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ABSTRACT

ACINETOBACTER BAUMANNII: AN EVALUATION OF FIVE SUSCEPTIBILITY TEST
METHODS TO DETECT TOBRAMYCIN RESISTANCE IN AN EPIDEMIOLOGICALLY
RELATED CLUSTER.

V. Mischka Moodley " 2, Stephen P. Oliver "2, Iva Shankland 2, and B. Gay Elisha "2

"Division of Medical Microbiology, Clinical Laboratory Sciences Faculty, University of
Cape Town
Groote Schuur Hospital, National Health Laboratory Services, South Africa

Abstract

BACKGROUND

Acinetobacter baumannii is a major pathogen causing nosocomial infections, particularly
in critically ill patients. This organism has acquired the propensity to rapidly develop
resistance to most antibiotics. At several hospitals within Cape Town, tobramycin and
colistin remain frequently the only therapeutic options. The Vitek2 automated
susceptibility testing (AST) is used in the clinical laboratory to determine selected
susceptibility profiles. The suspicion of a possible AST-related technical error when
testing for susceptibility to tobramycin in A. baumannii precipitated this study.

METHODOLOGY

Forty A. baumannii strains isolated from clinical specimens (June-December 2006)
which exhibited MICs close to the tobramycin breakpoints were included in this
prospective study. AST was compared to disk diffusion, Epsilometer test and agar
dilution using broth microdilution (BMD) as the reference method. Additionally, PCR was
performed to detect the aac(3)-II' gene which encodes an aminoglycoside modifying
enzyme with activity against tobramycin.

RESULTS

The tobramycin susceptibility results revealed errors in 25/39 isolates (10 very major
and 15 minor errors) when AST was compared to BMD (p<0.001), 12/39 (1 very major
and 11 minor errors) when Etest was compared to BMD, and 15 errors (3 very major
and 12 minor errors) when disk diffusion was compared to BMD. Additionally, the
tobramycin resistance gene, aac(3)-Il,” was detected in 21/25 of the discrepant isolates,
confirming the resistant phenotype detected by the reference method. Molecular typing
showed that these isolates were genetically related.

CONCLUSION
Clinical laboratories using the Vitek2 system for routine use should consider an
alternative susceptibility testing method to determine susceptibility to tobramycin.
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RESEARCH PROPOSAL

OBJECTIVE and AIMS:

The overall objective of this study is to evaluate the Vitek®2 automated susceptibility
testing system (bioMérieux, Durham, North Carolina) for tobramycin susceptibility
testing of Acinetobacter baumannii using broth microdilution as the reference standard.

Aims:

1. To compare the Vitek®2 automated susceptibility testing with disc diffusion,
Epsilometric test (E-test), agar dilution, and broth microdilution (reference standard)
methodology for aminoglycoside susceptibility testing of A. baumannii in the diagnostic
microbiology laboratory at Groote Schuur Hospital.

2. To determine whether the choice of nutrient agar and bacterial cell inoculum used in
the manual method and in the Vitek®2, respectively, impacts on the outcome of
susceptibility testing.

3. Determination of genetic relatedness of A. baumannii strains with discrepant Vitek®2/
broth microdilution tobramycin susceptibility results.

4. Identification of the mechanism of tobramycin resistance in selected A. baumannii
strains.
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BACKGROUND

Acinetobacter baumannii has emerged as a major nosocomial pathogen in many
intensive care units throughout the world (1, 2, 5, 21, 24). These non-fastidious, strictly
aerobic Gram-negative organisms present several problems. Firstly, Acinetobacter
species are opportunistic organisms with the capacity for long-term survival in the
hospital environment. The organism has the ability to colonize human skin, thereby
contributing to cross-transmission in the hospital.

Secondly, these organisms have been associated with fatal infections in critically ill
patients. Acinetobacter has been implicated in bacteraemia, respiratory tract and
surgical site infections. Factors predisposing to infection include prolonged hospital
stay, admission to an intensive care unit, mechanical ventilation, previous treatment with
antimicrobials, invasive procedures or instrumentations, burns, immunosuppression,
and previous sepsis (1, 2, 5, 12, 24). A. baumannii bacteraemia is associated with a
high crude mortality rate (varying between 17 and 52%) and prolonged hospital stay (2,
13, 15). Patient characteristics that play a major role in outcome include age,
immunosuppression, recent surgery, acute respiratory failure, acute renal failure, septic
shock, and appropriate choice of initial antibiotic therapy (6, 11).

Thirdly, its intrinsic resistance to many antimicrobial agents as well as the propensity to
develop resistance to newly developed antibiotics has made A. baumannii a formidable
adversary. It is of great concern that the incidence of carbapenem-resistant
acinetobacter isolates is increasing. Measures to limit the spread include enforcement of
hand washing, sterilization of ventilator equipment, dedication of equipment to
individual patients, use of isolation facilities, restriction of antibiotic usage, and ward
closure (5, 12). The choice of available antibiotics, however, grows more limited. In
multi-resistant acinetobacter infections, some remaining options include polymyxins
(colistin), sulbactam and tigecycline (1). Known resistance mechanisms of A.
baumannii to antimicrobials are the production of broad-spectrum p—-lactamases,
carbapenemases, aminoglycoside-modifying enzymes, mutations in outer membrane
porins, and alterations in penicillin-binding proteins. As therapeutic possibilities
decrease, patient mortality increases due to inappropriate empiric antimicrobial
treatment.

Accurate identification of Gram-negative non-fermenters in the clinical laboratory relies
mainly on automated or semi-automated systems. These systems have the advantages
of decreasing laboratory turn-around time, perceived cost-effectiveness, and are able to
be interfaced to laboratory and hospital information systems. Unfortunately, they have
limitations. Numerous studies have reported on errors in the accuracy of various
automated systems in identification and sensitivity testing especially amongst the non-
fermenters (14, 16).

A. baumannii is endemic in some hospitals’ intensive care units within the Cape Town
metropole. The majority of these isolates are multi-resistant organisms, only remaining
susceptible to tobramycin and colistin. Surveillance data collected by the National

Antibiotic Surveillance Forum in 2006 revealed that of the 161 blood culture isolates of
A. baumannii cultured at Groote Schuur Hospital (a tertiary academic institution), 57%
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were susceptible to piperacillin-tazobactam and ciprofloxacin, while 42% were
susceptible to ceftazidime. Importantly, only 55% and 57% were susceptible to the
carbapenems, imipenem and meropenem, respectively (17). Similar rates of resistance
are seen at other hospitals in South Africa (see Table 1).

TABLE 1: Susceptibility rates for Acinetobacter species isolated from blood from clinical
diagnostic laboratories in different provinces of South Africa in 2006 (17).

