Heliyon 6 (2020) e05494

¢ CellPress

Contents lists available at ScienceDirect

Heliyon
Heliyon

journal homepage: www.cell.com/heliyon caress

The microcolony detection method (MCD), a simple and rapid screening test )

Check for

for antimicrobial resistance bacteria on positive blood cultures

Tomokazu Kuchibiro® ', Asami Hirano °, Shirou Ogasawara °, Tatsuya Nakamura

b

& Department of Clinical Laboratory, Naga Municipal Hospital, 1282 Uchita, Kinokawa, Wakayama, 649-6414, Japan
® Department of Medical Technology and Sciences Facility of Health Sciences, Kyoto Tachibana University, 34 Ohtakuyamadacho, Yamashina-ku, Kyoto City, Kyoto, 607-

8175, Japan

ARTICLE INFO

Keywords:

Biotechnology

Microbiology

Genetics

Bacteria

Microbial genomics

Microorganism

Microbial biotechnology
Bloodstream infection

Antimicrobial therapy

Microcolony detection method
MRSA

Extended spectrum f-lactamase production in
Enterobacterales
Carbapenem-resistant Enterobacterales

ABSTRACT

Rapid detection of antibiotic-resistant bacteria in blood cultures is critical for the timely treatment of patients with
sepsis. The aim of this study was to develop a simple method for the rapid detection of drug-resistant bacteria
from blood cultures and to evaluate its performance. We developed an optical microscopy-based microcolony
detection method (MCD) for the rapid detection of antibiotic-resistant bacterial colonies in media. This method
was tested using staphylococci resistant to methicillin and gram-negative bacilli resistant to third-generation
cephalosporins and carbapenem. The results of the investigations of clinical samples using this method were
compared with the drug susceptibility testing results for each of the 457 isolates, which included 134 staphy-
lococci and 323 g-negative bacilli. The MCD was successful in detecting antibiotic-resistant bacterial growth from
culture-positive blood samples in approximately 3 h. The sensitivity/specificity for methicillin-resistant staphy-
lococci was 100%/97.2%. In the case of gram-negative bacilli, the sensitivity/specificity values for bacteria
resistant to ceftriaxone, ceftazidime, and carbapenem were 100%/98.7%, 100%,/89.3%, and 100%,/90.9%,
respectively. Therefore, MCD is a clinically useful screening method for the efficient and rapid detection of
antibiotic-resistant bacteria and can be easily implemented in laboratories.

1. Introduction

from culture-positive blood samples. We also utilized this method to
detect resistance of gram-negative bacteria of the Enterobacterelaes to-

Bloodstream infections (BSI) are an important cause of mortality and
healthcare costs worldwide [1, 2]. Early treatment of sepsis with an
appropriate antimicrobial drug has a positive influence on the prognosis
[3]. Therefore, rapid detection of resistant bacteria in blood culture is
extremely important in the treatment of infectious diseases. In this study,
we have devised and evaluated a simple screening method for the rapid
detection of antibiotic resistance in bacteria from blood culture.

2. Materials and methods
2.1. Proof-of-concept investigation
We first evaluated the performance of this method with respect to the

rapid detection of methicillin resistance in Staphylococcus spp., specif-
ically in strains of methicillin-resistant Staphylococcus aureus (MRSA),

* Corresponding author.
E-mail address: tk_kensa@nagahp.jp (T. Kuchibiro).

