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ABSTRACT

Health-care associated infections (HAIs) have become a significant life-threatening
problem over the time because of global increase in antibiotic resistant bacterial
population. Acinetobacter baumannii (A.baumannii) is capable of survive in hospital
environment for long time periods and cause severe infections with high mortality rates
especially in intensive care units because of its multi-drug resistant (MDR) phenotype.
Colistin is one of the last therapeutic options for treatment of MDR gram negative infections.
Today, emergence of colistin resistance is a global concern because of the limitation of
antimicrobial therapy. There are two mechanisms of colistin resistance in A.baumannii. Point
mutations in pmrCAB operon induce PEtn addition on LPS which inhibits the colistin binding.
Second mechanism is the prevention of colistin binding to cell wall by complete loss of LPS
as a result of mutations or insertions in IpxA, IpxC, and IpxD genes. In this study, we aimed to
reveal the association between the host demographic factors, clinical progression of the
disease, and molecular variations of A.baumannii which may promote colistin resistance.

A total of 29 colistin resistant A.baumannii isolates from 4 different hospitals located in
different parts of Turkey were collected between April 2015 and June 2016. Patient’s
demographic data, clinical progress of the disease, and outcome were recorded. To find the
genetic basis of resistance, pmrCAB complete operon, IpxA, IpxC, and IpxD genes were
sequenced. The expression levels of pmrC, pmrA, and pmrB were studied to find a connection
between mutations and altered expression levels. The patient’s data and the results of
molecular tests were analyzed by using R Studio program.

In PmrA, PmrB, PmrC, and LpxD several amino acid changes were detected. The most
common amino acid changes were T138A in PmrB, V421& F150L in PmrC, and E117K in
LpxD regions, and these mutations were found to be associated with the high colistin MIC
values (p: 0.0022, 0.00086, 0.00086, 0.00086 respectively). According to the gRT-PCR
results, 35.3-fold increase inpmrC, 12.3-fold inpmrA, and 8.2-fold in pmrB were
detected. The duration of colistin therapy was found to be significantly associated with the
overexpression of pmrB (p: 0.046). Having operation within one month before the isolation
of colistin resistant A.baumannii is found to be significantly associated with overexpression of
pmrB (p: 0.039).

In conclusion, the overexpression of pmrC, pmrA, and pmrBalong with the point
mutations in corresponding genes and IpxD gene may trigger colistin resistance. The duration
of colistin therapy and operation within last month before the isolation of colistin resistant
A.baumannii are substantial factors on emergence of colistin resistance. Therefore, physicians
should consider the therapeutic options during colistin therapy by controlling the duration of
usage and combining colistin with other antibiotics. Surveillance cultures before the surgery
should be encouraged and protective precautions should be taken to prevent the dissemination

of resistance.



OZETCE

Saglik bakimu ile iligkili enfeksiyonlar diinya genelinde antibiyotik direncinin artmasi ile
birlikte yasami tehdit eden bir problem haline gelmistir. Saglik bakimi ile iliskili
enfeksiyonlarin en Onemli etkenlerinden biri olan Acinetobacter baumanni ise hastane
ortaminda uzun siire yasayabilmekte ve ciddi enfeksiyonlara neden olarak 6zellikle yogun
bakim {initelerinde yiiksek 6liim oranlarinin ortaya ¢ikmasina sebebiyet vermektedir. Kolistin
ise ¢oklu antibiyotik direnci tasiyan gram negatif mikroorganizmalarin neden oldugu
enfeksiyonlara karsi son care olarak kullanilmaktadir. Gilintimiizde kolistin direncinin ortaya
cikmasi, antimikrobiyal tedavinin sinirlanmasi ile sonuglandigi i¢in diinya genelinde ciddi bir
endise meydana getirmektedir. A.baumannii’de kolistin direncine neden olan 2 farkli
mekanizma vardir. pmrCAB operonunda meydana gelen nokta mutasyonlari LPS’e PEtn
eklenmesini indiikleyerek kolistinin baglanmasimi engellemektedir. ikinci mekanizma ise
IpxA, IpxC ve IpxD genlerinde meydana gelen mutasyonlar LPS’i tamamen ortadan
kaldirilarak, Kolistinin hiicre duvarina baglanmasi engellenmesidir. Biz bu ¢alismada konak
faktorlerinin, klinik farkliliklarin ve molekiiler varyasyonlarin A.baumannii’de kolistin direnci

gelisimindeki etkilerini ortaya ¢ikarmay1 amagladik.

Bu amagcla 2015 Nisan ve 2016 Haziran tarihleri arasinda Tiirkiye’nin fakli bolgelerinde
bulunan 4 fakli hastaneden toplam 29 kolistin direngli A.baumannii izolati toplandi.
Hastalarin demografik bilgileri, hastaligin klinik seyri ve sonucu kayit altina alindi. Kolistin
direncinin genetik nedenlerini ortaya ¢ikarmak amaciyla; pmrCAB operonu, IpxA, IpxC ve
IpxD genleri sekanslandi. Mutasyonlar ve gen ekspresyonundaki degisiklikler arasinda
baglanti kurmak amaciyla pmrC, pmrA, and pmrB genlerinin ekspresyonlar1 tespit edildi.

Hastanin klinik bilgileri ve molekiiler testlerin sonuglari R Studio programi ile analizi yapildi.

PmrA, PmrB, PmrC ve LpxD proteinlerinde amino asit degisimleri gdzlemlendi. Izolatlar
arasinda en sik goriilen amino asit varyasyonlari; PmrB’de T138A, PmrC’de V421& F150L
ile LpxD’de E117K olarak belirlendi. qRT-PCR sonugclarina gore pmrC’de ortalama 35.3 kat,
pmrA’da 12.3 ve pmrB’de 8.2 kat artis gozlemlendi. Kolistin tedavi siiresi ile pmrB geninin
ekspresyonu arasinda istatiksel olarak anlamli bir baglant1 bulundu (p:0.046). Kolistin direngli
A.baumnnii izolasyonundan 6nceki 1 ay iginde operasyon gecirmis olmak ve yiiksek kolistin
MIC degerleri ile istatiksel olarak anlamli bulundu (p:0.039).

Sonug olarak, pmrC, pmrA ve pmrB deki ekspresyon artis1 ile birlikte pmrA, pmrB, pmrC
ve IpxD genlerinde meydana gelen mutasyonlar kolistin direnci gelisimine katki
saglamaktadir. Kolistin ile tedavi siiresi ve kolistin direngli A.baumannii izolasyonundan
onceki 1 ay i¢inde operasyon gecirmek kolistin direncinde onemli faktorler olarak bulundu.
Bu sonu¢ hekimlerin kolistin tedavisi sirasinda farkli tedavi seceneklerini, kolistin kullanim

siiresini ve kombine tedavileri goézden gecirmesi gerektigini gostermektedir. Direncin



yayilimini engellemek i¢in operasyon Oncesinde siirveyans c¢aligmalart yapilarak koruyucu

onlemler alinmalidir.

Vi
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Introduction

CHAPTER 1
INTRODUCTION

Acinetobacter baumannii (A.baumannii) is a gram negative bacteria responsible from
nosocomial infections which is one of the most considerable problem related with the
medical treatment due to the high antibiotic resistance. In recent years, importance of
A.baumannii nosocomial infections is increasing because of the colistin resistance®. In order
to focus on this growing problem, in the following sections general information about
nosocomial infections, A.baumannii that is one of the causes of these infections, and

resistance to colistin is introduced.
1.1. Nosocomial Infections

Nosocomial also referred as healthcare-associated infections (HAI) are caused by
medical treatment in a healthcare facility®. In order to classify an infection as a HAI, patient
should show clinical evidences of contagion within 48 hours of admission to the healthcare
facility, 3 days after discharge or 30 days of an operation, which is the evidence that

responsible microorganism is associated with the healthcare®.

HAIls are always a life-threatening public health concern however over time they
became more problematic due to the increase in elderly population as a result of modern
medicine, the AIDS epidemics, rise in invasive medical device usage, improper and over
utilization of antimicrobials*®. They became such a critical problem that in 2002, World

Health Organization (WHO) announced HAIs as a priority®.