LABORATORY TOTAL PITZ CIPRO CTAZ IMI MERO
NUMBER
OF
ISOLATES
Gauteng
Chris Hani 132 85% 50% 51% 69% 71%
Baragwaneth
Charlotte Maxeke | 70 56% 51% 53% 51% 53%
Johannesburg
Academic
Dr George 61 62% 56% 75% 49% 51%
Mukhari
Tshwane
Pretoria Academic | 40 80% 63% 65% 68% 68%
Western Cape
Groote Schuur 161 57% 57% 42% 55% 57%
Tygerberg 124 80% 79% 74% 7% 7%

Note: PITZ-piperacillin-tazobactam, CIPRO-ciprofloxacin, CTAZ-ceftazidime, IMI-imipenem, MERO-
meropenem

With respect to aminoglycoside sensitivity, statistics show that of the A. baumannii
isolated in the diagnostic laboratory at Groote Schuur Hospital, from all clinical
specimens during the period 1/10/2005-30/09/2006, 82.75% of 1125 acinetobacter
isolates were resistant to gentamicin, 71.63% of 1195 isolates were resistant to
amikacin, and 42.29 % of 1206 isolates were resistant to tobramycin (NHLS Laboratory
Information System). An increasing number of Vitek®2 reports were being sent out from
the laboratory noting A. baumannii isolates with MICs close to the tobramycin
breakpoints (CLSI breakpoints). Further, an inconsistency between the antibiograms, as
detected by disc diffusion and Etest strips, and the Vitek®2 automated susceptibility
testing was noted. These discrepancies drew our attention to possible technical
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problems with the current Vitek®2 system. In this context, an extensive literature search
and discussions with bioMérieux indicated that problems with tobramycin susceptibility
testing of A. baumannii had not been reported previously.

The following study, to evaluate the accuracy of the Vitek®2 automated susceptibility
testing for aminoglycoside antibiotics, was predicated by the limited therapeutic options
and the consequences of initiating septic patients on inappropriate therapy.

METHODOLOGY

Seventy-eight isolates were collected from specimens sent to the clinical diagnostic
microbiology laboratory during a seven month period (June 2006 — December 2006).
Technologists at our laboratory were requested to make single colony plates of A.
baumannii from clinical isolates with MICs/disc zone sizes close to the CLSI breakpoints
for tobramycin (4). These isolates were specifically chosen as we had noted
discrepancies between the Vitek®2 and Etests in this group previously. A few fully
sensitive and resistant isolates were also chosen to evaluate the complete range of
isolates analysed by the Vitek®2 in the clinical diagnostic laboratory. Duplicate
specimens from the same patient were avoided except where the sensitivity pattern to
aminoglycosides changed.

The majority of the isolates were obtained from sputum, blood culture, pus swabs,
tissue culture and urine specimens of ICU patients (medical, surgical and paediatric
ICUs from four hospitals), including three pus swabs taken during a surveillance
exercise of the ICUs (See Table 3, Part D). The remainder of the isolates were obtained
from patients in the general wards. Groote Schuur Hospital and Red Cross Children’s
Hospital represent tertiary academic institutions, with Mowbray Maternity Hospital, G.F.
Jooste and Victoria Hospital being secondary level institutions.

All isolates will be inoculated on to fresh MacConkey agar to obtain single colonies that
will be utilized for identification and susceptibility testing.

Storage

The agar plates will be stored at 4 °C. Single colony plates will be sub-cultured if
necessary (maximum twice) to ensure viability of the organisms. Following susceptibility
testing, all isolates will be stored on beads at -70 °C (Viabank VIM tubes, ABTEK
Biologicals Ltd, Liverpool). Recovery of organisms from beads will be performed
according to the manufacturer’s instructions.

IDENTIFICATION OF BACTERIA

The identification of the isolates will be confirmed as per standard laboratory protocol
and manufacturer’s instruction using the Vitek®2 system (See SOP 1, Part D).
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Introduction

The Vitek®2 Gram-Negative Identification Card (GN-ID) intended for the automatic
identification of significant fermenting and non-fermenting gram-negative bacteria,
utilises the results of 41 biochemical tests to identify an isolate. The results of the
biochemical tests are compared to the expected corresponding set of reactions for each
organism. A qualitative value (percentage probability) is calculated based on the
observed test reactions versus the typical reactions for each organism. Thus, a perfect
match would provide a percentage probability of 99%. A percentage probability of 85-
97% indicates that a test reaction pattern is sufficiently close to the biochemical profile
of a particular organism or organism group. Results are usually available within 3 hours.

Methodology

Fresh isolates (18-24 hours old) will be identified using the Vitek®2 system (See
Standard Operating Procedure 1, Part D). An isolated colony from the single colony
plate will be selected and emulsified in sterile saline in a clear plastic tube to obtain a
density of 0.6 and 1.0 McFarland, respectively. Cassettes with tubes and cards will be
loaded into the Vitek®2 according to the manufacturer’s instructions.

The identification of each isolate will be confirmed twice, at 0.6 McFarland
(manufacturer’'s recommendation) and 1.0 McFarland, respectively. Only Vitek®2
results with a percentage probability above 94 % (Very Good, Excellent Identification
categories) will be considered as acceptable identifications.

The identification of each isolate will also be confirmed independently by the bioMérieux
Research and Development Division using API phenotypic testing panels.

ANTIBIOTIC SUSCEPTIBILITY

Antibiotic susceptibility testing will be performed on all isolates. The following methods
will be employed: disc diffusion; MIC determination by Etests, agar dilution and broth
microdilution; and automated susceptibility testing by Vitek®2.

Disc diffusion
Introduction

Disc diffusion is one of the most popular methods of antimicrobial susceptibility testing
due to its ease of use and low cost. This method is based on the diffusion through agar
of an antimicrobial drug released from an impregnated disc. When a disc is applied to
the agar surface, the antibiotic begins to diffuse immediately. This results in a
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concentration gradient that diminishes with distance from the edge of the disc. The zone
edge is formed by the growth of the organism at the point in the agar where the
antibiotic concentration is at the critical concentration, which is defined as the
concentration that is just capable of inhibiting bacterial growth. Unlike other dilution
methods, an MIC value is not generated. Instead, a zone diameter is used to predict an
MIC value, and which category of susceptibility the strain belongs to.

Several factors can influence the result of disc diffusion testing. These include the disc
content (amount of drug per disc), the diffusion characteristics of the drug, the disc size,
the depth of the agar, the density of the inoculum, and incubation time (10, 23). To
ensure standardization, commercial media obtained from three different manufacturers
will be used in the study. In addition, antibiotic discs with the same lot numbers will be
used, and a mechanical rotary device will be used to distribute the bacterial inoculum
evenly across the agar surface. Quality control will be performed for each batch of
media used.