https://doi.org/10.1016/j.heliyon.2020.e05494

wards third-generation cephalosporins (3GC), via the production of
extended-spectrum f-lactamases (ESBL), and carbapenem, via the pro-
duction of carbapenemases, as observed in carbapenemase-producing
Enterobacterelaes (CPE). Specifically, the microcolony detection method
(MCD) was evaluated using mecA-positive MRSA (30 strains), 30 ESBL-
producing Enterobacterales (1 TEM-20, 1 TEM-52, 2 SHV-12, 12 CTX-M-
1, 12 CTX-M-9, and 2 CTX-M-2), 30 plasmid-mediated AmpC f-lacta-
mases (pAmpC)-producing Enterobacterales (17 CIT, 10 DHA, and 3
MOX), and 30 CPE (19 IMP, 2 VIM, 1 KPC, 1 NDM, 1 OXA-48, and 6 GES-
4) strains. The strains used were either obtained from preserved clinical
isolates or from the collection of the Study of Bacterial Resistance Kinki
Region of Japan (SBRK). Confirmation of the mechanism of resistance
was performed by PCR as previously reported [4, 5, 6, 7, 8, 9]. The
amplified products were sequenced using an automated DNA sequencer
(ABI 3100, Applied Biosystems, Foster City, CA). Clinical isolates,
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specifically, 30 g-positive and 30 g-negative bacterial strains that did not
display antibiotic resistance, acted as negative controls.

2.2. Clinical investigation

Clinical investigations were conducted over a period of 36 months
(April 2017 to March 2020), and 456 specimens that resulted in a posi-
tive blood culture were targeted. The isolates included 134 strains of
cluster-forming gram-positive cocci and 323 strains of gram-negative
bacilli. The microorganisms were identified using VITEK 2 (bio-
Meérieux, Marcy—l'Etoile, France). The gram-positive bacteria were all
strains of staphylococci, including 88 strains of S. aureus, 29 of Staphy-
lococcus epidermidis, 5 of Staphylococcus lugdunensis, 6 of Staphylococcus
hominis, 3 of Staphylococcus haemolyticus, 1 of Staphylococcus simulans, 1
of Staphylococcus warneri, and 1 of Staphylococcus schleiferi. The gram-
negative bacteria included 289 Enterobacterales strains- 149 strains of
Escherichia coli, 79 of Klebsiella pneumoniae, 18 of the Enterobacter cloacae
complex, 14 of Klebsiella oxytoca, 10 of Proteus mirabilis, 6 of Klebsiella
aerogenes (Enterobacter aerogenes), 5 of Citrobacter koseri, 4 of Citrobacter
freundii, 2 of Serratia marcescens, 1 of Raoultella planticola, and 1 Salmo-
nella spp. In addition, 3 strains of Aeromonas spp. and 31 strains of
glucose-nofermenting Gram-negative rods (NF-GNR) including 17 strains
of Pseudomonas aeruginosa, 8 of the Acinetobacter baumannii complex, 5 of
Stenotrophomonas maltophilia, and 1 Shewanella algae were also analyzed.
Anaerobes were excluded from the study. The study was approved by the
Naga municipal hospital ethics committee.

2.3. Microcolony detection method (MCD)

We developed a novel test method for the rapid detection of bacterial
microcolonies on selective media supplemented with antibiotics. Blood
cultures were maintained using BD BACTEC FX (Becton Dickinson, Tokyo,
Japan). When a positive signal of growth was observed, subcultures were
made onto sheep blood agar (Kyokuto Pharmaceutical Co., Tokyo, Japan),
modified Drigalski agar (BTB agar; Eiken Chemical, Tokyo, Japan), and an
antibiotic-containing selective medium for the detection of possible
antibiotic-resistant bacteria from the positive blood cultures. The selec-
tive medium used for gram-positive cocci was CHROMagar MRSA
(CHROMagar, Paris, France), and that used for gram-negative bacilli
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included chromID ESBL medium (bioMérieux) and CHROMagar mSu-
perCARBA medium (CHROMagar). The subculture was performed by
extracting the positive blood culture using a syringe and adding 1 pL of it
to each culture medium. The subcultured media were incubated at 35 °C
under aerobic conditions. After 2-4 h, antibiotic-containing selective
media (with the lid on) were placed on the stage of an optical microscope,
and formation of microcolonies at the base of the culture plate was
monitored at 100x magnification using a 10x objective lens. We have
termed this method MCD. Before growth in the selective bacterial culture
medium can be confirmed, it is necessary to confirm bacterial growth in a
nonselective medium. Accordingly, MCD was first used to determine the
formation of microcolonies in BTB agar. The subsequent detection of
similar microcolonies in selective bacterial culture media was considered
positive for antibiotic-resistant bacteria and negative for the detection of
no microcolonies (Figures 1 and 2). In the analysis of gram-negative
bacilli, the appearance of microcolonies, which were either elliptic or
had filamentation, were considered as signs of positive growth (Figure 3).
In the chromID ESBL medium, the result was regarded as negative if there
was no formation of microcolonies and a filament image could be
confirmed (Figure 4c). If microcolonies did not form in the BTB agar
within the stipulated time, it was judged as indeterminate.

