LANFIUUDRNELRY 3

AMARWIN

Proceeding mnmﬂauaNamu'lm'mﬂs:"quLauaumm‘ﬁmzﬁu VUNAAANNUAITAR AIN 27
Tfindngds aniingndpusens Avalan i 28 nuaus - 1 Juwiny 2556.



- e v o . a &4
mﬂhﬁ;umuaumﬂuaqgnmuﬁmwﬂﬁnu‘mmmm ATIN 27

P-HS033

1 . . ad g
NMSUNSNITAEURNTD Acinetobacter baumannii  Naaragn colistin Tulgswenindssnd

CLONAL SPREAD OF COLISTIN RESISTANCE IN Acingtobacter baumannii
IN SIRIRAJ HOSPITAL

{ARE - i waaun

anasfinfinm : ERTtTVIE] %mqm‘é Ineanana

fanm : MANAATIING ALUTUINNEATARTATIIINE LA
aAvensENing

E-mail : paweena_win@hotmail.com

UNARER

1 v [ 72

BANENMTTLNALATING NIZAEI 184108 Acinetobacter baumannii NaaReen colistin lulsswening

an d” " A £ ¥ e 3 [} =l = o
A3 @8 A baumannii Aueniiangioslulrwentnadisliutasssning we.2553 09 2555 971U 200

¥
fameine Winunvinmmeseuaulivesdesiasn colistin faeR s microdiution MuvaninnTiaes CLSI 2011
1 % ]
e Bvinsdangumiaiugnasradasaeis PCRrandomly ampliied polymorphic DNA (RAPD) #aiiluiis
ol as q’/’ Gl ﬁ” dld” ] " . v Al ° [ Q o =Y <l «
seauluana wasanntiuiiu pmCABIeudatinesiaen colistin WgniiuaauuazewadLTestiandla tnd
wehiieyad A Bauieungaiusnssueeade uaznBenieunaniiuua RAPD dnliinaninenadiasiy
o =&

sl anuzfidaléiwuiensesian colistn Wawuaesay 7.5 Temunsaurivszaueunelfiiu 3 sudu Ae

v v
<4

o o o &2 ‘o o . i :
ITAUGN, NANUAT AN uﬂnmnﬁmwmwhwwummmmumnquvmwuqmm%1 6 HLU umwaﬁﬁamam
4

Iva o o 3

o . o PV ¢ o . e = o o « e
colistin dausnnagluinm 1 uashdidn@amaniiazeyluwuum 1 wileuriu udfidanduwudnFamaiill
° o a ai. -« = d' 1 o ﬂl d” o’: « o o = = rd‘
dndurasiiaadlendaestiuiuansneiu Tnedemnes 2, 6, 7, 8 waz ROTTURAAUTBsTaRATe AR

v 2 o . . & 4 & ( dedo o a a i o & G
ARBARITIL WUANSAINIANITaMINELaT 1, 3, 4 Az ROS5 Taldaimailidadutiondlatndsnriunednties
= ¢ . o Jes P P o o o o o <
ANEAMIANENWLE WS A. baumanni aneiugainuhulsawemunadsaiaudiiusiludnsosndnwudy
nauRugnTIE ey e lfiauaneniugiisiaiuilondtelnsaes pmCAB wazA1 MIC gederiasn colisin
o (e o v & o e oo o da &2 =
Auansmaiusunsanu i lude eglunguiugnesdeniu Tenaunnd Wi A uiue Al amean
o o & d" c‘ 1 o $ v o/ : o G vt a,,
anngnzlunsdaienaeiugreadenswiu mealungu RAPD type | Aoariwiu fasudulilfdnae
G| . o t A J :; -3 G
WHNENRT 2,6, 7, 8 war RO17 enauaniflungunugnssue ae lusne@ewnaias 1, 3,4 uar R0SS dufinudly

1 o 1 <l ' d‘ b=} dvdv v G Vo W o v G d.