Methodology

Disc diffusion testing (modified Bauer-Kirby method) will be performed in accordance
with CLSI standards (3, 4). Cation-adjusted Mueller-Hinton media will be utilised for the
disc diffusion testing. The disc diffusion will be performed in triplicate on three different
commercial media [bioMérieux (Randburg, South Africa), Bio-Rad Laboratories
(Johannesburg, South Africa), and Greenpoint NHLS Media Laboratory (Cape Town,
South Africa)] to exclude any discrepancies as the cation levels in the media could
influence the aminoglycoside zone diameters (10). The aminoglycosides that will be
tested by disc diffusion are gentamicin (10 ug), amikacin (30 yg), and tobramycin (10
Mg) [Oxoid, Basingstoke]. These antibiotics were chosen as they are used at local
hospitals for treatment of acinetobacter infections.

Isolated colonies from the single colony plate will be emulsified in normal saline to
achieve an organism suspension with a density equivalent to 0.5 McFarland. The
suspension will then be evenly applied onto the three different commercial Mueller-
Hinton media using a mechanical rotary device. The antibiotic discs are applied by
tabbing them onto the agar using a disc dispensing device. Each plate must be checked
to ensure that the discs are making complete contact with the agar as well as to ensure
that they are >24 mm apart (centre-to-centre). The plates will be inverted and incubated
within 15 minutes in an aerobic incubator at 35 °C for 24 hours.

After 24 hours, the susceptibilities will be determined using the methodology outlined in
CLSI standards (See SOP 2, Part D). The diameters of the zone of inhibition will be
measured to the nearest millimetre using a sliding calliper. The zone diameter will be
interpreted using CLSI interpretative standards (4). The mean of the zone diameters
obtained from all three media will be used in the analysis.
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Epsilometric Tests (Etest)
Introduction

The Etest (AB Biodisk, Solna, Sweden)is a quantitative method for determining the
antimicrobial susceptibility of a bacterial species. The system utilises a predefined
antibiotic gradient which is used to determine the MIC (in pg/ml) of different antibiotics
against organisms as tested on agar media using overnight incubation. The MIC
generated is the minimal concentration of a drug, in pg/ml, which will inhibit the growth
of a particular bacterium under defined experimental conditions.

The Etest is a thin, inert, non-porous plastic strip that is 5 mm wide and 60 mm long.
One side of the strip carries the MIC reading scale (in ug/ml) and a two letter code that
represents the antibiotic being tested. A predefined exponential gradient of the antibiotic
is present on the other surface of the strip. The gradient covers a continuous
concentration range across 15 two-fold dilutions of a conventional MIC method.

When an Etest is applied to the inoculated agar surface, there is immediate transfer of
the antibiotic into the agar matrix. A stable, continuous and exponential gradient is
formed under the strip. A symmetrical ellipse of inhibition becomes visible after the
recommended incubation period. The Etest has been shown to be reproducible and
equivalent to CLSI reference dilution methods. However, even under the best controlled
conditions, a dilution test may not give the same end point each time it is performed.
The reproducibility of the conventional dilution test is within +/- 1 two-fold dilution of the
end point.

Methodology

MIC determination by Etest will be performed as per manufacturer’s instructions. Once
again, a single Etest will be placed on three different commercially available Mueller-
Hinton agars to exclude the influence of variation of cation concentration on
susceptibility testing.

Individual bacterial colonies are homogenised in saline to 0.5 McFarland. A swab is then
immersed into the suspension, excess fluid is removed, and the surface of the agar is
swabbed evenly in three directions. The Etest will then be placed on the surface of the
agar using a sterile forceps. Thereafter, the plate is placed into an aerobic incubator and
incubated at 35 °C for 24 hours (See SOP 3, Part D).

The plates will be read only if sufficient growth is seen after the recommended
incubation period. The MIC of an antibiotic is the point at which the ellipse intersects the
scale. The end point is defined as complete inhibition of all growth including hazes and
isolated colonies.

CLSI interpretative standards will be utilized to interpret the MIC values obtained (4).
Since the Etest is a continuous gradient, values in between two-fold dilutions may be
obtained. These values will be rounded up to the next two-fold dilution before
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interpretation. The Etest results will be compared to the reference broth microdilution
results, and the results obtained from the medium which most closely agrees with the
results from the reference method will be used for analysis purposes.

Vitek®2 Susceptibility Testing
Introduction

The Vitek®2 system is an automated susceptibility test method that utilises plastic
reagent cards containing antibiotics in a 64-well format. The system employs repetitive
turbimetric monitoring of bacterial growth during an abbreviated incubation period of 4-
10 hrs. Using a unique algorithm, an MIC is calculated. The Vitek®2 uses an “expert
system” computer software programme to interpret susceptibility results and analyses
the results for atypical patterns or unusual resistance phenotypes.

Methodology

Susceptibility testing will be performed using the same standard operating procedure as
for Vitek®2 identification. A Vitek®2 Gram Negative Susceptibility card (NO-22) will be
used to determine the susceptibility of each isolate at 0.6 McFarland and 1.0 McFarland,
respectively.

The concentrations of the aminoglycoside antibiotics in the card are as indicated in
Table 2.

TABLE 2: Concentrations of antibiotics in NO-22 card.

Antibiotic Code Concentration Calling Range
Amikacin AN 8, 16, 64 <2;264
Gentamicin GM 4, 16, 32 <1;216
Tobramycin ™ 8, 16, 64 <1;,216
Netilmicin NET 4,16, 32 <1;232

Table obtained from AST NO-22 Card, Package Insert, bioMérieux, 2006.

Agar dilution

Agar dilution, the second reference method, is a truncated method that incorporates one
or two selected concentrations of antimicrobials, usually at breakpoint values (10, 22).
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This technique involves the incorporation of different concentrations of the antimicrobial
substance into a nutrient agar medium followed by the application of a standardised
inoculum of bacteria to the surface of the agar plate. The plates are then incubated at
35 °C for 18 hrs. Sensitive organisms are inhibited by the concentration of antibiotic in
the agar, and no growth is evident at the points of inoculation. Resistant organisms
appear as distinct colonies of bacterial growth (23).

The agar dilution method will be performed by the Research and Development Division
of bioMérieux in LaBalme, France. The methodology used for testing will follow CLSI
standards. Only tobramycin susceptibility will be performed for all isolates as tobramycin
is the antibiotic that we have experienced the most problems with. The agar dilution
technique will be performed in duplicate by two independent technologists. The results
obtained will be compared to the reference method, and the lab worker whose results
most closely match the results of reference method will be used for analysis.

