC of MBL producing pigmented and non-pigmented
strains

MBL producing P. aeruginosa strains threaten individu-
als and are associated with higher morbidity mortality
rates, especially in immunocompromised patients [31].
We have screened the MIC level of all MBL producing
clinical strains (PA103, PA363, PA978, PA786, PA769,
PA302, PA407, PA899, and PA015). Compared to refer-
ence strain ATCC 27853, all MBL positive clinical strains
have shown MIC levels greater than the MIC breakpoints
recommended by CLSI guidelines with all 7 individual
antibiotics tested (except the strain PA015 showed sen-
sitivity to ciprofloxacin) (Additional file 1: Table S1).
Yellow pigment-producing strains have shown MIC lev-
els even greater than green and non-pigmented strains
(Figure. 4A-1I).

Biofilm production of pigmented and non-pigmented
strains

Mucoid and non-mucoid colonies are associated with
biofilm production and resistance to antibiotics, respec-
tively. We do not observe a significant difference in bio-
film formation between mucoid and non-mucoid strains
(Additional file 1: Figure S4A). However, mucoid strains
were frequently resistant to Piperacillin/Tz, Piperacil-
lin, Meropenem, Aztreonam and Doripenem then non-
mucoid strains (Additional file 1: Figure S4B). Among the
mucoid and non-mucoid groups, there was no relative
difference observed in the frequency of yellow, green and
non-pigmented strains (Figure. 5A). To test the biofilm
formation ability of clinical strains, we screened all 143
yellow, green and non-pigmented P aeruginosa strains.
We did not find a correlation of antibiotic resistance
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Figure. 2 Antibiotic susceptibility pattern according to different classes: A P aeruginosa clinical strains representing antibiotic susceptibility
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patterns between biofilm and non-biofilm producers
(Additional file 1: Figure S4C). Out of 143 strains, 106
(74.1%) were biofilm producers, in which 34 (32.1%) were
yellow, 46 (43.4%) green and 26 (24.5%) non pigmented
strains produced biofilm (Figure. 5B). Based on OD
received on microtiter plate, we have further categorized
biofilm producers as strong, moderate and weak biofilm
producers. Comparative analysis among yellow, green
and non-pigmented strains showed 16 (37.2%) of yellow,
17 (29.8%) of green and 9 (20.9%) of non-pigmented were
strong biofilm producers. Whereas 6 (13.9%) of yellow, 13
(22.8%) of green and 12 (27.9%) of non-pigmented were
moderate biofilm producers; and 6 (27.9%) of yellow, 13
(28.1%) of green and 12 (11.6%) of non-pigmented were
weak biofilm producers (Figure. 5C).

Discussion

The increasing prevalence of multidrug-resistant bacte-
rial strains, particularly for the most common clinical
pathogen P. aeruginosa in human isolates, presents a sig-
nificant challenge in the identification of new treatment

strategies, which can result in high rates of morbidity
and mortality in hospitals and other healthcare facilities.
Fortunately, a number of rapid methods have been devel-
oped to identify such MDR species and antibiotic suscep-
tibility within a couple of hours from clinical isolates that
have benefited from the reduction in increasing mortal-
ity [32—35]. Common characteristics for P. aeruginosa
to represent the MDR behavior in clinical strains are the
presence of drug resistance genes or its mutant variety in
bacterial plasmid or in its genome, high expression of a
-lactamase group of enzymes, and up-regulation of drug
efflux pump have been documented [36-39]. Interest-
ingly, a recent effort using proteomic profiling has char-
acterized antibiotics sensitive and MDR clinical strains of
P aeruginosa that provided non-genetic changes associ-
ated with antibiotic susceptibility responses [40].
Pigment production such as pyocyanin and pyoverdin
are important virulent factors that augment bacterial
virulence via diverse mechanisms [13—15]. To the best
of our knowledge, the characterization of MDR signa-
tures of P aeruginosa from clinical strains on the basis