nauugNIsN  HeeBnngauils msdnmid Wwiaduiusmsnanawiuglu pmrCAB ansnsaliidhuaTas

a dy . e dr va v
FARNNTABRBEN colistin ﬂ@ﬂt‘ﬁ'ﬂiﬂﬂﬂﬂ’lﬂ

AdAey : nsResaen colistin, B pmrCAB, RAPD

PRI 28 NNAWUE - 1 funan 2556 dudiningrde nwiinendauisais




o o o o oa » a & a4
mﬂ]iz*quLﬂuauanuawszmuuwmmﬁnmummn AT 27

i ANTETEIABAE

Abstract

amplified polymorphic DNA (RAPD) technique. After that, the pmrCAB_genes were
amplified and sequenced. We found that 7.5% of isolates were colistin resistant (15/200). These could
be categorized based on MIC into three levels of resistance: high, moderate, and low levels of
resistance. Sixteen RAPD types were detected. The majority of colistin-resistant isolates were in RAPD
type 1. However, the sequencing of pmrCAB operon showed sequence differences in the same RAPD
type. Isolate no. 2, 6, 7, 8, and RO17 have similar sequences which are significantly different from those
of isolate no. 1, 3, 4, and R055. Additionally, the member of each sequence group showed small
sequence differences among them.

The A. baumannii isolates which were found at a hospital in Thailand were molecular
epidemiology studied. Furthermore the resistance nature identified bacterium was also investigated. The
results indicated that the nosocomial strains in the hospital were highly clonal in nature. However, the
strains with different pmrCAB sequence and MIC of colistin could develop within the same clone
depending on selective pressure upon them. In the same RAPD type I, the isolate no. 2, 6, 7, 8, and
RO17 were possibly the same subclone while isolate no. 1, 3, 4, and R055 existed as another subclone.

The mutations in studied genes may be useful markers for tracking the colistin resistance development.
Keywords : Colistin resistance, pmrCAB operon, RAPD

Introduction

Acinetobacter baumannii is an opportunistic gram-negative pathogen associated with
nosocomial infections. A. baumannii is resistant to various kinds of antibiotics, such as P-lactams,
fluoroquinolones, tetracyclines and aminoglycosides (3, 4, 6, 15, 19). Multi-drug resistant (MDR) A
baumannii has emerged and quickly became a critical public health problem worldwide. This organism
has ability to survive and persist in environment, especially in hospital environment that has heavy
antibiotic uses. Only a few antibiotic choices are still effective against MDR isolates. Then, an old
antibiotic, colistin, is brought back and now being used widely, although this drug can generate
nephrotoxicity and neurotoxicity in treated patients (7, 10-12). However, colistin-resistant isolates have
been recently reported (16, 17). A

Colistin is a cationic anti-microbial polypeptide, which binds to the negative charges of lipid
A, the endotoxic part of lipopolysaccharide (LPS), and displaces divalent cations such as calcium and
magnesium that stabilize the LPS layer, leading to the instability of the bacterial outer membrane.
Consequently, the drug can insert itself into the cell membrane, causing an increase in permeability of
cell membrane, leakage of intracellular molecules and bacterial cell death (7, 9, 10). One of the most
concerned problems on antibiotic-resistant A. baumannii is its capability to resist to colistin as this drug
is arguably the last effective choice against the bacteria. The resistance mechanism to colistin of A.
baumannii was linked to PmrA-PmrB two-component regulatory system that is also responsible for

lipid A modification. The PmrA-PmrB two-component system is a signal transduction cascade
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containing PmrB sensor kinase and PmrA response regulator. This system works by the activation of
PmrB sensor kinase causing PmrB autophosphorylation and then the phosphate was transferred to PmrA
response regulator. The activated PmrA stimulates the transcription of pmrC, the phosphoethanolamine
transferase gene, resulting in modification of lipid A (2, 8) by the addition of phosphoethanolamine
residues to the lipid A molecules. This addition takes place at the negative-charged phosphates thus
eliminating their negative charges. The mutations in pmrAB have been reported to reduce the affinity of
colistin binding. Increase of pmrA expression was resulted from the mutation in pmrA gene that
constitutively activates its expression. Furthermore, the colistin-resistant strains were reverted to
colistin-susceptible strains when pmr8 in colistin-resistant strains were deleted suggesting that the
overexpression of pmrAB system is associated with colistin resistance (1, 2).

At Siriraj hospital, the colistin-resistant A. buamannii isolates have been detected at the
alarming rate. Therefore, we investigated the outbreak of colistin resistance in A. baumannii from
patients in Siriraj hospital by using molecular techniques. The typing of colistin resistant A. baumannii
isolates were determined by PCR-randomly amplified polymorphic DNA (RAPD). Then, the RAPD
results waere compared with the sequences of pmrCAEB operon to find the nature of the resistance
whether it exists as the major clone or can develop as sporadic events. The results of this study can be

used to plan the preventive measure against the spreading of colistin resistance strains in the hospital.

Objective:

To investigate the molecular epidemiology and the resistance nature of colistin resistant

Acinetobacter baumannij isolated in Siriraj hospital.