Since HAIs are one of the prominent concerns in medical history, various infection
control strategies have been initiated to minimize them®. The first nationwide project for
nosocomial infection control is the CDC’s Study of the Efficacy on Nosocomial Infection
Control (SENIC) initiated in 1985, U.S. The data from the early SENIC reports pointed out
that nosocomial infections can be reduced by 32% with accurate infection control programs’.

The understanding of factors cause nosocomial infections is another vital step to eliminate
epidemics. Because of this, epidemiological studies have been done to reveal factors
affecting the occurrence and spreading of HAIs. The microbial factors responsible from HAIs
are: bacteria, fungi and virus. Among these microorganisms, the most prevalent ones are
defined as; Streptococcus spp., Acinetobacter spp., enterococci, Pseudomonas aeruginosa,
coagulase-negative staphylococci, Staphylococcus aureus, Bacillus cereus, Legionella and
Enterobacteriaceae family members like Proteus mirablis, Klebsiella ~ pneumonia,

Escherichia coli, and Serratia marcescens® .These pathogens are responsible from more than
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80% of reported nosocomial infections which are: catheter-associated urinary tract infections
(CAUTI), ) (32%), surgical site infections (SSI) (22%), ventilator-associated pneumonia
(VAP) (15%), and central line-associated bloodstream infections (CLABSI) (14%)°. Patient
factors are also influencing development of HAIs. The notable ones are age, condition of
immune system, underlying diseases (chronic diseases, cancer, immunodeficiency), and
medical interventions (mechanical ventilation, indwelling catheters)****. Third factor is the
environmental components of healthcare settings such as ventilation type and building
structurture™ ™. Final element is microbial resistance arising mainly as a consequence of

widespread usage of antimicrobials™.

Today HAIs are still an important concern despite of numerous infection control
strategies. The first crucial problem is the high morbidity and mortality rate of HAIs all over
the world. According to the data collected from 14 European countries, mortality rate of HAI
is determined as 16.8% in 1992". Another study conducted in 2009 with the participation of
75 countries, the mortality rate in intensive care units (ICU) is calculated as high as 33% *.
In U.S. every year out of 2 million of HAIs, approximately 90,000 deaths were reported™®.
Besides high mortality and morbidity, another significant issue related with the HAIs is the
treatment cost. According to the CDC’s reports, in U.S., for 1992 cost of the annual HAIs are
calculated as 4.5 billion dollars and 6.65 billion dollars in 2007 °,

HAI ratios in Turkey are similar to other developing countries with a rate of 14.7% (per
1000 ICU days) which is high compared with the developed countries*’™®. According to the
data from Turkish National Nosocomial Infections Surveillance Network (UHESA) which
started collecting data in 2006, Staphylococcus aureus is the most encountered gram positive
pathogen with 53% methicillin resistance. As data maintained from UHESA in 2010,
Extended Spectrum Beta-lactamase (ESBL) production of gram negative nosocomial
pathogens was 45.8% in K. pneumoniae and 40% in and E.coli while carbapenem resistance
was 31% in P.aeruginosa and 69% in A. baumannii'®. Another epidemiological study
conducted in 17 different hospitals located in different parts of Turkey determined that in
gram negative microorganisms the prevalent antibiotic resistant microorganism is
A.baumannii with 94% carbapenems, 94% fluoroquinolones, 97% third generation
cephalosporins 73% aminoglycosides and 6% for colistin resistance 2°. In Turkey, cost of the
antibiotic resistant P.aeruginosa treatment is estimated as 100,04 USD (daily cost per
pathogen) and 92.47 USD for A.baumannii .

1.2. Acinetobacter baumannii

This section describes A.baumannii, one of the most predominant microorganism cause
nosocomial infections. Characteristics, identification methods, and history of antibiotic

resistance are presented.
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1.2.1. Structure and ldentification of A.baumannii

A.baumannii is the member of Acinetobacter genus which is Gram negative,
nonfermentative, and nonmotile coccobacillus commonly found in soil and water 2%
Figure 1.1 displays the light microscope image of coccus shaped A.baumannii. A.baumannii
is the most studied member of genus because of the high isolation rates in health care
institutions®. This microorganism is generally known as a pathogen responsible for
nosocomial infections, however a study states that community acquired A.baumannii

infections are increasing®.

ry - 1
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L @ -
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'

Figure 2.1 Gram stain of A. baumannii 2’

A.baumannii can grow under different temperatures, pH conditions, and with diverse
energy sources which gives bacteria the ability to live on various surfaces for long time
periods. This feature of A.baumannii partly explains the frequently encountered epidemics in
health-care facilities particularly in intensive care units 22%°. The biofilm formation ability
is reported for more than 60% of the clinical isolates and this capability is the main cause of
device-associated infections along with the increased resistance to certain antibiotics®. With
the aid of all these properties, A.baumannii induces severe bacteremia, pneumonia,

meningitis, urinary tract, and wound infections *.

A.baumannii is one the common isolated microorganism in hospital setting but precise
classification has preceded many years. In fact, many years after Beijerinck’s first isolation
of a microorganism in Acinetobacter genus which he named as Micrococcus calcoateic,
Acinetobacter genus was not clearly classified®?. In 1986 Bouvet and Grimont categorized 12
different groups of Acinetobacter by using DNA hybridization technique including
A.baumannii®. Even today classical phenotypic tests used in microbiology laboratories alone
cannot differentiate groups 1, 2, 3 and 13TU so that several research groups prefer to name
these groups as A. calcoaceticus-A. baumannii complex****. However in recent years,
molecular biological techniques advance detection of blaoxa-51 like carbapenemase gene
which is intrinsic to A.baumannii®. Another straightforward method is the PCR which is

based on detection of gyrb gene in A.baumannii via specific primers®’.



Introduction

1.2.2. History of Antibiotic Resistance in A.baumannii

In 1960s and 1970s, A.baumannii has been reported as nosocomial pathogen in Europe
and U.S. In these reports almost all A.baumannii strains isolated from patients were
susceptible to most of the known antibiotics and could be treated with B-lactams effortlessly
2438 Over the years, A.baumannii has acquired antibiotic resistance through various
mechanisms, mainly through conjugation of plasmids®. Another mechanism explains the
antimicrobial resistance is transposon transmissions which generally contains integrons.
Similar to other gram-negative bacteria, different gene cassettes found in integrons give
antimicrobial resistance to A.baumannii and eventually create Multiple Drug Resistant
(MDR) phenotype™. These antimicrobial resistance genes give mainly three abilities:
inactivation of antimicrobials by enzymes, blocking antimicrobial binding by making harder

access to bacterial targets, and changing targets or cellular functions by mutations*..

Starting from 1975, studies have revealed the ascending resistance in Acinetobacter
clinical isolates***. Most of the isolated A.baumannii strains become resistant to older
antibacterials like beta-lactams and sulfonamides by mutations in penicillin-binding proteins,
production of beta-lactamase enzymes and change in the membrane permeability. After 1975,
imipinem was chosen to treat beta-lactam and sulfonamide resistant isolates**. Another

important problem in these years was the decline in manufacturing of new antibiotics®.

During 1980s and 1990s big concern raised when imipenem resistance in A.baumannii
was reported all over the world, because in these years imipenem was the first therapeutic
option to eradicate resistant strains*®?’. At the end of 1990s imipenem resistance was so
spread that the therapeutic option for A.baumannii infections were became limited*. Later on
as a result of fast clonal spread, carbapenem resistance began to disperse throughout the
world*’. Along with the clonal spread, plasmid mediated carbapenamase like OXA
(Oxacillinase), NDM (New Delhi metallo-p-lactamase) and VIM (Verona integron-encoded
metallo-p-lactamase) contributed to the dissemination of carbapenem resistant
A.baumannii*®. The carbapenem resistance distributions in 2014 are shown in Figure 1.2. In
Turkey, Ergoniil et. al., reported in 2013 that the carbapenem resistance in A.baumannii

collected from the 17 different hospitals as high as 94% 2°.
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Figure 1.2 Carbapenem resistant A.baumannii distribution in Europe. The data collected
from 38 countries in 2014 %,

Since 2000 clinicians started to use colistin due to the wide spread of carbapenem
resistant A.baumannii®®. Unfortunately following from the colistin usage, colistin resistant
A.baumannii strains began to be reported. One of the first colistin resistant A.bauamnnii was
reported in 2001, isolated from a patient who received colistin in order to cure MDR
A.baumannii infection **. In time, as a consequence of increasing colistin usage, the reports
of resistance began to accelerate®*°*>*. A study done in 2012, by observing studies done in
Asia, Europe, and America predicted the general colistin resistance rate below 7%, however
some countries show high resistance rates like 40% in Spain and 16.7% in Bulgaria®. In
2014, a study done with the participation of different healthcare centers located in Turkey

estimated colistin resistance in A.baumannii as 5% .