Kothari et al. European Journal of Medical Research (2022) 27:120

Page 9 of 13

Multidrug efflux pumps and B-lactamases positive
(P. aeruginosa)

Frequency (%)

Cc

Percentage of single mechanism
producers, enzyme or efflux

7

ONo Pigment @Green OYellow

1 |
Efflux 4 ]| |
we{ [ |
ESBL - [ | E |
: ; ; T

0 25 50 75 100

Number of efflux-producing
strains

Percentage of multiple mechanisms
producers, enzymes or efflux

R

ONo Pigment @Green OYellow

Figure. 3 Distribution of antibiotic susceptibility pattern according to efflux and 3-lactamases enzyme-producing pigmented and non-pigmented
P geruginosa clinical strains: A Frequency of Extended-Spectrum, Metallo--Lactamase, AmpC-B-Lactamase and efflux positive strains in pigmented
(green and yellow) and non-pigmented groups. B Number of high, moderate and low efflux producing green, yellow and non-pigmented strains. A
number of yellow, green and non-pigmented strains shown in percentage comprises single (C) or combinatorial 3-lactamases producing strains

of pigment production is extremely limited [13—15]. This
study presents a strong association of pigment coloration
produced by P aeruginosa strains from clinical isolates
with MDR behavior, efflux activity, and biofilm forma-
tion. First and foremost, we notified three major groups
of P aeruginosa: green, yellow, and no pigment-produc-
ing strains from our cohort of clinical samples. It should
be noted that we have also identified intermittent red
and brown pigment-producing strains, but we did not
have enough samples to conduct an analysis. As a result,
they have been excluded from this study. Among the
pigmented and non-pigmented strains, the yellow pig-
ment producing strain demonstrated profound resistance
behavior with the majority of antibiotics tested in clinical
samples archived from IPD and ICU departments, indi-
cating that this yellow pigment producing strain may be a
serious risk factor. A remarkable resistance pattern of yel-
low-pigmented strain was noted for different antibiotic
groups, including aminoglycosides, fluoroquinolones,
carbapenem, sulfonamides, Polymyxin and -lactams.
Acquired resistance by producing ESBL, MBL and
AmpC enzymes is a common phenomenon of P aer-
uginosa [41]. Phenotypic methods applied in this study
helped in detecting P aeruginosa isolates producing

various ESBL, MBL, AmpC, enzymes, and efflux activity
against different antibiotics. Despite the fact that the fre-
quency of these enzyme-producing strains in our cohort
of 143 clinical isolates was not higher than that found in
other studies, the prevalence of these enzyme-producing
organisms could vary depending on geographic origins,
infection patterns, hospital infection control measures,
and different departments within the same hospital,
among other factors[16, 35]. To our particular surprise,
our yellow pigment-producing strains were more fre-
quently found to be enzyme producers and to have co-
occurrences with more than one enzyme/efflux positivity
than either our green or non-pigmented strains. Fur-
thermore, the identification of MIC for MBL producing
strains revealed a higher MIC level of yellow pigment
producing strain than the CSLI MIC breakpoints, indi-
cating that the MIC level of yellow pigment producing
strain was increased.

The formation of biofilms is an important mechanism.
The survival of P. aeruginosa causes significant problems,
and the structures that the bacteria develop because
increased resistance to antibiotic treatment. There has
been some evidence of an inverse relationship between
biofilm formation and the expression of MDR genes in a
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few research studies [42, 43]. In our study, though a sig-
nificant number (74.13%) of isolates formed biofilm, we
did not observe a strong correlation of biofilm formation

with pigment production.

In conclusion, green pigmented strains exhibited a
moderate resistance pattern when compared to yellow
and non-pigmented strains, indicating that pigment-
producing strains may be more associated with resistance
to antimicrobial agents than non-pigmented strains and
that comprehensive testing for antibiotic susceptibility
pattern should be performed prior to making a treatment
recommendation to avoid detrimental effects.