Methods

Two hundred isolates of A. baumannii collected from patients in Siriraj Hospital during 2010
to 2012 were used in this study. Antibiotic susceptibility test (AST) of all isolates was determined by
broth microdilution method according to the CLSI 2011 guideline (5). Inoculums were prepared by
suspension of isolated colonies from overnight culture in sterile saline and adjusted to 0.5 McFarland
standard (about 10° CFU/mL) and then diluted to 10’ CFU/mL. Within 15 minutes after adjusting the
turbidity of inoculums, the 5 uL of inoculums were added to 96-well plate that contained in each well
100 pL of sequential dilutions of colistin as listed in table 4.2. The 96-well plate was incubated at 35+2
°C for 20-24 hours. Minimal inhibitory concentrations (MICs) were determined by observing the lowest
concentration of antimicrobial agents that inhibited bacterial growth. Finally, the results were recorded
and interpreted according to CLSI 2011 guideline. P. aeruginosa ATCC 27853 and E. coli ATCC
25922 were used as quality control strains.

PCR-randomly amplified polymorphic DNA (RAPD) was performed to type all of A.
baumannii isolates. The reaction volume was 20 pL, which contained 1X of supplied PCR buffer with
MgCl,, 0.2 mM dNTPs, 1.0 U of 72g DNA polymerase (StrataGene®, USA), 5 ng/ pL of genomic
DNA templates and 2 pmol/uL. of R003 primer (18). The primer sequence is 5’-CCTTGACGCA-3’.

TSI 28 NUMMRUE — 1 futal 2556 Uufininendt auninendeuisdas e s e



- o o a N a & a
matlszgauavananuiseszauinAnAneukemd Az 27

. TR I

Then PCR-RAPD was performed with the following condition: initial denaturation at 94°C for 10
minutes followed by 40 cycles of denaturation at 94°C for 10 seconds, annealing at 36°C for 30 seconds
and extension at 72°C for 1 minute, with final extension at 72°C for 2 minutes. The low annealing
temperature was to aliow the random binding of primer across the genome. The PCR products were
analyzed by electrophoresis in 1% agarose gel containing 1X Tris-Borate-EDTA (TBE) buffer. 1 kb
plus DNA ladder was used as a marker. The amplification product of A. baumannii ATCC 19606 were
ran in parallel with samples as an internal control. Visualized bands were compared among the isolates,
and the RAPD profile was subsequently generated.

The last step, pmrCAB operon were amplified and sequenced in clinical resistance isolates (1,
2,3,4,6,7,8,R017, and ROS5 stains). The sequencing primers used in this study were listed in table 1.
The sequencing primers: promoter-pmrC-F, pmrC2-F, pmrC3-R, pmrC4-R, pmrA-F, pmrA-R, pmrB2-
F, pmrB3-F, and pmrB3-R, were used for isolate no. 1, 3, and 4 while the operons of isolate no. 2, 6, 7,
8, R0O17 and RO55 were sequenced by using promoter-pmrC-F, pmrC-R, pmrC2-F, pmrC2-R, pmrA-F,
© pmrA-R, pmrB-F, pmrB2-F, and pmrB2-R primers. The Sanger dideoxynucleotide phosphate
sequencing provided by First Base Laboratories was used in DNA sequencing. The sequencing results
were analyzed by using Bioedit software, and aligned with the reference sequences of pmr CAB operon

in the database by using Genious Version5.4.5.

Table 1 Primers for amplification and sequencing of pmrCAB operon

Primer Sequence
promoter-pmrC-F 5’-CCGTGTTGGTTTAATGGCTAA-3’
pmrC-R 5-ATATTGCAGCAACGTGATCG-3’
pmrC2-F 5-GGTAGCTTCATTTGCAGTGG-3’
pmrC2-R 5’-CAACACGATCACATGCACCT-3’
pmrC3-R 5’- CCGTTATTGACCCATTCCAC-3’
pmrC4-R 5’- CACATGCGCCTTTACAACC-3’
pmrA-F 5’-CCCAAGTTTGTTAAGTTTGCTG-3’
pmrA-R 5-TCGACTTCTTGAAGTGCAACC-3’
pmrB-F 5’-AGAGCGAAGCTGGGTAAAGA-3’
pmrB-R 5’-GGGTCGTTTGGGCAATAAAT-3’
pmrB2-F 5-ACGAACACCTGTGACTGCAT-3’
pmrB2-R 5’-GGTCATGCAAGTGCAGGTTT-3’
pmrB3-F 5’-GATGTGACCAGCAACACGAT-3’
pmrB3-R 5’-GCGAGGAGCACATTTCCTAA-3
pmrB4-R 5’-TCAGCTCATCGGTACAGCAC-3’
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Results