2.4. Evaluation of MCD

The MCD results obtained for strains used in the proof-of-concept
investigation were compared to the search results of the resistance
gene, whereas the MCD results from the clinical investigation were
compared to those obtained by antimicrobial susceptibility testing car-
ried out using VITEK 2. Antimicrobial susceptibility tests were carried out
using CLSI M100 - S27 [10] with the use of oxacillin and cefoxitin for
testing methicillin-resistance in staphylococci; ceftriaxone (CTRX) and
ceftazidime (CAZ) for testing 3GC-resistance in gram-negative bacilli;
and imipenem (IPM) and meropenem (MEPM) for testing
carbapenem-resistance in gram-negative bacilli.

2.5. Quality control of MCD

Staphylococcus aureus ATCC 43300 was used as the positive control
for methicillin-resistance, and Staphylococcus aureus ATCC 29213 was
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Figure 1. Image of micro colonies of staphylococci formed on each medium by microcolony detection method (MCD) (x100) a:Methicillin-susceptible staphylococci
on the BTB agar, b:Methicillin-resistant staphylococci on the BTB agar, c:Methicillin-susceptible staphylococci on the CHROMagar MRSA medium, there is no for-
mation of small colonies, only red blood cells can be confirmed, d: Methicillin-resistant staphylococci on the CHROMagar MRSA medium.
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Figure 2. Image of micro colonies of Enterobacterales
formed on each medium by MCD (x 100) a:
Carbapenem-susceptible Enterobacterales on the BTB
agar, b: Carbapenem-resistant Enterobacterales (IMP-1
producing) on the BTB agar, c: Carbapenem-
susceptible Enterobacterales on the CHROMagar mSu-
perCARBA medium, there is no formation of small
colonies, only red blood cells can be confirmed, d:
Carbapenem-resistant Enterobacterales (IMP-1 pro-
ducing) on the CHROMagar mSuperCARBA medium.

Figure 3. Image of micro colonies with filamentization of gram-negative bacteria formed on each medium by MCD (x 100) a: Carbapenem-resistant Enterobacterales
(IMP-6 producing) on the chromID ESBL medium, b: Carbapenem-resistant Enterobacterales (IMP-6 producing) on the CHROMagar mSuperCARBA medium. c:
Pseudomonas aeruginosa on the chromID ESBL medium, d: Pseudomonas aeruginosa on the CHROMagar mSuperCARBA medium.

used as the negative control. Among the gram-negative bacilli, Klebsiella
pneumoniae ATCC 700603 was used as a positive control for 3GC-resis-
tance and Klebsiella pneumoniae ATCC BAA-1705 for carbapenem-
resistance; E. coli ATCC 25922 was used as the negative control.