Broth microdilution

The broth microdilution test serves as the reference method for susceptibility testing.
Serial dilutions of antimicrobial agent to be tested are added to broth in a 96 well plate.
A standardized bacterial suspension is then added. Growth is assessed after incubation
for a defined period of time (16-20 h). At the end of the incubation period, the wells are
visually inspected. Cloudiness indicates that the bacterial growth has not been inhibited
by the concentration of antibiotic in the well, whereas a clear well indicates that the
bacteria have been inhibited by the concentration of antibiotic in the well (23).

The broth microdilution will be performed by the Research and Development Division of
bioMérieux in LaBalme, France, due to lack of local resources and expertise. Testing
will follow CLSI standards. The broth microdilution will be performed on three
aminoglycoside antibiotics, i.e. gentamicin, amikacin, and tobramycin. The method will
be performed in duplicate by two technologists working independently. CLSI
interpretative criteria will be utilized for interpretation of the MIC values obtained (4).
Discrepant results will be reconciled by choosing the result with the higher MIC value.
This accords with standard laboratory practice as theoretically these results would be
used to influence choice of antibiotic in critically ill patients.

Quality control

To ensure standardization of results, all susceptibility testing performed in Cape Town
will be performed by a single investigator working under standardised conditions using
standard operating procedures in a SANAS accredited laboratory. The investigator will
be observed by two independent observers (from bioMérieux) to ensure that no
deviation from the standard operating procedures occurs.

Quality control procedures as outlined in CLSI guidelines as well as the Vitek®2
manufacturer’s guidelines will be followed (3, 4). Quality control using the recommended
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American Type Culture Collection (ATCC) organisms will be performed for each lot
number of media, antibiotic discs, Etests, and Vitek®2 cards utilised in the study.

MOLECULAR TESTING

DETECTION OF MECHANISM OF RESISTANCE

The mechanisms of aminoglycoside resistance amongst A. baumannii isolated at the
clinical diagnostic laboratory have previously been researched by the Division of
Medical Microbiology, University of Cape Town (8). The prevalent mechanism of
resistance to tobramycin was an aminoglycoside modifying enzyme encoded by the
aac(3)-1la gene (8).

Based on this observation, a PCR will be performed on all isolates to confirm the
presence or absence of the aac(3)-/la gene.

Methodology

The NucliSens® easyMag® platform (bioMérieux, Durham, North Carolina) will be used
for DNA extraction. This is an automated system for extraction of nucleic acids based
upon silica extraction technology. The samples are incubated with lysis buffer overnight.
The target nucleic acids are captured by silica particles. The NucliSens® easyMag®
magnetic device attracts all the magnetic silica, enabling the system to purify the nucleic
acids through several wash steps. The heating step releases the nucleic acids from the
silica, and the magnetic beads are then separated from the eluate by the magnetic
device.

The quantity and quality of DNA extracted will be confirmed using the Nanodrop® ND-
1000 spectrophotometer (Thermo Fisher Scientific Inc., Waltham, MA).

The PCR assay utilised has been optimised and validated by previous work performed
by medical scientists at the Institute of Infectious Diseases and Molecular Medicine,
University of Cape Town (8). The sequences of the primers that will be used are shown
in Appendix 1.

The mastermix consists of magnesium chloride(25 mM), 2.5 mM of each dNTP, forward
and reverse primers (20 pmoles each), and 2.5U Taq polymerase in buffer made up to a
final volume of 50 pL per reaction (8). Genomic DNA (8-80 ng/uL) will be added to the
mastermix. The mixture will be placed in a thermocycler using the following cycling
conditions: an initial denaturation at 95 °C for 5 minutes, followed by 35 cycles of 95 °C
for 1 minute, 51 °C for 45 seconds, 72 °C for 1 minute, and a final extension at 72 °C for
5 minutes (9). MOS-1, a known Acinetobacter baumannii strain with the aac(3-)/la gene
will be used as a positive control, while MOS-2 will be used as a negative control (8).
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The PCR product will be separated in an agarose gel and visualised by
transillumination. The expected product size is 786 bp (8). The assay will be repeated
on all samples with an initial negative result. To confirm the integrity of DNA extracted, a
16s rRNA PCR will also be performed on all isolates (See SOP 5, Part D).

Selected isolates will be sequenced by the DNA sequencing facility at the University of
Stellenbosch, South Africa. The DNA sequences will be analysed using Chromas Lite
v2.01 (Technelysium Pty Ltd) and BioEdit Version 7.0.9 software. The sequences will be
blasted on Genbank for nucleic acid similarity with existing sequences.

Quality control

The molecular tests will be performed in designated molecular areas within a SANAS
accredited laboratory. Positive and negative controls will be included for all stages of
molecular testing. Standard operating procedures will be strictly adhered to.

EPIDEMIOLOGY OF ISOLATES

REP-PCR

The isolates will be typed by rep-PCR using the Diversilab System by the bioMérieux
Research and Development team in France. This will be performed to determine if there
is a predominant clone that is responsible for the disparity in tobramycin susceptibility
testing. The Diversilab System is an automated DNA fingerprinting and analysis tool
based on rep-PCR technology. The technique consists of three parts: isolation of DNA
from bacteria with a Diversilab™ Acinetobacter kit, amplification of the isolated DNA
using rep-PCR, and detection of the amplified material by electrophoresis. Rep-PCR
primers bind to many specific repetitive sequences interspersed throughout the bacterial
genome. Multiple fragments of differing lengths are amplified. These fragments are then
separated by mass and charge via electrophoresis. A unique fingerprint is created with
multiple bands of varying intensity. Software analysis of the fingerprints generated may
be used to create dendrograms, scatterplots, etc. This will then be used to evaluate the
degree of similarity between the isolates utilised in this study. See Part D for detailed
methodology.
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Pulsed field gel electrophoresis (PFGE)

Introduction

PFGE is considered the gold standard for typing of A. baumannii (18, 19). This
technique has the highest discriminatory power, and interlaboratory reproducibility is
possible through the use of standardised protocols (18, 19). PFGE will be performed to
further investigate the relatedness of A. baumannii strains included in this study to a
previously characterised tobramycin resistant strain isolated at Groote Schuur Hospital.
The methodology for the PFGE has already been optimized by medical scientists at the
Institute of Infectious Diseases and Molecular Medicine, University of Cape Town (8).