Besides the rapid dissemination of Extensively Drug Resistant (XDR) A.baumannii,
another problem is the reports of high heteroresistance. Heteroresistance is described by
Falagas et. al. in 2008 as a subpopulation of microorganisms that are defined as susceptible to
certain antibiotics by in vitro methods; although they are resistant in vivo. Since this situation
cannot be detected by traditional susceptibility tests like minimum inhibitory concentration
(MIC) used in diagnostic laboratories, heteroresistance causes increased treatment failure®’.
In a study, out of 16 A.baumannii clinical isolates, 15 were detected as heteroresistant to
colistin which demonstrates that colistin resistant A.baumannii frequency may be more than

it was anticipated with traditional methods™.
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Another crucial problem which contributes to the alarming colistin resistance is the
excessive utilization of colistin to treat food animals. In 2012, it was predicted that the
colistin was used to treat food animals 600 times more than to treat human®. The over
utilization of colistin in veterinary is believed to contribute to the dissemination of plasmid
born mcr-1 gene which generate colistin resistance in Enterobacteriaceae. In order to unravel
this problem, especially in Europe governments began to ban and impose restriction to

utilization of colistin in veterinary®.
1.3. Colistin and Genetic Mechanisms of Resistance in A.baumannii

It is clear that understanding the molecular mechanisms of colistin resistance in
A.baumannii is important to minimize the spread of this highly virulent and pathogenic
microorganism. Therefore in this section, general information about colistin antibiotic and

discovered molecular mechanisms of colistin resistance in A.baumanni is introduced.
1.3.1 Colistin

Colistin is a member of polymyxin antibiotics which is a peptide antibiotic isolated from
Bacillus polymyxa. There are five types of polymyxins available on market but only

polymyxin B and colistin (polymyxin E) have clinical usage .

Polymyxin B and colistin are similar in structure however only one amino acid differs
between these peptides®®. Molecular weights of the polymyxins are about 1200 Da. The
structure of colistin and polymyxin B is described in the Figure 1.3. These polycationic
peptide rings contain numerous 2,4-diaminobutyric acid (Dab) regions, and a fatty acid side
chain linked with an amide bond . The positively charged Dab regions found in polymyxins
are important for creation of attraction between the negatively charged phosphate groups of
LPS .

Fatty Acid Exocyclic Heptapeptide Ring

Chain e i ,
ab- D-Leu/p-Ph
HoN eu e-6

19 % Leu-7 /@
N y :
H o :
0O

1 Polymyxin B (PMB)

: NH,
O<__NH J\
CHs H NH ., HN" Yo )
N
o’ NH,

"% & [oteus]

N
z H R .41
R=H, CH; O ',./ T?'Hz A "OHO Dab-9 2 Polymyxin E (Collstm)l
r-
NH
Dab-1 Thr-10
ab-

Figure 1.3 Structure of polymyxin E (colistin) and polymyxin B antibiotics ®°

These polycationic polymyxins show their affectivity against gram negative bacterial cell
wall by disrupting the outer membrane which leads increase in permeability. Even many
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years after discovery of polymyxins, exact action mechanism was not known. Later on it was
revealed that polymyxins act by performing competitive divalent cation substitution with the
Mg®* or Ca?* thus creating noncovalent bonding with the adjacent polysaccharide, which
resulted with degradation of membranes and eventually cell death®®’. In Figure 1.4 the
schematic representation of the action mechanisms of polymxins are illustrated. As the figure
presents other than membrane lysis, additional mechanism named vesicle-vesicle contact also
explains the osmotic imbalance in bacteria which leads lysis. According to this mechanism,
polymyxins induce exchange between inner and outer membrane which is concluded with

destruction of specificity between these leaflets and causes osmotic imbalance®®®°,
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Figure 1.4 Mechanisms of polymyxin action on gram negative cell: (a) classical mechanism
(b) alternative mechanism named vesicle-vesicle contact’

Last mechanism described more recently demonstrates the accumulation of reactive
oxygen species (ROS) inside bacteria, induced by polymyxins. In A.baumannii, increase of

‘OH production after polymyxin B or E treatment was established*.

Since polymyxin-LPS binding has high affinity, polymyxins are defined as one of the
most effective cell-permeating agents. Another advantage of using polymxins is that LPS
wiped out from host’s body thus the endotoxic effects released by LPS are abolished. This
effect of polymyxins on LPS is clear in Scanning Electron Microscopy (SEM) images

demonstrated in Figure 1.5.
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Figure 1.5 (1) SEM images of LPS from avian E.coli. Arrows indicate ribbon like structures
that have densely packed in the outer part less than inner parts. (2) Cells after treatment with

polymyxin’?.

Despite exceptional effects of polymyxins, they do not have a wide usage due to the
nephrotoxic and neurotoxic effects. Because of these side effects, aminoglycosidase and
betalactams have been chosen to treat infections for decades ®*. Polymyxins have only been
used to treat cystic fibrosis patients persistent lung infections, ear and eye infections with

topical usage until the isolation of colistin resistant strains ">.
1.3.2 Colistin Resistance Mechanisms in A.baumannii

After the first report of colistin resistant A.baumannii clinical isolate, two main resistance
mechanisms were reported: structural modification of lipopolysaccharide(LPS) and complete

loss of LPS™",

In gram negative bacteria, the capsular polysaccharide and LPS have an essential function
that they protect bacterial membrane from lysis. As shown in Figure 1.6, this important layer
is formed from three different segments; lipid A known as the bioactive component, the core

oligosaccharide, and O antigen’®.
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Figure 1.6 Structure of gram negative cell wall ”’

Before the discovery of PEtn addition in A.baumannii, it was shown that in E.coli and

Salmonella enterica 4-amino-4-deoxy-L-arabinose (L-Ara4N) and phosphoethanolamine
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(PEtn) transferase expression is under control of PmrA/PmrB, a two-component regulatory
system (TCS) "®. This two component regulatory system is composed of a response regulator
(PmrB) and sensor kinase (PmrA) and their expression levels are regulated by environmental
variables like pH, Fe** and Mg?* ™. Although genes related with Ara4N synthesis and
attachment were not be found, Adams and his coworkers demonstrated that pmrCAB (pmrC
is phosphoethanolamine transferase) is also responsible for addition PEtn in A.baumannii
which confers colistin resistance’™. Later on several studies revealed that certain mutations in
pmrCAB operon increase the PEtn addition on LPS which resulted with the reduction of

colistin binding affinity to A.baumannii.

A study conducted with colistin resistant spontaneous mutant strains of ATCC 17978
revealed independent mutations in pmrA and pmrB, along with the increased pmrA
expression. Reversion from colistin resistant to susceptible after partial deletion of pmrB

supports that pmrAB TCS is significant for conferring colistin resistance in A.baumannii ".