Conclusions

For the first time, we have demonstrated a relationship
between pigment coloration and MDR behavior in P
aeruginosa isolates obtained from a variety of clinical

samples in our present study. Furthermore, this study
demonstrated that the different pigmented P aerugi-
nosa isolates were resistant to ESBL, MBL, AmpC, and

efflux mediated resistance. Despite the fact that our

study, which included multiple experiments, revealed
an association between pigment coloration and antibi-
otic resistance behavior, the limitations of our study is
lack of molecular investigations. P. aeruginosa strains
that produce yellow pigment color were found to have
resistance patterns to more than one type of antibiotic
group, the researchers discovered. As a result, deter-
mining the most appropriate antibiotic for treatment

is critical, as the misuse or overuse of antibiotics can
result in a significant increase in the risk of the emer-

gence of antibiotic resistance. This may be a good start-
ing point for determining the multi-drug resistance
status of an isolate, because pigment production can be
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easily determined in most bacteria. For this observation
to be confirmed, however, additional research must be
conducted.
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on agar plates showing yellow (a) and green (b) coloration. Disc diffusion
on Mueller Hinton agar displayed antibiotic susceptibility of green (B) and
yellow (C) pigment producing clinical strains. Figure S2. Representative
images of Rapidec Carba NP test for MBL producing P, aeruginosa clinical
strain. The reaction’s positivity must be read in well €, while well d"is a con-
trol that must be red to validate the test. Yellow color in well “¢” represents
strong positive result for MBL producers (indicated by solid arrow). Weak
MBL producers are represented by orange, light orange, dark orange color
in obtained in well “e” (indicated by dotted arrow). Red color in well “¢”
indicates MBL negative isolate. We identified yellow pigment producing
strains were primarily strong MBL producers compared followed by green
and no-pigment producing strains.

Acknowledgements

N.J. is supported by Ramalingaswami grant (BT/RLF/Re-entry/18/2017) from
the Department of Biotechnology, Ministry of Science and Technology,
Government of India.

Author contributions

AK designed & performed all the experiments, generated tables & figures. NJ
contributed to writing the manuscript. SK, PR, VS, KK, AP, NJ and BJO, gener-
ated laboratory resources, had proofread and approved the final manuscript.
All authors have read and agreed to the published version of the manuscript.
All authors read and approved the final manuscript.

Funding
This work is supported by an intramural fund from All India Institute Medical
Sciences, Rishikesh, provided to AK. as PhD fellowship (319/IEC/Ph.D./2018).

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of the All Indian
Institute of Medical Sciences Rishikesh, India (Ethical approval number
ECR/736/Inst/UK/2015/RR-18).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


https://doi.org/10.1186/s40001-022-00752-6
https://doi.org/10.1186/s40001-022-00752-6

Kothari et al. European Journal of Medical Research (2022) 27:120

Author details

'Department of Microbiology, All India Institute of Medical Sciences, Rishi-
kesh 249203, India. 2Department of Microbiology, All India Institute of Medical
Sciences, Deoghar 814152, India. *Department of Biochemistry, All India
Institute of Medical Sciences, Rishikesh 249203, India. “Department of Ecology
and Evolutionary Biology, University of Michigan, Ann Arbor, MI 48109, USA.
°Department of Medical Oncology, All India Institute of Medical Sciences,
Rishikesh 249203, India. ®Division of Cancer Biology, Central Drug Research
Institute, Lucknow 226031, India.

Received: 1 March 2022 Accepted: 24 June 2022
Published online: 16 July 2022

References

1. Abdelrahman DN, Taha AA, Dafaallah MM, Mohammed AA, El Hussein
ARM, Hashim Al, Hamedelnil YF, Altayb HN. beta-lactamases (bla TEM,
bla SHV, bla CTXM-1, bla VEB, bla OXA-1) and class C beta-lactamases
gene frequency in Pseudomonas aeruginosa isolated from various clinical
specimens in Khartoum State, Sudan: a cross sectional study. F1000Res.
2020;9:774.