Methodology

Briefly, agarose plugs containing a bacterial suspension and sodium dodecyl sulphate
(C12H25Na04S), to lyse the bacteria, will be prepared. After lysis, the plugs will be
washed and the DNA will be digested with Apa1 (Roche). Following digestion, the plugs
will be loaded into an agarose gel in preparation for electrophoresis. The
electrophoresis will be carried out in a Gene Navigator® PFGE machine (Amersham
Biosciences AB, Uppsala, Sweden) for 23 hours, after which it will be stained with
ethidium bromide, destained, and photographed (See SOP 7, Part D). The patterns will
be visually inspected and interpreted using Tenover criteria (20). An analysis using
GelCompare Il Version 4.6 (Applied Maths, Sint-Martens-Latem, Belgium) software will
be used to further analyse the profiles obtained (7).

DISCUSSION AND IMPACT

This study has been proposed to inform the diagnostic laboratory on whether the
Vitek®2 automated system is an accurate means of testing for tobramycin susceptibility
in A. baumannii. In addition, an assessment of the accuracy of the various methods in
determining sensitivity is critical as inappropriate antimicrobial therapy is associated with
increased morbidity and mortality.

ENVISAGED OUTCOMES

The results of this study may lead to changes in standard operating procedure with
respect to aminoglycoside susceptibility testing at Groote Schuur Hospital, as well as
other NHLS laboratories in South Africa. In addition, a revision of the product or
package insert may have to be made by the manufacturer.
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This study will form the basis of research toward a MMed dissertation. The findings of
this project are expected to be published in an international peer reviewed journal, and
the data is expected to be presented at an international microbiology congress either as
an oral presentation or as a poster submission.

ETHICAL CONSIDERATIONS

Ethical approval was sought from the University of Cape Town Human Research Ethics
Committee (REF REC 458/2006). See Appendix 1, Part D.
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APPENDIX 1.

Sequence of aac(3)-lla gene which encodes the AAC(3)-lla enzyme.

—)
ATGCATACGCGGAAGGCAATAACGGAGGCAATTCGAAAACTCGGAGTCCAAACCGGTGACCTGTTGATGGTGCA

TGCCTCACTTAAAGCGATTGGTCCGGTCGAAGGAGGAGCGGAGACGGTCGTTGCCGCGTTACGCTCCGCGGTTGG
GCCGACTGGCACTGTGATGGATACGCGTCGTGGGACCGATCACCCTAACGAGGAGACTCTGAATGGCGCTCGGTT
GGATGACAAAGCCCGCCGTACCTGGCCGCCGTTCGATCCCGCAACGGCCGGGACTTACCGTGGGTTCGGCCTGCT
GAATCAATTTCTGGTTCAAGCCCCCGGCGCGCGGCGCAGCGCGCACCCCGATGCATCGATGTCGCGGTTGGTCCG
CTAGCTGAAACGCTGACGGAGCCTCACGAACTCGGTCACGCCTTGGGGAAAGGGTCGCCCGTCGAGCGGTTCGTC
CGCCTTGGCGGGAAGGCCCTGCTGTTGGGTGCGCCGCTAAACTCCGTTACCGCATTGCACTACGCCGAGGCGGTT
GCGGATATCCCCAACAAACGATGGGTGACGTATGAGATGCCGATGCTTGGAAGAAACGGTGAAGTCCGCCTGGA
AAACGGCATCAGAATACGATTCAAACGGCATTCTCGATTGCTTTGCTATCGAAGGAAAGCCGGATGCGGTCGAAA
CTATAGCAAATGCTTACGTGAAGCTCGGTCGCCATCG AGAACE GTCGTGGGCTTTGCTCAGTGCTACCTGTTCGA

CGCGCAGGACATCGTGACGTTCGGCGTCACCTATCTTGAGAAGCACTTCGGAGCCACTCCGATCGTGCCAGCACAC

GAAGCCGCCCAGCGCTCTTGGCGAGCCTTCCGGTTA

The start and stop codon for the aac(3)-/la gene are indicated in bold type. The forward primer is
indicated in green and the reverse primer is indicated in blue. The arrows indicate the direction of
transcription.

(Adapted from: Jacobson, R. K. 2007. M. Sc thesis. Association of /S1133 with an aminoglycoside
resistance gene, aacC2a, in Acinetobacter baumannii isolates. University of Cape Town).
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LITERATURE REVIEW

Acinetobacter baumannii has emerged as a major nosocomial pathogen world-wide (1,
20, 21, 115, 124). The organism has gained increased notoriety with its classification as
a high priority pathogen by the Antimicrobial Availability Task Force of the Infectious
Diseases Society of America (109). This bacterium presents several problems to the
microbiologist and clinician. A. baumannii has the capacity for long-term survival in the
hospital environment, rapidly filling the ecological niche left vacant by the elimination of
competing bacteria by broad-spectrum antibiotics (111). Infections due to A. baumannii
are associated with increased morbidity and mortality in critically ill patients in ICUs.
Genetic interchange with other bacterial species is possible with significant implications
for the rapid acquisition of resistance determinants, and subsequent spread of multi-
drug resistant strains (82). Considerable information has been obtained about the
mechanisms of antibiotic resistance, but we are only beginning to understand the
virulence factors and pathogenicity potential of this complex bacterium.

1. MICROBIOLOGY
1.1 TAXONOMY OF ACINETOBACTER

The taxonomy of Acinetobacter spp. has a convoluted history. The organism was first
described in 1911 by the Dutch microbiologist, Beijerinck, who isolated the organism
from the soil in a calcium-acetate-containing minimal medium (82, 111). In 1954, Brisou
and Prevot proposed the current genus designation to separate the non-motile from the
motile organisms within the genus Achromobacter (82). This designation was accepted
in 1968. In 1991, Acinetobacter spp. were designated as belonging to the family
Moraxacellaceae, within the y-subclass of the Proteobacteria (94).

Acinetobacter was initially classified as a single species genus in 1968, but at present
there are 33 species (111). Twenty-three of these have been named; the remaining 10
are classed as genomic species. Genospecies 1(Acinetobacter calcoaceticus),
genospecies 2 (A. baumannii), genospecies 3, and genospecies 13 compose the A.
calcoaceticus- A. baumannii complex. These four species are closely related
genotypically, and are phenotypically very difficult to distinguish. The difficulty of
accurate speciation has created problems in establishing the epidemiology and true
clinical importance of A. baumannii. However, accurate speciation is important as
clinical significance and antimicrobial susceptibility varies between species (111). In
addition, the epidemiology and propensity for spread is also species dependent.
Species identification is, however, often difficult for both clinical diagnostic and research
purposes. Whilst the majority of acinetobacters are environmental organisms which are
not associated with human disease, A. baumannii has emerged as a successful
pathogen in the 21% century.
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1.2 NATURAL HABITATS

Acinetobacter spp. are ubiquitous organisms. They have been isolated from numerous
sites, including the soil and water, from which A. calcoaceticus, and Acinetobacter
jJjohnsonii are common isolates (26, 111). Acinetobacter have been found colonising
animals (including arthropods) and have even been isolated from food (9, 60).
Acinetobacter Iwoffii, Acinetobacter radioresistens and A. johnsonii are commonly
found colonising human skin (111). In addition to colonising skin, A. baumannii has the
ability to colonise indwelling devices including urinary catheters, neurosurgical shunts,
and central venous lines (26, 111). In the hospital environment, A. baumannii are
usually associated with moist environments such as ventilators, humidifiers, and sinks.
The natural habitat of A. baumannii outside the hospital, however, is yet to be
determined (111).