Another study demonstrates amino acid changes in PmrB occur as a result of pmrB
mutation in a clinical isolate which caused nosocomial outbreak. This study also confirmed
the increased expression levels of pmrA (4- to 13-fold), pmrB (2- to 7-fold), and pmrC (1- to
3-fold) in resistant strains compared with the susceptible strains®®. Later on in several studies
both conducted with colistin resistant clinical isolates and in vitro derived mutants, various

mutations were detected in PmrC, PmrA, and PmrB which are summarized in Table 1.1

Table 1.1 Amino acid variations and changes related with colistin resistance in PmrCAB
operon

Amino acid variations Reference
PmrC | T71, FOOL, A211V, H499R Arrayo et al., 2011
M12l1, S119T, E8D Arroyo et al., 2011
PmrA | ES8D Lesho et al., 2013, Rolain et
al., 2013
P102H , T13N, A227V, P233S, P233T, A262P Adams et al., 2009
1121F, A183T, A184V, P190S, T1921, Q228P Park et al., 2011
S14L, L87F, M145K, A227V, P233S, N353Y, F387Y, Beceiro et al., 2011
S403F
1121F, A183T, A184V, P190S, T1921, Q228P Park et. al., 20122

PmrB | AA32-E35, D64V, A80V, AL160, P170Q, P170L, L208F, | Arroyo et al., 2011
A226V, R231L, P233S, T235l, N2561, R263P, R263C,
Q277H, G315D, P377L

S17R, Y116H, T232l, R263L Lesho et al., 2013
P170L, P233S Pournaras et al., 2014
A227V, P233S, FrF26 Kim et al., 2014b
P233S, R263H Limet. al., 2015

Some studies demonstrated increase in expression level of pmrC in colistin resistant
strains while others show no significant difference between colistin resistant and susceptible
strains®*®2. This situation is described by Lesho et al in 2013 with the detection of additional

pmrC-like gene (eptA) that situated close to mobile elements®.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B70
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B114
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B107
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B12
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B70
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4244539/#B109
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The modifications on lipid A in colistin resistant A.baumannii were demonstrated with
Matrix Assisted Laser Desorption lonization Time of Flight (MALDI-TOF) distinctly. In
order to show difference in LPS, Arrayo et. al. investigated the extracted lipid A in MALDI-
TOF under negative-ion mode. The peaks of colistin susceptible standard strain ATCC 17978
and colistin resistant mutant 17978 R2 derived from wild type can be assessed in Figure 1.7.
Another study done by using mass spectrometry indicated modified LPS with pEtN and
galactosamine (GalN) in both colistin resistant laboratory-derived A.baumannii and clinical

isolate®,
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Figure 1.7 MALDI-TOF analysis of LPS isolated from A.baumannii (A) The m/z values of
the wild type 17978 peaks were corresponding to bis-phosphorylated hepta-(1,910.9) and
hexa-acylated (1,728.8) lipid A. (B) The m/z values of colistin resistant derivative were
2,033.7 and 2,156.8 which represents the bis-phosphorylated hepta-acylated lipid A contains

one and two phophoethanolamine groups &

Second colistin resistance mechanism is the complete loss of LPS as a result of mutations
or insertions in IpxA, IpxC and IpxD genes. These genes are in charge from lipid A
biosynthesis pathway® " . In 2010, Moffatt et. al. identified mutations in IpxA, IpxC and
IpxD genes in independently derived colistin resistant variations of standart strain (ATCC
19606) as well as in a colistin resistant clinical isolate. The loss of LPS is also asserted by

transmission electron microscopy (TEM) images designated in Figure 1.8 ™.
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Figure 1.8 TEM images of A.baumannii (A)Arrows indicate the normal membrane of parent
strain ATCC 19606. (B) Arrows show attenuated membrane of IpxA mutant of ATCC 19606

Other than the point mutations in IpxA, IpxC and IpxD genes, Moffatt et. al. first
introduced the inactivation of IpxD gene of a clinical isolate from patient in South Korea by
873-bp insertion sequence (IS) element ". Later on by examining in vitro derived mutants of
ATCC 19606, they identified insertion of ISAball in IpxA and IpxC genes which create the
inhibition of LPS production and high colistin MICs®,

It was shown that LPS deficient strains of colistin resistant A.baumannii overcome the
lack of LPS by increasing expression of certain genes responsible from cell envelope and
membrane biogenesis. For example Henry et. al. proved the raise in the expression of genes
related with the synthesis and transport of the poly-p-1,6-N-acetlyglucosamine (PNAG), a
surface polysaccharide in IpxA deficient colistin resistant mutants of A.baumannii when

compared with the wild type strain .

In recent years several additional mechanisms related with the colistin resistance in
A.baumannii were revealed. In 2015 Chin et. al. identified that NaxD deacetlyase, member of
YdjC superfamily which is regulated by PmrB has a critical role in lipid modification. They
established higher expression level (approximately 250 times higher) of naxD in in vitro
derived colistin resistant mutant which has mutation in pmrb, compared with the wild type
susceptible strain. Also with the aid of MALDI-TOF experiments, they showed GalN
modification was affected in the naxD deleted mutant while no change occurs in pEtN
addition to Lipid A . In another study Lim et. al. identified insertion of 2 1S15 in the mutS
gene which encodes DNA mismatch repair protein, of a colistin resistant clinical isolate that
can explain the high SNPs in colistin resistant A.baumannii &’.

Another colistin resistance mechanism lately described by Liu et. al., 2016 is the mcr-1
gene which belongs to phosphoethanolamine transferase enzyme family. This mechanism
particularly attracted notice because it is the first described plasmid-mediated polymyxin
resistance mechanism, and pHNSHP45 plasmid that contains mcr-1 is highly transferable .
Even though there is no mcr-1 in A.baumannii reported, different studies all over the world

have been presenting mcr-1 in  E.coli, K.pneumoniae, and Salmonella Typhimurium 389
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Another novel plasmid mediated mechanism of polymyxin resistance is identified in Belgium
which is named mcr-2. On June, 2016 Xavier and his coworkers analyzed 10 colistin
resistant E.coli isolated from porcine and bovine and found a novel phosphoethanolamine

transferase (mcr-2) which shows 76.75% resemblance to mer-1 *.

Along with the mechanisms of colistin resistance in A.baumannii, the effects of genetic
changes in colistin resistant A.baumannii isolates is another important issue due to the
understanding the clinical impacts. Beceiro et.al., 2013 demonstrated difference of fitness
and virulence in colistin resistant isolates by comparing the ATCC 19606 with the laboratory
derived lpx and pmrB mutants. They proved that all IpxA, IpxC, IpxD, and pmrB mutants
showed in vitro fitness cost compared with the parent strain ®. In 2013, Lopez-Rojas et. al.,
reported similar results in a study which compares the colistin susceptible A.baumannii
clinical isolate with its consecutive colistin resistant strain. They showed that the growth rate
of resistant strain is significantly lesser than the resistant strain. Similar to fitness, they also
proved with the murine sepsis model that the virulence is also attenuated in resistant strain *.
Interestingly, in mouse systemic-infection model experiment, among the laboratory derived
mutants only pmrb mutant showed similar results to parent strain which proves that the loss
of LPS has critical impact on virulence while addition of phosphoethanolamine to lipid A has
no influence on virulence 2. On the other hand a study done in 2015 did not identified altered
fitness, growth rate, and virulence in a colistin resistant A.baumannii strain which has P233S
mutation in PmrB. These findings demonstrate that along with the mutated gene type, the

position of mutation may have an impact on fitness and virulence of the pathogen °*.
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CHAPTER 2
METHODS
2.1. Bacterial strains

In this study 29 colistin resistant Acinetobacter baumannii isolates were included.
Colistin resistant and susceptible strains were obtained from 4 different hospitals located in
Turkey; Menemen Hospital (Izmir), Baskent University Hospital (Ankara), Kosuyolu State
Hospital (Istanbul), and American Hospital (Istanbul) between April 2015 and June 2016.
ATCC 17978 standard strain was used as calibrator for qRT PCR. Two colistin susceptible
A.baumannii clinical isolates (K14, K178) were used for comparing gene sequences in
sequence analysis. This study is approved by Kog¢ University Ethical committee and the
protocol number is 2015.048.1IRB1.008.