3. Results

The MCD analysis of all strains used in the proof-of-concept investi-
gation revealed formation of microcolonies on BTB agar within 2-4 h

(average 3 h) (Table 1). Hundred percent sensitivity and specificity was
observed in the detection of the mecA-positive strains of Staphylococcus
and the ESBL and carbapenemase gene-carrying strains of Enter-
obacterales by MCD. The pAmpC gene-carrying strains were detected with
56.7% sensitivity (Table 2). The antimicrobial susceptibility testing
carried out as a part of the clinical investigation (Table 3) revealed that
17 isolates of S. aureus and 32 of coagulase-negative staphylococci were
resistant to methicillin. However, 2 isolates of S. lugdunensis failed to
form a clear colony on BTB agar within 4 h and were therefore judged as
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Figure 4. Image of micro colonies of Enterobacterales formed on each medium by MCD (x100) a: Third generation cephalosporin (3GC)-susceptible Enterobacterales
(non-ESBL producing) on the BTB agar, b: 3GC-resistant Enterobacterales (ESBL producing) on the BTB agar, c: 3GC-susceptible Enterobacterales (non-ESBL producing)
forms filament type on the chromID ESBL medium, d: 3GC-resistant Enterobacterales (ESBL producing) on the chromID ESBL medium.

indeterminate. Among the gram-negative bacilli, 3GC-resistance was
observed in 23 ESBL producers (17 E. coli, 5 K. pneumoniae, and 1
P. mirabilis), 4 AmpC B-lactamase producers (3 E. cloacae complex and 1
C. freundii), 5 NF-GNR, and 1 Aeromonas spp. Carbapenem-resistant
strains included 1 non-carbapenemase-producing Enterobacter cloacae
and 3 NF-GNR (Table 4). The results obtained for P. aeruginosa and
A. baumannii complex showed discordance. When the results were
divided by strain, the results obtained with Enterobacterales showed
100% sensitivity and specificity. Only one of the S. algae was indeter-
minate. Detection of antibiotic resistance using MCD was possible in most
cases in an average of 3 h.

4. Discussion
Rapid detection of antimicrobial resistance in culture-positive blood

specimens is critical to ensure timely and appropriate antibiotic therapy
that can reduce mortality rates in patients with BSI [11]. In recent years,

several methods have been developed to detect resistance genes in blood
culture using PCR [12, 13, 14, 15]. Although these methods are being
widely used, they have intrinsic limitations such as complex procedures,
high costs and the necessity of a dedicated machine. MCD was developed
with the aim of rapidly detecting antibiotic-resistant bacteria from blood
cultures using a simple procedure. This method of observing the culture
medium directly using a microscope to detect colonies is not a new one; it
has previously been wused for culturing mycoplasma using
pleuropneumonia-like organism (PPLO) agar medium [16]. We believe
that by using this method in combination with selective media containing
antibiotics, it is possible to simplify and speed up the screening and
detection of antibiotic-resistant bacteria in patients with sepsis.
Working on a simple principle, the MCD detects the formation of
microcolonies that cannot be observed by the naked eye. Therefore, the
accuracy of this method is a function of the quality of the agar me-
dium. No special microscope or lens is required; therefore, MCD can be
performed using an optical microscope routinely used in laboratories.

Table 1. Judgment time of proof-of-concept investigation by comparison between MCD and each resistant bacteria.

organism Incubation time (h) average time (h)
2 3 4
Staphylococcus aureus mecA gene positive (n = 30) 0 29 1 3.03
negative (n = 30) 0 28 2 3.07
total (n = 60) 0 57 & 3.05
Enterobacterales ESBL gene positive (n = 30) 6 24 0 2.80
negative (n = 30) 2 27 1 2.97
total (n = 60) 8 51 1 2.88
pAmpC gene positive (n = 30) 6 24 0 2.80
negative (n = 30) 2 27 1 2.97
total (n = 60) 8 51 1 2.88
Carbapenemase gene positive (n = 30) 6 24 0 2.80
negative (n = 30) 2 27 1 2.97
total (n = 60) 8 51 1 2.88

MCD: Microcolony Detection method; ESBL: extended spectrum p-lactamase; pAmpC: plasmid mediated AmpC p-lactamase; The MCD used CHROMagar MRSA medium
for comparison with mecA gene of staphylococci, chromID ESBL medium for comparison with ESBL and pAmpC gene of Enterobacterales, and CHROMagar mSu-

perCARBA medium for comparison with carbapenemase producing Enterobacterales.
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Table 2. Result of proof-of-concept investigation by comparison between MCD and each resistant bacteria.