Recovery of acinetobacter from various clinical specimens, for example sputum, urine,
or faeces, can represent colonization of the body site, contamination when obtaining the
specimen through a colonised opening, or true infection of the site.

1.3 SPECIES IDENTIFICATION

Acinetobacter spp. are short gram-negative bacilli, often appearing cocco-bacillary on
Gram stain (122).They may appear gram-positive when stains are made directly from
blood culture bottles (122).

Acinetobacter may be cultivated on several types of media commonly utilised in the
diagnostic laboratory. A. baumannii is saccharolytic, and may therefore appear as a
lactose-fermenter on MacConkey agar (122). The colonies are approximately 0.5-
2.0mm in diameter, domed, mucoid, and non-pigmented (122).

The identification of acinetobacter to genus level depends on the following phenotypic
traits: a strictly aerobic, non-motile, non spore-forming, non-fermenting gram-negative
bacillus, which is catalase-positive, oxidase-negative, with a G+C content of 39 to 47%
(82, 122). A. baumannii has the following differentiating phenotypic reactions from other
non-fermenting gram-negative bacilli: It is saccharolytic (utilises glucose, lactose, and
xylose, but not maltose), non-haemolytic, and grows at 42°C (12, 57). Special
chromogenic medium is available for rapid identification of A. baumannii within 24 hours
(43).

Several automated and semi-automated identification tests have been developed for
commercial use. These include the API20E, Vitek2, MicroScan WalkAway, and BD
Phoenix. These tests have made identification of bacterial species much easier, quicker
and more cost-efficient. However, they have been shown to have a limited database,
and tend to group A. baumannii, genomic group 3 and genomic group 13TU into one
group, identified as Acinetobacter baumannii (26, 82).

The problems associated with phenotypic testing led to the development of other tests
for identification. The DNA transformation assay of Juni utilises the ability of a strain to
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transform Acinetobacter strain BD413 trypE27, a tryptophan auxotroph, to a wild-type
phenotype, as a pre-requisite to belong to the genus Acinetobacter (52). Molecular tests
include16s rDNA sequence analysis, DNA-DNA hybridization, protein SDS PAGE
fingerprinting, amplified fragment length polymorphism (AFLP) fingerprinting, amplified
rDNA restriction analysis (ARDRA), and ribotyping (26, 40, 82). Although they are more
accurate, they are laborious, require considerable skill and, therefore tend to be
restricted to reference or research laboratories.

2. PATHOGENESIS AND VIRULENCE FACTORS

Acinetobacter first began to be recognized as a nosocomial pathogen in the 1970s.
Today, A. baumannii accounts for 2-10% of gram-negative bacterial infections in
Europe, and 2.5% of these infections in the United States (45, 50).

2.1 INFECTIONS

A. baumannii was previously thought to be a low virulence organism causing infections
in predominantly immunocompromised and debilitated patients, but this view is
changing. This organism is capable of causing a spectrum of diseases.

Acinetobacter has been implicated in clinical infections in immunosuppressed and
critically ill patients in intensive care units worldwide, particularly patients requiring
mechanical ventilation, and those with wounds or burn injuries (111). It has also been
implicated in community-acquired infections (32, 49, 75). A. baumannii was identified as
a significant cause of skin and soft-tissue infections in US soldiers during the wars in
Irag and Afghanistan (16). Following the tsunami in South-East Asia in December 2004,
17% of 17 people evacuated to Germany with severe trauma had multidrug-resistant A.
baumannii isolated from wound swabs, sputum and blood cultures (65).

This organism has been implicated in several types of nosocomial infections. In the
Surveillance and Control of Pathogens of Epidemiologic Importance (SCOPE) study
conducted in the US in 1995-2002, acinetobacter ranked as the 10" leading cause of
bloodstream infections (0.6 bloodstream infections per 10,000 admissions) (123). In the
same study, acinetobacter had the third highest crude mortality rate (34%) in ICU
patients after Pseudomonas(39.2%) and Candida species infections(38.7%) (123).

This organism is frequently isolated from patients with ventilator-associated pneumonia,
and is associated with a high mortality rate. Acinetobacter spp. ranked fourth (6.9%) in
prevalence amongst gram-negatives causing pneumonia in ICUs as reported to the
National Nosocomial Infection Surveillance system in 2003 (39).

Acinetobacter has also been implicated in secondary meningitis; ventriculitis; urinary
tract infections; surgical site infections; chronic ambulatory peritoneal dialysis related-
peritonitis, and even endocarditis (10, 14, 48, 54, 73, 80, 82, 91).

Risk factors for nosocomial infection include host factors such as a high APACHE I
score, prematurity, malignancy and length of hospitalization (26, 74). Prior antimicrobial
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therapy (the use of cephalosporins, carbapenems, and quinolones) are additional risk
factors for acquisition of nosocomial infection particularly with multidrug-resistant
phenotypes (74). The type of medical intervention e.g. surgery, catheterisation, or
mechanical ventilation, as well as environmental factors such as insufficient adherence
to infection control guidelines by healthcare workers, also plays a role in acquisition of
infection.

Risk factors for community-acquired infection include chronic obstructive airways
disease, renal failure, diabetes mellitus, smoking and alcohol abuse (26, 32).
Community-acquired pneumonia caused by A. baumannii is associated with a with an
acute onset of respiratory failure and shock, and a high mortality rate (40-64%) (18, 32).

2.2 VIRULENCE FACTORS

The organism possesses several factors that may contribute to its pathogenicity. These
include fimbriae or pili for attachment to cell structures, outer membrane proteins (that
may function as a resistance mechanism), and lipopolysaccharide (19, 42). Outer
membrane protein A (OmpA) is thought to be responsible for inducing apoptosis in the
cells that the bacterium invades (19). In addition, acinetobacter is capable of capsule
and biofilm production. In one study, more than 60% of A. baumannii from clinical
isolates formed biofilm (93). This allows acinetobacter to produce infections associated
with indwelling devices, such as urinary and intravenous catheters. Biofilms contribute
to drug resistance and provide a means for acinetobacter to evade the immune
defences. Further, exopolysaccharide from biofilms has been shown to suppress
neutrophil activity and contribute to serum resistance (42).