2.2. Antibiotic Susceptibility Testing

The minimum inhibitory concentration (MICs) of colistin was determined by E-test
(BioMérieux, France) method. Isolates were grown on Tryptic Soy Agar (TSA) (Becton,
Dickinson and Company, U.S.) overnight. 10 mL of Mueller Hinton broth (MH) (Becton,
Dickinson and Company, U.S.) with a McFarland 0,5 was prepared from each isolate. After
bacteria were transferred on MH agar by a sterile swap, E-tests were placed on the agar plates
and overnight incubation at 37°C was done. The resistance breakpoint was set as >2 mg/L

according to the Clinical and Laboratory Standards Institute (CLSI) guideline® .
2.3. Molecular Analysis

Total DNA and RNA isolation from clinical isolates was done in order to use for further
molecular analysis. After overnight growth on at 37°C, DNA was extracted with the
commercial DNA extraction kit according to the manufacturer’s instructions (MoBio
UltraCleanMicrobial DNA Isolation Kit, U.S.). Total RNA was extracted with the
commercial RNA extraction kit (Macherey-Nagel, NucleoSpin RNA, Germany). Before
RNA extraction, bacteria were grown overnight on LB agar (Becton, Dickinson and
Company, U.S.) at 37°C then 5-10 colonies were inoculated into 5 mL LB broth and
incubated in shaking incubator at 37°C, 125 rpm for 8-12 hours to obtain bacteria on
logarithmic growth phase. After incubation, density was adjusted to McFarland 1 (~300x10°)
and cells were centrifuged at 4,500 rcf for 10 minutes to obtain cell pellet. Pellets were
treated with lysozyme (1 mg/ml) (Sigma-Aldrich, Lysozyme from chicken egg white) which
is diluted in TE buffer for lysing bacterial cells. RNA extraction protocol was followed
according to the manufacturer’s instructions. Concentrations of extracted RNA and DNA
were determined by Thermo Scientific Nanodrop 2000 Spectrophotometer instrument.

Extracted DNA was stored at -20°C, and RNA was kept at -80°C for molecular experiments.
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Extracted DNA were further used in genotyping of A.baumannii clinical isolates by rep-
PCR based diversilab system, PCR and sequencing of IpxA, IpxC, IpxD genes and pmrCAB
operon, carbapenamase typing PCR, and detection of mcr-1 by PCR. Extracted RNA were
used in quantitative real time PCR to detect pmrA, pmrB and pmrC expression levels after
cDNA synthesis.

2.3.1 Genotyping

Clonal relatedness of the clinical isolates was determined by the repetitive PCR (rep-
PCR) based diversilab system (Biomerux, France). For the repetitive PCR, DNA
concentrations were adjusted to 25-50 ng/ul and rep-PCR mix was prepared as indicated in
the Table 2.1. In the rep-PCR, primers specific for noncoding regions of bacterial
chromosome was amplified with the Diversilab Acinetobacter Kit (Biomerux, France). In the
PCR, AmpliTaq polymerase enzyme with GeneAmp 10x PCR buffer were used (Applied
Biosystems, U.S.).

Table 2.1 Reagents used for rep-PCR

Reagent Volume/Reaction (pl)
Rep-PCR MM1 18

GeneAmp 10X PCR Buffer 2,5

Primer Mix A 2

AmpliTaq DNA Polymerase 0.5

DNA (25-50 ng/pl) 2

Total Volume 25

PCR was carried out in Applied Biosystems Veriti 96 Well Thermal Cycler (Applied
Biosystems, U.S.) with the following protocol: initial denaturation at 94°C for 2 min, 30 s of
denaturation at 94°C (x35), 30 s of annealing 55°C (x35), and 90 s of extension at 70°C
(x35), followed by 3 min of final extension at 70°C and ending at 4°C. After amplification,
amplicons were loaded into DNA LabChip (Biomerux, France). After gel was loaded into the
chip, 5 ul DNA marker, 1 pl ladder, and 2 pl of amplified products were loaded into assigned
wells and separation was achieved with Agilent 2100 Bioanalyzer (Biomerux, France). The

results were recorded and analyzed in DiversiLab Microbial Typing software system.

2.3.2. IpxA, IpxC, IpxD and pmrCAB PCR

For the amplification of 1179 bp IpxA, 1164 bp IpxC, 1502 bp IpxD and 3,699 bp
pmrCAB, primers indicated in the Table 2.2 were used. Reactions were carried out with the
commercial DreamTaq Green PCR master mix(Thermo Fisher Scientific, USA) which
contains; 0.4 mM each of dATP, dCTP, dGTP and dTTP, and 4 mM MgCl,. For the IpxA,
IpxC, and IpxD PCR, following reaction conditions were used; initial denaturation at 95°C, 2
min., 35 cycles of denaturation at 95°C, 35 sec., annealing at 52, 55, 56°C, 35 sec., extension
at 72°C, 45 sec. and lastly final extension at 72°C, 5 min. For the amplification of complete

pmrCAB operon indicated conditions were followed; initial denaturation at 95°C, 2 min., 30
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cycles of denaturation at 95°C, 30 sec., annealing at 58°C, 30 sec., extension at 72°C, 2 min.

and lastly final extension at 72°C, 5 min. Amplicons were run on 2% agarose gel.

Table 2.2 PCR, gRT, and sequence primers used in this study

Oligonucleotide Used for Sequence Source
IpxA-F PCR/Sequence | TGAAGCATTAGCTCAAGTTT Moffatt et. al. 2010
IpxA-R PCR/Sequence | GTCAGCAAATCAATACAAGA
IpxC-F PCR/Sequence | TGAAGATGACGTTCCTGCAA Moffatt et. al. 2010
IpxC-R PCR/Sequence | TGGTGAAAATCAGGCAATGA
IpxD-F PCR/Sequence | CAAAGTATGAATACAACTTTTGAG Moffatt et. al. 2010
IpxD-R PCR/Sequence GTCAATGGCACATCTGCTAAT
Full pmrCAB-F | PCR GCATCATAAAAAGATTGTAGTCAC Beceiro et. al. 2011
Full pmrCAB-R | PCR GCGATTTGTATTCATCGTTTTGAG
pmrC-F Sequence ATGTTTAATCTCATTATAGCCA Beceiro et. al. 2011
pmrC-R Sequence TTAGTTTACATGGGCACAA
pmrC-F2 Sequence GGTTGTTATTGAAGAAAGTAT Beceiro et. al. 2011
pmrC-R2 Sequence TCAATCCAAGTCACTTGGTAAC
pmrB-F Sequence GTGCATTATTCATTAAAAAAAC Beceiro et. al. 2011
pmrB-R Sequence TCACGCTCTTGTTTCATGTA
pmrB-F2 Sequence GGTTCGTGAAGCTTTCG Beceiro et. al. 2011
pmrB-R2 Sequence CCTAAATCGATTTCTTTTTG
pmrA-F Sequence ATGACAAAAATCTTGATGATTGAAG | Beceiroet. al. 2011
AT
pmrA-R Sequence TTATGATTGCCCCAAACGGTAG
RT-pmrA-F | gRT GGTGTTGCTGCTCTTTGACG Adams et. al. 2009
RT-pmrA-R  gRT GGTGGAATGGGTCAATAACG
RT-pmrB-F | qRT GAACAGCTGAGCACCCTTTAA Beceiro et. al. 2011
RT-pmrB-R  gRT ACAGGTGGAACCAGCAAATG
RT-pmrC-F | qRT CTCTTTACGCTTTGTTTTATGGAC Beceiro et. al. 2011
RT-pmrC-R | qRT GTAAAAAGTAAAACACCGACCA
16S rRNA-F | gqRT TCAGCTCGTGTCGTGAGATG Beceiro et. al. 2011
16S rRNA-R | qRT CGTAAGGGCCATGATG
CLR5-F PCR CGGTCAGTCCGTTTGTTC Liu et. al. 2015
CLR5-R PCR CTTGGTCGGTCTGTA GGG
OXA-23-F PCR GATCGGATTGGAGAACCAGA Qi et. al. 2008
OXA-23-R PCR ATTCTGACCGCATTTCCAT
OXA-24-F PCR GGTTAGTTGGCCCCCTTAAA Qi et. al. 2008
OXA-24-R PCR AGTTGAGCGAAAAGGGGATT
OXA-58-F PCR AAGTATTGGGGCTTGTGCTG Qi et. al. 2008

OXA-58-R | PCR CCCCTCTGCGCTCTACATAC
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2.3.3 Sanger Sequencing

Amplified products of IpxA, IpxC, IpxD, and pmrCAB were purified with the NucleoSpin
Gel and PCR Clean-up kit (Macherey-Nagel, Germany). Purified products were amplified
with the 5 pmol of primers indicated in the Table 2.2 with the BigDye Terminator v3.1 Cycle
(Applied Biosystems, U.S.) which amplifies products based on dideoxy-chain termination
method. The indicated protocol was used to amplify products: 1 min. at 96°C followed by 25
cycles of 10 sec. at 96°C, 5 sec. at 50°C, and finally 4 min. at 60°C. The resulting products
were purified with the ZR-96 DNA Sequencing Clean-up Kit (Zymo Research, U.S.) and
sequences were detected with Applied Biosystems ABI 3500 Genetic Analyzer.