The MICs values derived from two hundred isolates of A. baumannii identified fifteen
resistant isolates as show in the figure 1. The levels of resistance to colistin can be divided into three
levels. Four isolates, 2, 6, 7, and 8, are high levels resistance (>128 pg/mL). R017, 1, 3, and 4 are
moderate resistance (32-64 pg/mL), and seven isolates, R004, R041, R055, R069, R088, R090, and
R188 are low levels resistance (4-8 pg/mL).

A. baumannii Colistin Resistance

200

150
z
2
2 100 .
g i Resistance

4o g Susceptible
Resistance Susceptible
Clinical Isolates

Figure 1 The conclusion of numbers of colistin susceptible and
resistance A. baumanniiclinical isolates.

Sixteen RAPD types were identified in this study (Figure 2). Most of the isolates were typed
as RAPD type I (n=133, 66.5%). Thirty isolates were RAPD type II (15%). RAPD type III, and IV had
7 (3.5%), and 5 (2.5%) isolates, respectively. RAPD type V, VI, and VII each consisted of 4 isolates
(2%) while 3 isolates (1.5%) were typed as RAPD type VIII. Both of RAPD type IX, and X had 2
isolates (1%). Lastly a single isolate was typed into RAPD type XI to XVI each. The resistance strains
were found in only RAPD type I, If, V and VIIIL. Most of the resistance isolates were found to be RAPD
type [ which also represented the major type.
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Figure 2 Example of RAPD banding pattern of clinical isolates in this study.
Lane M indicates 1 kb plus DNA ladder
Lane 1 indicates negative control
Lane 2 indicates RAPD type of A. baumannii ATCC 19606 act as positive control
Lane 3 to 16 indicates RAPD types of isolate no. R017, R018, R019, R020, R021,
R022, R023, R024, R025, R026, R027, R028, R030, and BO31

The sequences of pmrCAB operon of colistin resistance isolates were compared and aligned.
Isolate no. 1, 3, and 4 showed identical of sequences while no. R055 differed at only one position in
PmrB, which is threonine in isolate no. 1, 3, 4 but isoleusine (wild type) in R0OS55. Isolated no. 2, 6, 7, 8
and R0O17 had almost identical pmrCA sequenced but had moderate difference in pmrB sequence.

In isolate no. 2 and 6, the unique amino acid changes, R125H and P233S, were found in
PmrC and PmrB, respectively. Two unique amino acids change in PmrB, A142T, and T2321 were only
detected in isolate no. 7. Isolate no. 8 also had unique one amino acids change P170L in PmrB. In all,
the PmrC, PmrA, PmrB sequences clearly divided the resistance strain into two sequence types: the
isolate no. 2, 6, 7, 8, and R017; and the isolate no. 1, 3, 4, and R055 with minor differences among

isolates in the same sequence type. The mutation results were summarized in table 2.
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Table 2 The number of mutations found in resistance isolates. S and NS represent synonymous
and non-synonymous mutations, respectively

pmrC pmrA pmrB MiC
Isolate
S NS S NS S NS (ng/mi)
13,4 120 66 65 5 105 25 32
RO5S 120 66 65 S 105 24 8
2,6 13 5 4 - 7 3
7 13 4 4 - 8 4 >128
8 13 4 4 - 7 3
RO17 13 4 4 - 8 2 32
Discussion

The emergence of MDR A. baumannii has been increasing and related with higher mortality
from nosocomial infections during the past few years. Moreover, some isolates has been reported to
resist to the polymyxin drugs, especially colistin which is the last effective choice to treat these bacteria,
leading to treatment failure. In this study, we collected 200 A. baumannii isolates from various kinds of
clinical samples. The majority (92.5%) of the isolates was still susceptible to colistin with 7.5% that are
colistin resistant. This percentage may seem to be low, but when considering the number of patients
inflicted by these bacteria, this is an alarming proportion. Moreover, the colistin resistant isolates had
three levels of resistance, 26.7%, 26.7% and 46.6% were high, moderate, and low levels of resistance,
respectively, based on standard broth microdilution method. Even with the low level resistance, the
resistant strains could potentially lead to morbidity of the patients, as the adjusted dosage of colistin is
limited due to its toxicity. The levels of resistance reflect the difference of resistance mechanisms or
different positions of mutation in the involving genes. Thus, we studied the genetic background in all
isolates to determine the relation of colistin resistance isolates in Siriraj hospital by using molecular
method, RAPD typing. RAPD is a PCR-based analysis that used the short primer with low annealing
temperature to generate the PCR fingerprints. This technique categorizes the genetic of organisms by
comparing banding pattern, and can be used to investigate local epidemiology. The advantages of
RAPD are the ease to perform, less time consuming, cheap, and easy to interpretation of data. However,
the positive control is required in every run to confirm the accuracy of the banding pattern. A.
baumannii ATCC 19606 was used as positive control in this study.