Staphylococcus aureus Enterobacterales

mecA gene ESBL gene pAmpC gene Carbapenemase gene

Positive (n = 30) Negative (n = 30) Positive (n = 30) Negative (n = 30) Positive (n = 30) Negative (n = 30) Positive (n = 30) Negative (n = 30)

MCD Positive 30 0 30 0 17 0 30 0
Negative 0 30 0 30 13 30 0 30
sensitivity (%) 100 100 56.7 100
specificity (%) 100 100 100 100

MCD: Microcolony Detection method; ESBL: extended spectrum p-lactamase; pAmpC: plasmid mediated AmpC p-lactamase; The MCD used CHROMagar MRSA medium
for comparison with mecA gene of staphylococci, chromID ESBL medium for comparison with ESBL and pAmpC gene of Enterobacterales, and CHROMagar mSu-
perCARBA medium for comparison with carbapenemase producing Enterobacterales.

Table 3. Results of comparative study between MCD and antimicrobial susceptibility of staphylococci using 134 clinical isolates.

Staphylococci (n = 134)

MPIPC

CFX

Resistant (n = 62)

Susceptible (n = 72)

Resistant (n = 62) Susceptible (n = 72)

MCD Positive 62 0 62 0
Indeterminate 0 2 0 2
Negative 0 70 0 70
sensitivity (%) 100 100
specificity (%) 97.2 97.2

MCD: Microcolony Detection method; MPIPC: oxacillin; CFX: cefoxitin; The MCD used CHROMagar MRSA medium for comparison with methicillin sensitivity of

staphylococci.

Table 4. Results of comparative study between MCD and antimicrobial susceptibility of gram negative bacteria using 323 clinical isolates.

Gram-negative bacteria (n = 323)

CTRX CAZ

IPM MEPM

Resistant (n = 86) Susceptible (n = 237) Resistant (n = 61) Susceptible (n = 262) Resistant (n = 6) Susceptible (n = 317) Resistant (n = 6) Susceptible (n = 317)

MCD Positive 86 2 61 27 6 28 6 28
Indeterminate O 1 0 1 0 1 0 1
Negative 0 234 0 234 0 288 0 288
sensitivity (%) 100 100 100 100
specificity (%) 98.7 89.3 90.9 90.9

MCD: Microcolony Detection method; CTRX: ceftriaxone; CAZ: ceftazidime; IPM: imipenem; MEPM: meropenem; The MCD used chromID ESBL medium for comparison
with susceptibility of third generation cephalosporin of gram-negative bacteria, and CHROMagar mSuperCARBA medium for comparison with susceptibility of car-

bapenem of gram-negative bacteria.

We believe that it will be beneficial to investigate the use of other
media in conjunction with MCD. The use of BTB agar is primarily to
prevent false negatives; it is important to confirm the formation of
microcolonies in a non-selective medium before results in a selective
medium can be interpreted. It is easier to observe small colonies on
BTB agar than on blood agar due to greater transmission of light in the
former. In instances where BTB is not used in MCD analysis, we
recommend the use of a non-selective agar medium such as Mueller-
Hinton agar, which displays good light transmission. The detection of
microcolonies is not difficult, and most researchers can discern bacte-
rial growth in a short time. Although most bacterial species can be
detected in about 3-4 h, MCD screening may be inappropriate for
bacteria that show growth retardation or poor growth on non-selective
agar medium.