After sequence reads were obtained, ABI files were analyzed in Applied Maths
Bionumerics version 7.5 Software (Biomerieux, France). Mutation analysis in PmrA, PmrB,
PmrC, LpxA, LpxC, and LpxD proteins were done by aligning sequence reads and using
ATCC 19606, ATCC 17978, and colistin susceptible clinical isolates K14&K178 as

consensus sequence.
2.3.4. Carbapenamase Typing PCR

Carbapenamase typing was determined by the multiplex PCR that contains OXA-23,
OXA-24 and OXA-58 primers (Table 2.2). These primers amplify 501 bp blaoxa-23, 246 bp
blapxa-24, and 599 bp blapxa-ss. DreamTaqg Green PCR master mix was utilized for PCR with
the following conditions; initial denaturation at 94°C, 5 min., 30 cycles of denaturation at
94°C, 25 sec., annealing at 56°C, 40 sec., extension at 72°C, 50 sec. and final extension at
72°C, 6 min. Amplicons were separated on 2% agarose gel.

2.3.5. mcr-1 PCR

In order to investigate the presence mcr-1 gene, primers pointed out as CLR5 in Table 2.2
were used. PCR was carried out with DreamTag Green PCR master mix and following
conditions were used for amplification: initial denaturation at 94°C, 2 min., 35 cycles of
denaturation at 94°C, 20 sec., annealing at 58°C, 30 sec., extension at 72°C, 30 sec. and final

extension at 72°C, 5 min. PCR products were separated on 2% agarose gel.
2.3.6 pmrCAB Quantitative Real Time PCR

The reverse transcription of isolated total RNA was done with the Transcriptor First
Strand cDNA Synthesis Kit (Roche, Germany) by using 500ng RNA. During the cDNA
synthesis rDNAse was used to digest genomic DNA. Primers indicated in Table 2.2 were
used for qRT PCR.

In the experimental procedure; 20ul reaction mixture for each sample in duplicate was
prepared with 10 pl of LightCycler 480 SYBR Green I master mix (Roche, Germany), 3 pl of

nuclease free water, 1 pl of 10 pmol from forward and reverse primers, and 5 pl of 1:10
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diluted cDNA. The gRT PCR amplification was performed in LightCycler 480 Il (Roche,

Germany) with conditions indicated in Table 2.3.

Table 2.3 gRT PCR protocol for amplification of 16S rRNA, pmrC, pmrB and pmrA

Target (°C) Acqusition | Hold Ramp Rate | Acqusition
Mode (mm:ss) (°C/s") (per °C)

Pre-incubation

95 None 00:05:00 4.4 -
Amplification(x30)

95 None 00:00:10 4.4 -

55 None 00:00:20 15 -

72 Single 00:00.30 4.4 -
Melting Curve

95 None 00:00:05 4.4 -

65 None 00:01:00 2.2 -

97 Continuous - - 5-10
Cooling

40 None 00:00:10 15 -

Relative gene expressions were calculated with the delta delta Ct method. 16S rRNA
housekeeping gene was selected for normalization and A.baumannii standard strain ATCC

17978 was for calibration.
2.4 Statistical Analysis

Statistical analysis was performed using the R (R Core Team, 2016). In the heat map
normalized -AA signal values of probes and hierarchical clustering with complete linkage to
obtain dendrograms of rows and column were used. Wilcoxon rank-sum test (also known as
the Wilcoxon-Mann-Whitney test or the Mann-Whitney U test) was used to make statistical
comparisons between two samples. All the results of statistical analysis are available at:

https://midaslab.shinyapps.io/colistin_resistant_acinetobacter_analysis/
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CHAPTER 3
RESULTS
3.1 Demographic Characteristics of Study Population

A total of 29 patients infected with colistin resistant A.baumannii were included in the
study. All of the patients were hospitalized in the ICU. Fifty eight percent of the patients
were female and mean age was 67.1 year (32-88 years). A.baumannii isolates were obtained
from different sources: 8 (27.5%) respiratory tract, 6 (20.6%) deep tracheal aspiration, 3
(10.3%) bronchial lavage, 3 (10.3%) rectal swap, 3 (10.3%) blood, 2 (6.8%) urine, 1 (3.4%)
drain fluid, 1 (3.4%) abdominal, and 1 (3.4%) wound. The mean duration of the colistin

therapy was calculated as 8.03 days (0-25 days).
3.2 Carbapenemase type and mcr-1 detection

Multiplex PCR which amplifies 501 bp OXA-23, 246 bp OXA-24, and 599 bp OXA-58
revealed that all the colistin resistant clinical isolates carry blapxa-23. Figure 3.1 shows the
PCR result of samples between Case 25 and Case 32 and as the rest of the isolates, all of
them are OXA-23 positive. For positive control, an OXA-23 positive carbapenem resistant

A.baumannii clinical isolate from a previous study was selected.

500bp

PC NC

Figure 3.1 Agarose gel image of carbapanamase typing multiplex PCR which detects blagxa-

23, blaoxa-24, and blagxa-ss of the samples between Case 25 and Case 32

According to the PCR result which uses CLR5 primers to detect mcr-1, a plasmid
mediated gene that encodes phosphoethanolamine transferase, none of the samples were

carrying mcr-1.
3.3 MIC Values

The median colistin MIC50 value of the 29 colistin resistant isolates was 12 pg/ml

(range: 2-256 pg/ml).
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3.4 Clonal Relatedness of Isolates

The dendogram of the strains isolated from patients who admitted to the different
healthcare centers was shown in the Figure 3.2. Regarding to the similarity index, isolates
which have more than 95% similarity are accepted as the member of the same clone.
Accordingly, Cases 28, 29, 31, and 32 isolated from hospital A form a small clone while
isolates Case 22, 15, 13, 11, 10, 8, 17, 9, 23, 21 obtained from hospital B and Case 33 is
isolated from hospital A were clustered in another clone.
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Figure 3.2 Dendogram of 29 colistin resistant clinical isolates. Similarity index scale is on
the bottom of the dendogram. Name of the samples illustrated as Case and rep-PCR gel

images of these samples were shown next to the dendogram. & A, =3 < represent
hospitals designated as A, B, C, and D respectively.
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3.5 PmrCAB and LpxA, LpxC, LpxD Sequence Analysis

In order to sequence IpxA, IpxC, IpxD genes and complete pmrCAB operon, regions were
sequenced after the amplification by sequence PCR which uses dideoxy-chain termination
method. In order to detect mutations in PmrA, PmrB, PmrC, LpxA, LpxC, and LpxD
sequence reads were both aligned to ATCC 19606, ATCC 17978 and colistin susceptible
clinical isolates; K14 and K178.

No insertions or deletion were detected however, various amino acid variations were
found in PmrA, PmrB, PmrC, LpxA, LpxC, and LpxD. In Table 3.2 amino acid changes are
presented. The most common amino acid changes were detected T138A in PmrB, V42I&
F150L in PmrC, and E117K in LpxD regions.