The several RAPD types of isolates were detected. The major types are RAPD type I
(66.5%), and II (15%). The members of RAPD type I composed of isolates with all fevels of resistance,
whereas only the low levels of colistin resistance isolates were exhibited in the members of RAPD type
11, V, and VIII. This result suggested that A. baumannii which isolated from patients in Siriraj hospital
have various genetic backgrounds, although the prominent type was RAPD type I which represented the
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endemic clone of the hospital. However, the limitation of RAPD method lies on its low discriminatory
power. Hence, the members of RAPD type [ could consist of isolates with heterogenous genetic
backgrounds which can in turn affect the heterogeneity of phenotypes as shown by various levels of
resistance in this study. If we use another technique that has high discriminatory power such as multi-
locus sequence typing (MLST), the result may show distinct types of isolates typing.

The results of pmrCAB operon sequencing suggested that there were two main sequence
types among resistance isolates. These two types might develop as subclones of RAPD type 1 upon
different circumstances on the selection by drug usage. The pmrCAB of isolate no. 1, 3, 4 and RO55 had
identical sequence except one position in pmr8 resulting in the amino acid substitution from threonine
to isoleucine at position 13 in isolate no. 1, 3, 4. Interestingly, the MIC of colistin of isolate no. 1, 3, 4
was 32 pg/ml comparing to 8 pg/ml of isolate no. ROSS suggesting that mutation in pmrB might have a
large role in the resistance. This finding was consistent with the previous reports of finding the
mutations in pmrB of the clinical isolates. The threonine at position 13 is in the unknown functional
domain. Mutation at this position might cause the conformation change of PmrB, leading to the
enhancement of PmrB activation (2, 14). Nonetheless, this hypothesis needs to be further proved by
site-directed mutagenesis of wild-type pmrB.

Another sequence type was represented by isolate no. 2, 6, 7, 8 and RO17. Isolate no. 2 and 6
had an exactly identical sequence indicating that they were the same clone. Again, the main difference
among the isolates lies in pmrB, supporting the hypothesis that PmrB plays a major role in the
resistance. However, the effect of mutations in this case is more complicated. All of the strains
contained the common mutations A138T and A444V in PmuB, which could originally made them
diverse from the other sequence type. Additionally, the isolate no. 2, 7, 8 each had their own unique
base substitutions in PmrB. As the MICs of colistin in all three isolates were > 128 pg/ml, it still could
not be directly concluded that these unique mutations affected the resistance. The molecular structure of
A. buamannii PmrB has to be deduced in order to study the roles of these residues in folding and the
activity of the protein. Nevertheless, the possibility of additional resistance mechanisms besides lipid A
modification still cannot be ruled out in all cases.

As the mutants of pmrCAB operon were reported to lower the strains fitness (13), it is
suggested that the resistance strains might not tend to establish the clones. Instead, the sporadic
resistance emergence with diverse mutations could be preferentially observed. However, our data
suggested the clonal nature of the resistance. Additionally, our preliminary results demonstrated that the
fitness of the resistance strains were not significantly different from wild type strain in liquid culture
(data not shown). It is possible that multiple mutations found in pmrCA and even in pmrB are to
complement the resistance mutation and thus restoring the fitness of the protein. If it is the case, it posts
a serious concern on the ability of the resistance strains to spread and persist as the hospital clone.
However, more data has to be collected including patient data and the typing data from higher

discriminatory power typing method to support this speculation.
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Our results indicated a heavy use of colistin as shown by collective mutations in pmrCAB.
Each bacterial cell has ability to mutate to increase its chance to survive from natural selection posted
on it. With a strong selection by antibiotic, eventually the mutations causing the resistance will
inevitably emerge, even with the most effective drug. Proper use of antibiotics is a key to lower the

selection and slow the bacterial evolution toward the resistance.
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