2. Gale MJ, Maritato MS, Chen YL, Abdulateef SS, Ruiz JE. Pseudomonas
aeruginosa causing inflammatory mass of the nasopharynx in an immu-
nocompromised HIV infected patient: a mimic of malignancy. IDCases.
2015;2(2):40-3.

3. Gomila A, Carratala J, Badia JM, Camprubi D, Piriz M, Shaw E, Diaz-Brito
V, Espejo E, Nicolas C, Brugues M, et al. Preoperative oral antibiotic
prophylaxis reduces Pseudomonas aeruginosa surgical site infections after
elective colorectal surgery: a multicenter prospective cohort study. BMC
Infect Dis. 2018;18(1):507.

4. Pang Z, Raudonis R, Glick BR, Lin TJ, Cheng Z. Antibiotic resistance in Pseu-
domonas aeruginosa: mechanisms and alternative therapeutic strategies.
Biotechnol Adv. 2019;37(1):177-92.

5. Gjini E, Pauperio FFS, Ganusov VV. Treatment timing shifts the benefits
of short and long antibiotic treatment over infection. Evol Med Public
Health. 2020;2020(1):249-63.

6. Poole K. Pseudomonas aeruginosa: resistance to the max. Front Microbiol.
2011;2:65.

7. Breidenstein EB, de la Fuente-Nunez C, Hancock RE. Pseudomonas aerugi-
nosa: all roads lead to resistance. Trends Microbiol. 2011;19(8):419-26.

8. Oliver A, Mulet X, Lopez-Causape C, Juan C. The increasing threat
of Pseudomonas aeruginosa high-risk clones. Drug Resist Updat.
2015;21-22:41-59.

9. Krieg NR: Bergey's manual of systematic bacteriology. In., 2nd edn.:
Springer-Verlag; 2010.

10. Prince AS: Principles and practice of pediatric infectious diseases. In.,
Forth edn.; 2012.

11. Dietrich LE, Price-Whelan A, Petersen A, Whiteley M, Newman DK.

The phenazine pyocyanin is a terminal signalling factor in the quo-
rum sensing network of Pseudomonas aeruginosa. Mol Microbiol.
2006;61(5):1308-21.

12. Elbargisy RM. Optimization of nutritional and environmental conditions
for pyocyanin production by urine isolates of Pseudomonas aeruginosa.
Saudi J Biol Sci. 2021;28(1):993-1000.

13. Ketelboeter LM, Potharla VY, Bardy SL. NTBC treatment of the pyomelano-
genic Pseudomonas aeruginosa clinical isolate PAT1111 inhibits pigment
production and increases sensitivity to oxidative stress. Curr Microbiol.
2014;69(3):343-8.

14. Kang D, Revtovich AV, Chen Q, Shah KN, Cannon CL, Kirienko NV.
Pyoverdine-dependent virulence of Pseudomonas aeruginosa isolates
from cystic fibrosis patients. Front Microbiol. 2019;10:2048.

15. Finlayson EA, Brown PD. Comparison of antibiotic resistance and
virulence factors in pigmented and non-pigmented Pseudomonas aerugi-
nosa. West Indian Med J. 2011;60(1):24-32.

16. Peymani A, Naserpour-Farivar T, Zare E, Azarhoosh KH. Distribution of
blaTEM, blaSHV, and blaCTX-M genes among ESBL-producing P, aerugi-
nosa isolated from Qazvin and tehran hospitals. Iran J Prev Med Hyg.
2017;58(2):155-60.