Table 3.2 Amino acid variations and their positions in the PmrC, PmrA, PmrB, LpxA, LpxC,
and LpxD. In the third and last row, mutation after aligning sequences by taking K14&K178
or ATCC 19606 and ATCC 17978 as consensus were presented.

Protein Mutation Consensus Consensus
K14&K178 (%) | ATCC 19606/17978 (%)
Va2 19(65.5) 19(65.5)
h R109H 9(31) 9(31)
I115N 5(17.2) 5(17.2)
F150L 19(65.5) 19(65.5)
N284D 0 29(100)
PmrA M12l 2(6.8) 2(6.8)
H89L 5(17) 5(17)
T138A 17(58.6) 17(58.6)
1163F 1(3.4) 1(3.4)
1164L 1(3.4) 1(3.4)
PmrB A224V 134 134
E229D 1(3.4) 1(3.4)
P233S 1(3.4) 1(3.4)
R263H 8(27.6) 8(27.6)
G390H 0 29(100)
A408E 1(3.4) 1(3.4)
LpxA Y131H 0 29(100)
LpxC C120R 0 29(100)
N287D 0 29(100)
Q4K 5(17.2) 5(17.2)
LpxD V63 5(17.2) 5(17.2)
E117K 19 (65.5) 19 (65.5)
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3.6 pmrC, pmrA, pmrB Expression Analyses

Relative expression levels of pmrC, pmrA and pmrB were indicated in Figure 3.3, 3.4,
and 3.4 respectively. As it is indicated in the figures, expression levels of the targeted genes
were increased in most of the isolates. The mean relative fold increase is calculated as 35.3-
fold in pmrC, 12.3-fold in pmrA, and 8.2-fold in pmrB.
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Figure 3.3 Relative expression levels of pmrC gene in 29 different clinical isolates. ATCC

17978 was used as calibrator
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Figure 3.4 Relative expression levels of pmrA gene in 29 different clinical isolates. ATCC

17978 was used as calibrator
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Figure 3.5 Relative expression levels of pmrB gene in 29 different clinical isolates. ATCC

17978 was used as calibrator

3.7 The Expression Levels of pmrCAB Operon in Correlation with Host Factors, Point
Mutations and MIC Values

The association between molecular alterations of A.baumannii isolates and demographic
data of the patients were demonstrated in the Figure 3.6. A heatmap that combines the
expression levels of pmrC, pmrA, and pmrB genes with mutations in PmrA, PmrB, PmrC,
LpxA, LpxC, and LpxD proteins and changes in, colistin MIC values, fatality, age, duration

of colistin use and having operation in last month data was generated.
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Figure 3.6 Heat map combined with patient’s clinical data and biological data of isolates.
Amino acid changes in Pmr and Lpx proteins, fatality status, having operation within last 1
month, duration of colistin usage, patient’s age, colistin MIC values, and expression levels of
pmrA, pmrB, pmrC, of the isolates are presented. Cases that have mutations and patients who
had operation in last month are represented as black. Colistin administration is in green, log2
colistin MIC values are in brown, and age distribution is designated in purple scale as shown

in the right of the heat map
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According to the dendogram in the Figure 3.6, gene expression patterns of pmrA and

pmrB were in correlation with each other while pmrC expression was more independent.

The duration of colistin therapy was found to be associated with pmrB overexpression
(p=0.046).(Supplement:https://midaslab.shinyapps.io/colistin_resistant_acinetobacter_analysi
s/)

As indicated in the Figure 3.7, A.baumannii strains isolated from the patients operated
within 1 month before colistin resistant A.baumannii isolation were significantly associated
with expression levels of pmrB and pmrC (p: 0.039 and 0.044 respectively) The pmrA

expression was found to be high but non-significant in operated patients (p: 0.055).
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Figure 3.7 The — AA Ct values of pmrA, pmrB, and pmrC genes correlated with the patient’s
operation status. The blue bar shows the operated patients, orange bar shows the patients with

no operation *, statistically significant

As presented in the Figure 3.8, the MIC values of A.baumannii strains isolated from the
patients operated within 1 month before colistin resistant A.baumannii isolation were
significantly higher than the isolates from not operated patient with median values 16 pg/ml

vs 4 ug/ml, respectively (p:0.0003).
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blue bar shows the operated patients, orange bar shows the patients with no operation.
*, statistically significant
Figure 3.9 shows the dendogram of expression patterns of the pmrC, pmrA, and pmrB

genes combined with the clonal relatedness of the isolates examined by rep-PCR. The
isolates which were found to be similar by rep-PCR were distributed along the expression

dendogram.
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Figure 3.9 Similarity dendogram of pmrC, pmrA, and pmrB expression level patterns. Clone

1 (blue) and clone 2 (red) were major clones identified in the rep-PCR dendogram designated

in Figure 3.2
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3.8 Correlation between Amino acid Changes and Colistin MIC Values

In the Figure 3.10, amino acid variations with the selection of colistin susceptible clinical
isolates K14 and K178 as consensus sequences were demonstrated. According to the Figure

3.9 all isolates have at least 2 amino acid changes in either one of the Lpx or Pmr proteins.

The combination of PmrC V421, PmrC F150L, and LpxD E117K mutations was detected
in the Cases 1, 2, 3, 4, 8, 9, 10, 11, 12, 13, 15, 17, 20, 21, 22, 23, 24, 27, and 33. Among
these isolates, 16 of them were accompanied with PmrB T138A mutation, and 8 of them
were accompanied with PmrB R263H mutation. As shown in the Fgireu 3.10, all the cases
operated within last month were cumulated in these mutation clone. Cases 5, 7, 25, 30, and
34 maintain amino acid changes of PmrB H89L and LpxD V63l together. Also PmrC 1115N
and LpxD Q4K mutations were combined in Cases 6, 28, 29, 31 and 32 in which only Case
32 possesses additional PmrB A408E variation.
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In Figure 3.11, MIC values according to the amino acid variations in PmrC, PmrB, and

LpxD are presented.

As shown in Figure 3.11-A PmrC V421 and R109H mutations were found to be
significantly associated with the colistin MIC values (p= 0.00086 and 0.017, respectively).
The median MICs of isolates with and without mutation in PmrC V421 were 12 ug/ml and 3
pg/ml, and for PmrC R109H median MICs were 12 pg/ml and 6 pg/ml, respectively. Also
PmrC F150L mutation was found to be associated with higher colistin MIC levels (median
MICs are 12 pg/ml vs 3 ug/ml) (p=0.00086).

As illustrated in Figure 3.11-B, the MIC values of PmrB T138A mutation positive isolates
were significantly higher than the isolates without mutation with median values of 12 pg/ml
vs 3 pg/ml, respectively (p=0.0022). Similarly, PmrB R263H mutation was found to be
effective on high colistin MIC’s with a median of 12 pg/ml in positives, and 6 pg/ml in
negative isolates (p=0.0022). Also it was found that LpxD E117K mutation is significantly
associated with the increase in colistin MIC values (median colistin MIC is 12 ug/ml in

positive and 3 pg/ml in negative isolates) (p:0.00086).
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Discussion

CHAPTER 4
DISCUSSION

Antibiotic resistance is one of the urgent world-wide problem which makes multidrug
resistant bacterial infections highly challenging to overcome. Colistin is one of the few
options which have been used to treat carbapenem-resistant gram negative bacteria®®.
Unfortunately, reports began to increase describing colistin resistant bacteria and global
concern increased due to the recently identified plasmid mediated colistin resistance genes;
mcr-1 and mer-2 “%. After the first isolation of colistin resistant A.baumannii from Czech
Republic in 1999, several surveillance studies reported the colistin resistance rates between
0.9%-3.3%. Later on the finding of high heteroresistance rates in A.baumannii revealed that

the actual resistance rates are more than anticipated®”.

Up to today several studies were conducted to reveal the genetic mechanisms and relation
between mutations and gene expressions. However these studies were performed on
laboratory derived colistin resistant mutants or on limited number of clinical isolates without
sufficient clinical data”®"®"". The strongest part of this study is that it includes the largest

colistin resistant A.baumannii collection accompanied with the clinical data.