Siderophores for iron acquisition, which is essential for bacterial growth, have been
found in acinetobacter (126). Several extracellular enzymes are known to be produced
by this bacterium. These include proteases, gelatinases, esterases, leucine arylamidase
and phospholipases (17). A Type IV secretion system and quorum sensing machinery
have also been detected among the organism’s armamentarium (113).
Lipopolysaccharide from the bacterium has been shown to be a potent inducer of the
pro-inflammatory cytokine cascade in human monocytes, via Toll-like receptor (TLR)-2
and TLR-4 pathways (30). Acinetobacter is capable of uptake of DNA released by other
bacteria in its environment. This transformation may result in the acquisition of drug
resistance genes and pathogenicity islands. In addition, some strains of A. baumannii
have been shown to be resistant to serum killing by complement (55).

3. EPIDEMIOLOGY OF ACINETOBACTER BAUMANNII

The incidence of acinetobacter infections has been increasing, both locally and
worldwide. Several outbreaks have been reported in the literature. These have been
reported in England, France, Portugal, Spain, Australia, Asia, the US and South Africa
(21, 22, 24, 46, 69, 70, 77, 82, 115, 116). Eight worldwide clonal lineages that are
associated with epidemic spread throughout the world have been described (46).
Strains belonging to European Clone | and Il have been implicated in outbreaks since
the 1980s (26, 79). A study on the dissemination of the southeast (SE) clone of A.
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baumannii containing OXA-23 has revealed that it was the cause of outbreaks in
several ICU’s in the United Kingdom resulting in closures (22). This clone is usually
susceptible only to tigecycline and the polymyxins (64).

Acinetobacter may be transmitted from patient to patient through the hands of
healthcare workers, and possibly by airborne transmission (26, 111). Colonized patients
are thus the primary reservoir for acinetobacter in the hospital environment. Other
possible sources are contamination of surfaces close to the patient or medical
equipment (e.g. ventilators) (15, 41). Acinetobacter has been shown to survive on dry
surfaces from 3 days up to 5 months (56). The simplicity of this organism’s nutritional
requirements combined with its ability to survive at different temperatures and pH
values, explains its remarkable ability to thrive in a variety of environments (56).

Most nosocomial outbreaks are usually related to a single hospital ward, such as the
ICU, and caused by a single or a few clones with a common environmental source
usually implicated. These outbreaks are usually resolved once the reservoir is identified
and eliminated. Infection control measures to inhibit A. baumannii transmission include
the use of closed tracheal suction, improved hand decontamination using alcohol gels,
strategies to clean equipment and the environment, and the use of nebulised colistin for
patients with mild-moderate VAP (33, 92, 112).

Several methods have been developed to determine the genetic relatedness of A.
baumannii implicated in outbreaks. These include phenotypic testing such as biotyping,
resistance phenotyping, serotyping, and phage typing (8). The problems with these
methods are that they are not discriminatory enough, and up to 20% of bacteria are not
typable by phage typing. DNA-based epidemiologic tools (Table 1) include plasmid
profile analysis, ribotyping, random amplified polymorphic DNA (RAPD), repetitive
extragenic polymerase chain reaction (REP-PCR), amplified fragment length
polymorphism (AFLP), integrase gene PCR, multilocus sequence typing (MLST),
electrospray ionisation mass spectrometry(ESI-MS), and pulsed-field gel
electrophoresis (11, 28, 82, 101-103, 105, 114). It should be noted that many of these
techniques are no longer in the domain of a research laboratory.
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TABLE 1: Molecular techniques for epidemiological studies.

Technique

Plasmid profile analysis

Ribotyping

PFGE

RAPD-PCR

AFLP

MLST

ESI-MS

4. TREATMENT OF ACINETOBACTER INFECTIONS

Advantages

Nil.

Automated systems available.
Gold standard, highest

discriminatory power.

Easy, rapid, low cost.

High discriminatory power,
robust.

Reproducible, portable.

Rapid, high-throughput, easy.

Disadvantages

Plasmids may be lost/ gained.
Cumbersome technique.

Labour intensive, poor
discriminatory power.

Labour intensive.
Reproducibility poor;
discrimination inferior to

PFGE.

Expensive, requires
experienced technologist.

Expensive, time consuming.

Expensive, not for routine use.

The treatment of acinetobacter infections has become increasingly difficult as
therapeutic options diminish. This has prompted the use of off-label drugs, such as

colistin.

Antibiotics that are utilised for the treatment of acinetobacter infections include the anti-
pseudomonal penicillins, the anti-pseudomonal cephalosporins, sulbactam,
monobactams, aminoglycosides, tetracyclines, quinolones, trimethoprim-sulphonamide,
and the carbapenems. Options available for drug resistant isolates include the
polymixin, colistin, and the glycylcycline, tigecycline (37). Clinical trials of the use of
combination therapy, such as colistin and rifampicin, or a carbapenem and an
aminoglycoside, for the treatment of MDR acinetobacter infections have yielded
somewhat mixed results (53). However, there are numerous case reports of successful
treatment of patients with MDR acinetobacter infections with these combination
therapies (6, 37). Aminoglycosides in combination with meropenem or polymixin B are
recommended for empirical treatment of acinetobacter meningitis (54). Novel agents
such as antimicrobial peptides, enzyme inhibitors, and efflux pump inhibitors are
currently under investigation for the treatment of pan drug-resistant isolates.
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The administration of an appropriate antibiotic in treating sepsis is a strong predictor of
mortality (29, 38, 47, 59). In most cases, antibiotic therapy is initiated prior to
identification of the causative organism. Empirical therapy is often inappropriate when
treating MDR acinetobacter infections, thus leading to an unfavourable outcome. In a
study in Turkey where 51% of the acinetobacters isolated from bloodstream infections
were resistant to imipenem, only 14 of 41 patients with A. baumannii bacteraemia
received appropriate antimicrobial therapy (4). A Canadian study involving 14 ICUs
documented that the administration of an appropriate antibiotic in the 1% hour of
hypotension was associated with a survival rate of 79.9% (59). However, each hour of
delay in administration of an antibiotic over the next 6 hours was associated with a 7.6%
decrease in survival (59). In a study conducted in Turkey, inappropriate empirical
antibiotic therapy in acinetobacter sepsis was associated with a 65% mortality versus
39.5% for patients who received appropriate therapy (29). Another study in Thailand
showed that patients with a pan drug- resistant acinetobacter infection had an 80%
mortality versus 14% of controls infected with a drug-sensitive acinetobacter (5).
Interestingly, only 75 % (42/56) of these patients received appropriate empirical therapy
(5). However, the literature is conflicting as some studies have found a poor correlation
between patient mortality and inappropriate empirical antibiotic choice (23, 72). The lack
of consensus on the contribution of acinetobacter to patient mortality may be due to
multiple confounders in these studies. These include study population, study design, the
distinction between infection and colonisation in critically ill patients, and lack of
information about virulence factors (31). Although the evidence for the impact on
mortality has not been established, several studies have shown an increase in patient
hospital stay, a requirement for mechanical ventilation and increased treatment costs
(31). In general, the outcome for patients infected and colonised with A. baumannii
seems to be poor.