17. Rawat D, Nair D. Extended-spectrum beta-lactamases in gram negative
bacteria. J Glob Infect Dis. 2010;2(3):263-74.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

Page 12 of 13

. Oberoi L, Singh N, Sharma P, Aggarwal A. ESBL, MBL and ampc beta lacta-

mases producing superbugs - havoc in the intensive care units of Punjab
India. J Clin Diagn Res. 2013;7(1):70-3.

. Cunrath O, Meinel DM, Maturana P, Fanous J, Buyck JM, Saint Auguste P,

Seth-Smith HMB, Korner J, Dehio C, Trebosc V, et al. Quantitative contri-
bution of efflux to multi-drug resistance of clinical Escherichia coli and
Pseudomonas aeruginosa strains. EBioMedicine. 2019;41:479-87.
Moradali MF, Ghods S, Rehm BH. Pseudomonas aeruginosa lifestyle: a para-
digm for adaptation, survival, and persistence. Front Cell Infect Microbiol.
2017;7:39.

Heydari S, Eftekhar F. Biofilm formation and beta-lactamase production
in burn isolates of Pseudomonas aeruginosa. Jundishapur J Microbiol.
2015;8(3):e15514.

Asadpour L. Antimicrobial resistance, biofilm-forming ability and viru-
lence potential of Pseudomonas aeruginosa isolated from burn patients
in northern Iran. J Glob Antimicrob Resist. 2018;13:214-20.

Szemeredi N, Kincses A, Rehorova K, Hoang L, Salardon-Jimenez N,
Sevilla-Hernandez C, Viktorova J, Dominguez-Alvarez E, Spengler G.
Ketone- and Cyano-Selenoesters to overcome efflux pump, quorum-
sensing, and biofilm-mediated resistance. Antibiotics. 2020;9(12):896.
Milojkovic M, Nenadovic Z, Stankovic S, Bozic DD, Nedeljkovic NS,
Cirkovic |, Petrovic M, Dimkic I. Phenotypic and genetic properties of
susceptible and multidrug-resistant Pseudomonas aeruginosa isolates in
Southern Serbia. Arh Hig Rada Toksikol. 2020;71(3):231-50.

Meirelles LA, Newman DK. Both toxic and beneficial effects of pyocyanin
contribute to the lifecycle of Pseudomonas aeruginosa. Mol Microbiol.
2018;110(6):995-1010.

Collee JG DJ, Fraser AG, Marmion BP, Simmons A: Laboratory strategy in
the diagnosis of infective syndromes. In. Volume 14, edn.: Mackie and
McCartney practical medical microbiology; 1996: 53-94.

Hudzicki J: Kirby-bauer disk diffusion susceptibility test In., edn.: ASM;
2009.

Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG,
Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B, et al. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant bacteria: an
international expert proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect. 2012;18(3):268-81.

Poirel L, Nordmann P. Rapidec carba NP test for rapid detection of carbap-
enemase producers. J Clin Microbiol. 2015;53(9):3003-8.

Tang J, Wang W, Chu W. Antimicrobial and anti-quorum sensing activi-
ties of phlorotannins from seaweed (Hizikia fusiforme). Front Cell Infect
Microbiol. 2020;10: 586750.

Hong DJ, Bae IK, Jang IH, Jeong SH, Kang HK, Lee K. Epidemiology and
characteristics of metallo-beta-lactamase-producing Pseudomonas
aeruginosa. Infect Chemother. 2015;47(2):81-97.