MCD using chromID ESBL medium revealed filamentation of all
Enterobacterales that were sensitive to 3GC; this was probably due to the
antibacterial activity of the cefpodoxime added to this medium [17]. In
line with this possibility, the bacteria that displayed filamentation were
considered susceptible to 3GC. NF-GNR such as P. aeruginosa, however,

displayed both microcolony formation and filamentation. Therefore, the
analysis of gram-negative bacilli outside the Enterobacterales order should
be performed very carefully. The chromID ESBL medium can detect
ESBL-producing bacteria with high sensitivity, but false positives such as
those reported for P. aeruginosa and chromosomal AmpC f-lactamase
producing Enterobacterales are possible [17]. Nevertheless, the formation
of colonies in this medium is indicative of bacterial resistance to 3GC
(including in the cases of false positives), enabling the quick determi-
nation of the drug susceptibility of the strains. Since the detection
sensitivity of pAmpC was low when the chromID ESBL medium was used,
detection of AmpC-producing bacteria may require subculture in other
media.

Carbapenem-susceptible strains were not found to exhibit fila-
mentation on mSuperCARBA medium (the antimicrobial drugs in this
medium were not disclosed by the company); however, it has been
confirmed that CPE can form microcolonies while being filamentized in
this medium. It is necessary to consider these instances as resistance to
the drug. Cases of sepsis caused by CPE are extremely rare in Japan;
therefore, only one carbapenem-resistant Enterobacterales (CRE) was used
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in this clinical study. It has been reported that the SuperCARBA and
mSuperCARBA media have high sensitivity for the detection of CRE [18,
19]; the MCD method using these media can therefore be presumed to be
useful for the rapid detection of CRE. Further investigation is, however,
required for the detection of CPE.

NF-GNR detected in this study showed growth in chromID ESBL
medium and mSuperCARBA media. The cause seems to be intrinsic
resistance to the antibacterial drugs contained in these media. Growth
detected by the MCD method can, therefore, be presumed to be NF-GNR
in addition to CRE. It should be noted that although P. aeruginosa and
A. baumannii complex displayed growth in the MCD method, these iso-
lates were found to be susceptible to CAZ, IPM, and MEPM. Thus, the
results of this method may not be consistent with those from suscepti-
bility testing for NF-GNR.

Although the antimicrobial agent in CHROMagar MRSA is undis-
closed, this medium has been reported to be very sensitive for the
detection of methicillin-resistance [20]. Therefore, MCD using this me-
dium was found to be wuseful for the rapid detection of
methicillin-resistance.

A possible cause of false positives is the use of expired anti-
bacterial media with reduced drug potency. In addition, false
positives can occur even when observing only the first area where
the blood culture positive fluid is applied in a concentrated
manner. Therefore, colony observation should be judged in the
area where independent colonies can be confirmed. False nega-
tives may be due to bacterial growth failure. However, we specu-
late that false negatives can be prevented by observing the
colonies of antibacterial-free media such as BTB agar and MH agar
symmetrically. In this study, MCD showed high sensitivity and
specificity. However, in cases where specially resistant bacteria or
rare bacteria are contained, this may not always be the case, so
further verification is required. Detection of antibiotic resistance
conferring genes in culture-positive blood specimens using PCR is
very useful; however, it has the disadvantage of being able to
detect only known resistance genes. In other words, it is necessary
to be aware that susceptibility to these antimicrobial drugs cannot
be determined since this method does not consider any antimi-
crobial resistance mechanism other than that conferred by the
gene of interest. The MCD method uses antibiotic-containing se-
lective media to analyze the susceptibility or resistance of bacte-
rial cultures regardless of the mechanism of resistance or the gene.
We consider this to be an advantage over the existing method that
detects resistance-conferring genes. Performing a combination of
rapid detection of antimicrobial resistance genes in blood culture
together with MCD could be clinically useful.

5. Conclusions

We have developed the MCD method for rapid screening and detec-
tion of antibiotic-resistant bacteria in positive blood cultures. It suc-
cessfully detected the presence of drug-resistant bacteria in about 3 h
with high sensitivity and specificity. Owing to its simplicity and non-
reliance on specialized equipment, this method can be successfully
implemented in many clinical microbiology laboratories.
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