The dendogram designated in Figure 3.9 shows that although certain clinical isolates are
in same clonal groups, the expression patterns of pmrC, pmrA, and pmrB genes in these
isolates can be different. Along the same line, isolates which are not similar to each other
may have very similar gene expression patterns. These findings verify the considerable
importance of difference in environmental and host factors on gene expression patterns
which is the main distinction between laboratory derived colistin resistant isolates and

clinical isolates.

gRT-PCR experiments revealed 35.3-fold mean increase in pmrC gene. Several studies
reported also increased expression levels of pmrC; Beceiro et. al, 2011 reported 2.6, 2.1 and
2.8 fold increase and Arroyo et. al., 2011 reported increase between 26 and 292 fold. This
wide range of overexpression can be explained by the presence of homologous genes
resembles pmrC in A.baumannii. Lesho et. al., in 2013 identified two homologous genes
named eptA-1 and eptA-2 in an A.baumannii outbreak strain which resembles pmrC with
>95% homology. Along with the pmrC, in this study we also observed 12.3-fold increase in

pmrA, and 8.2-fold increase in pmrB genes as several studies observe the same findings .

In S.enterica, Yersinia pestis and K.pneumoniae PmrAB two component system is shown
to be regulated by PhoPQ system®’. However in A.baumannii regulation of PmrAB two
component system is still unclear. Therefore, in this study the dissimilar gene expression

patterns of A.baumannii isolates in the same clone might be the consequence of different
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regulation mechanisms on PmrAB. In order to understand the variations in gene expressions
we examined the impact of clinical factors of the patients. Studies so far demonstrated that
the colistin usage is the major factor for emergence of chromosomal colistin resistance %. In
our group except one, all the patients were treated with colistin so we could not examine the
effect of colistin exposure on resistance, however we found that pmrB expression is
significantly associated with the duration of colistin therapy (p:0.046). This situation can
explain the accumulation of numerous mutations in PmrB after long term exposure to colistin
and these various activating mutations on PmrB might be the reason of increased expression

level of pmrB.

We also found that operation within last month before the isolation of colistin resistant
A.baumannii is significantly associated with the overexpression of pmrC, pmrB and increased
colistin MICs. These results suggest that previously colonized isolates may become colistin

resistant and cause invasive infections after surgery.

In this study we detected various mutations in PmrC, PmrA, PmrB and LpxD proteins in
colistin resistant A.baumannii isolates from the patients in different hospitals. Sequence reads
were aligned and compared with both sequenced colistin susceptible clinical isolates K14 and
K178, standard calibrator strain ATCC 17978 and sequence obtained from NCBI of ATCC
19606. We identified PmrB G390H, PmrC N284D, LpxA Y131H, LpxC C120R and LpxC
N287D amino acid variations when ATCC 17978 and ATCC 19606 strains were used as
consensus sequence. These findings reveal that standard calibrator strains and clinical
isolates differ in sequences which may be explained by the effect of several environmental
factors on clinical isolates. Therefore in the mutation analysis colistin susceptible clinical

isolates should be preferred as consensus.

As consistent with the literature the majority of the amino acid changes were detected in
PmrB protein. In PmrB, amino acid changes in 9 different locations were observed: H89L,
T138A, 1163F, 1164L, A224V, E229D, P233S, R263H, and A480E. In the PmrB, the active
regions of the protein were described between 216-276 HisK and 331-419 HATPaseC®.
According to this information, the mutations we identified in A224V, E229D, P233S, R263H
and A408E are located in the active region of the PmrB. In our study we detected P233S
mutation in 1 isolate and R263H mutation in 8 isolates. P233S mutation was described in
several studies; Beceiro et. al., in 2011 in 1 of 6 clinical isolates, Arrayo et. al., 2011 in 1 of
10 clinical isolates, Pournaras et. al, 2013 in 1 of 2 clinical isolates, and Kim et. al., 2014 in

10 of clinical isolates 80-81-99-100

. P233S is located in where the dimer formation takes place
which may have effect on phosphatase activity of PmrB®. The amino acid change in 263.
position of PmrB was also described by Arrayo et. al., 2011 in 1 laboratory derived (R263P)
and 1 of 6 clinical isolates (R263C), and Lesho et. al., 2013 in 1 of 14 clinical isolates
(R263L). Since the changed amino acids in this position varies, this position in PmrB is most

likely prone to harbor mutations.
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In PmrC, we detected amino acid changes of V42I, R109H, 1115N, and N284D in most of
our isolates. However there is only one report describing amino acid change in PmrC &,
Among all the PmrC amino acid variations in our group only N284D was found to be in the
sulfatase region which is between aa 237 and 532, other mutations were located in the region

that the function is not known 8.

We only observed M12I amino acid change of PmrA in 2 of the isolates which were
obtained from 2 different hospitals located in different cities of Turkey (Izmir and Istanbul).
This mutation was also described by Arrayo et. al., 2011 in one of the laboratory derived
colistin resistant A.baumannii, but it was described that the position of this mutation is not
within the receiver domain of the PmrA protein®. However, detection of this amino acid
change in two non-related clinical isolates as seen in the dendogram shown in Figure 3.2,
raise the possibility of the active functioning of M12l mutation on colistin resistance in

A.baumannii.

In LpxA, LpxD and LpxC proteins we determined several amino acid changes only in
LpxD: Q4K, V63, and E117K®®". Since Ipx genes are involved in the Lipid A biosynthesis
pathway, mutations and/or insertions in these genes are expected to create loss of function in
protein so that Lipid A synthesis is going to be disrupted. Up to now, different research
groups identified several insertions, deletions and mutations caused the function loss of Ipxa,
Ipxc, and lpxd genes but none of the amino acid variations we observed in LpxD were
identified before™®®". However the earlier reports were performed on laboratory derived
mutants or low number of clinical isolates. Therefore in our large study group we could
detect these mutations. Nevertheless in order to understand the effect of these mutations on

LpxD, further experiments revealing the Lipid A structure should be done.

When we compare the mutations and fold changes in expressions of pmrC, pmrB and
pmrC genes we found out that the amino acid changes V421 in PmrC, 1115N in PmrC, F150L
in PmrC is significantly associated with the increased PmrC expression (p:0.031, 0.0085, and
0.031 respectively). Even the most common mutations were detected in pmrB region we
could not determine an association between these mutations and overexpression in pmrCAB
operon. However significant association between MIC values and some point mutations in
pmrB, and IpxD regions in our study indicates that the development of colistin resistance is a
complex event and probably there are still unidentified factors contribute resistance

development.

The carbapanamase typing PCR revealed that all 29 isolates were carrying blagxa-2s. In
Turkey the prevalent type of carbapanamase in A.baumannii is OXA-23, and our findings are

in parallel with other studies done in our region'®*

. We also searched for the presence of
plasmid mediated colistin resistance. We could not detect mcr-1 gene in our isolates as we
expected because the lack of mcr-1 reports in A.baumannii. Recently another plasmid

encoded colistin resistance gene named mcr-2 was reported®’. These rapid findings of new
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plasmid supports the possibility of novel, undiscovered plasmids disseminating in

A.baumannii isolates.

In conclusion, we found out that the expression increase in pmrC, pmrA, and pmrB was
involved in colistin resistance of A.baumannii but the presence of isolates without
overexpression evidences the presence of additional mechanisms contributing to the colistin
resistance. The most common mutations in pmrCAB operon and IpxD gene were found to be
associated with high colistin MIC values.

The duration of colistin therapy was associated with the increased pmrB expression in
pmrCAB operon. This connection confirms that the duration of colistin therapy is a
substantial factor on emergence of colistin resistance. Therefore, physicians should consider
the therapeutic options during colistin treatment by controlling the duration of usage and
combining colistin with other antibiotics.

We also found that operation within last month before the isolation of colistin resistant
A.baumannii is significantly associated with overexpression of pmrCAB operon and colistin
MIC increase. This finding suggests that alterations in microbiota or depletion of immune
system during the surgical applications might trigger colistin resistance and invasiveness of
colonized A.baumannii isolates. Therefore surveillance cultures, and protective precautions

should be taken to prevent the dissemination of resistance.
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