Jackson N, Borges CA, Tarlton NJ, Resendez A, Milton AK, de Boer TR,
Butcher CR, Murthy N, Riley LW. A rapid, antibiotic susceptibility test for
multidrug-resistant, gram-negative bacterial uropathogens using the
biochemical assay detect. J Microbiol Methods. 2021;182:106160.
Demord A, Poirel L, D'Emidio F, Pomponio S, Nordmann P. Rapid ESBL NP
test for rapid detection of expanded-spectrum B-lactamase producers in
Enterobacterales. Microbial Drug Resistance. 2021 Aug 1,27(8):1131-5.
Rudresh SM, Ravi GS, Sunitha L, Hajira SN, Kalaiarasan E, Harish BN. Simple,
rapid, and cost-effective modified carba np test for carbapenemase
detection among gram-negative bacteria. J Lab Phys. 2017;9(4):303-7.
Begum S, Salam MA, Alam KF, Begum N, Hassan P, Hag JA. Detection of
extended spectrum B-lactamase in Pseudomonas spp. isolated from
two tertiary care hospitals in Bangladesh. BMC research notes. 2013
Dec;6(1):1-4.

El Shamy AA, Zakaria Z, Tolba MM, Salah Eldin N, Rabea AT, Tawfick MM,
Nasser HA. AmpC beta-lactamase variable expression in common multi-
drug-resistant nosocomial bacterial pathogens from a tertiary hospital in
cairo, Egypt. Int J Microbiol. 2021;2021:6633888.

Hosu MC, Vasaikar SD, Okuthe GE, Apalata T. Detection of extended
spectrum beta-lactamase genes in Pseudomonas aeruginosa isolated
from patients in rural eastern cape province, South Africa. Sci Rep.
2021;11(1):7110.

Tooke CL, Hinchliffe P, Bragginton EC, Colenso CK, Hirvonen VHA, Take-
bayashiY, Spencer J. beta-Lactamases and beta-Lactamase Inhibitors in
the 21st Century. J Mol Biol. 2019;431(18):3472-500.



Kothari et al. European Journal of Medical Research

39.

40.

41.

42.

43.

(2022) 27:120

Manchanda V, Singh NP. Occurrence and detection of AmpC beta-lac-
tamases among gram-negative clinical isolates using a modified three-
dimensional test at guru tegh bahadur hospital, Delhi, India. J Antimicrob
Chemother. 2003;51(2):415-8.

Liew SM, Puthucheary SD, Rajasekaram G, Chai HC, Chua KH. Proteomic

profiling of clinical and environmental strains of Pseudomonas aeruginosa.

Mol Biol Rep. 2021;48(3):2325-33.

Paterson DL, Bonomo RA. Extended-spectrum beta-lactamases: a clinical
update. Clin Microbiol Rev. 2005;18(4):657-86.

Yamani L, Alamri A, Alsultan A, Alfifi S, Ansari MA, Alnimr A. Inverse
correlation between biofilm production efficiency and antimicrobial
resistance in clinical isolates of Pseudomonas aeruginosa. Microb Pathog.
2021;157:104989.

Kamali E, Jamali A, Ardebili A, Ezadi F, Mohebbi A. Evaluation of antimicro-
bial resistance, biofilm forming potential, and the presence of biofilm-
related genes among clinical isolates of Pseudomonas aeruginosa. BMC
Res Notes. 2020;13(1):27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Association of multidrug resistance behavior of clinical Pseudomonas aeruginosa to pigment coloration
	Abstract 
	Introduction
	Materials and methods
	Ethics statement and clinical samples
	Pigment identification
	Antibiotic susceptibility test (AST)
	Extended-spectrum β-lactamase detection
	Minimal inhibitory concentration (MIC) of MBL producing P. aeruginosa
	AmpC β-lactamases production phenotypic detection
	Efflux pumps detection by ethidium bromide cartwheel method
	Biofilm assay and quantification
	Statistical analysis

	Results
	Prevalence of pigmented and non-pigmented P. aeruginosa clinical strains
	Antimicrobial resistance pattern of pigmented and non-pigmented P. aeruginosa clinical strains
	ESBL, MBL, AmpC and efflux pump activity are prevalent in pigmented P. aeruginosa clinical strains
	MIC of MBL producing pigmented and non-pigmented strains
	Biofilm production of pigmented and non-pigmented strains

	Discussion
	Conclusions
	Acknowledgements
	References