5. MECHANISMS OF ANTIBIOTIC RESISTANCE

In 1946, Alexander Fleming stated, “There is probably no chemotherapeutic drug to
which in suitable circumstances, the bacteria cannot react by in some way acquiring
fastness’ (resistance)” (3). This statement still holds true today, particularly with
reference to A. baumannii. This organism was susceptible to most antibiotics in the
1970s, but has now acquired a remarkable propensity to rapidly gain resistance to most
antibiotics (111).

Susceptibility studies carried out in the early 1970s revealed that acinetobacter was
susceptible to most commonly used antimicrobials, including ampicillin (60-70%
isolates), gentamicin (92.5%), chloramphenicol (57%), and nalidixic acid (97.8%) (7).
Thirty years later, A. baumannii has emerged as a multidrug resistant organism.

Antibiotic resistance in A. baumannii is diverse, and includes target gene mutation,
enzymatic modification of the antibiotic, altered membrane permeability, and
unregulated efflux pump activity (Figure 1). The efflux systems involve protein
transporters that function to reduce the concentration of an antibiotic by transporting
them across the bacterial cell membrane into the external environment.
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FIGURE 1: Diagram of the cell wall of A. baumannii.
Adapted from: Munoz-Price, LS, Weinstein, RA. Acinetobacter Infection. NEJM. 2008; 358: 1271-1281.

In a survey by the Centers for Disease Control (CDC) involving 300 hospitals in the US,
carbapenem resistance in A. baumannii increased from 9% in 1995 to 40% in 2004 (795).
In the UK, resistance to carbapenems rose from <0.5% in the 1990s to 24% in 2007
(111). Statistics from South Africa revealed that at Groote Schuur Hospital, carbapenem
resistance increased from 43-45% in 2006 to 75-78% in 2008 for A. baumannii isolates
cultured from blood (unpublished, National Antibiotic Surveillance Forum, NHLS public
sector susceptibility data, personal communication with Dr Colleen Bamford).
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5.1 INTRINSIC RESISTANCE

Acinetobacter has a cell membrane that is significantly less permeable than other Gram-
negative bacteria. Sato and Nakae demonstrated that the permeability co-efficients of
zwitterionic cephalosporins in the intact cell outer membrane of A. calcoaceticus was
two to seven times lower than the permeability coefficients of Pseudomonas aeruginosa
(97). They also demonstrated that the diffusion rates of carbapenems and zwitterionic
cephalosporins appeared to be 1-3% that of Escherichia coli membrane (97). These
authors postulated that this was due to the small number of small-sized porins in the
acinetobacter cell membrane (97).

Other mechanisms of intrinsic resistance include outer membrane proteins, such as loss
of CarO which is associated with carbapenem resistance, and the intrinsic production of
oxacillinase, OXA-51 (76).

5.2 ACQUIRED RESISTANCE

The most common mechanism to explain the rapid gain in resistance of A. baumannii is
the acquisition of plasmids, transposons and integrons, which carry clusters of
resistance genes resulting in simultaneous resistance to several antibacterials (3).
Large genomic islands containing multiple antibiotic resistance genes have been
identified in acinetobacter; for example, A. baumannii AYE, a strain epidemic in France,
contains a 86kb resistance island comprising 45 resistance genes inserted in its
chromosome (34). Some genes isolated in this resistance island mediate resistance to
beta-lactams, streptomycin, aminoglycosides, trimethoprim-sulphonamide,
chloramphenicol, tetracyclines, and rifampicin (34). A recent study revealed that MDR A.
baumannii can possess at least eight resistance determinants that give rise to its MDR
phenotype (68).

5.2.1 B-LACTAMS

Resistance to the penicillins is mediated by chromosomal beta-lactamases

(ampC). Cephalosporin resistance may be mediated by ampC overexpression through
introduction of the insertion sequence ISAba? upstream of blaampc, 0xacillinases,
changes in penicillin binding proteins (PBPs), porin loss and efflux pumps (82, 85, 95,
100). Extended spectrum beta-lactamases (ESBLs) such as PER-1, PER-2, VEB, and
CTX-M, have also been isolated in A. baumannii (81, 83, 86). Carbapenemases which
afford protection against the broad-spectrum carbapenems are also part of A.
baumannii’s armamentarium. OXA-23, an oxacillinase with carbapenemase activity, has
now been identified in more than 50 different centres in the UK (Table 2) (63). Other
carbapenemases isolated from A.baumannii include OXA-24, OXA-58, and IMP/VIM
(85). The expression of these carbapenemases are dependent on promoter sequences
within the insertion sequence, ISaba1 (98).
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TABLE 2: Oxacillinases isolated from A. baumannii.

Enzyme Geographical Location Associated IS elements
Distribution

OXA-23 Cluster Europe, Plasmid or ISAba1, ISAba4
Australia,China,
Korea, United chromosomal

States, Vietnam,
Brazil, Pakistan

OXA-24 Cluster Spain, Belgium, Chromosomal or None.

plasmid
France, Portugal,

United States

OXA-58 Cluster France, Spain, Plasmid or ISAba1, ISAbaz, ISAba3, IS

chromosomal 18
UK, Australia,

Italy, United
States, Greece
Pakistan,
Romania

OXA-51 Cluster Naturally Chromosomal ISAba1
occurring,
therefore found
worldwide.

Adapted from: Peleg AY, Seifert, H, Paterson, DL. Acinetobacter baumannii: Emergence of a Successful
Pathogen. Clinical Microbiology Reviews. 2008 (July); 21(3): 538-582.

Oxacillinase-23, OXA-64 and OXA-71 have been isolated from A. baumannii strains
from South Africa (84, 99).

Resistance to carbapenems may also be mediated by other mechanisms such as porin
losses or modifications, changes in outer membrane proteins, or rarely changes in
PBPs (25, 87).

5.2.2 QUINOLONES

Quinolone resistance is mediated mainly by mutations in GyrA and/or ParC which result
in alteration of the antibiotic target, the topoisomerases (44, 117, 118). Efflux pumps
and porin losses are additional mechanisms that A. baumannii employs to defend itself
against the quinolones. The AdeM efflux pump, a member of the MATE family, confers
resistance to norfloxacin, ofloxacin, and ciprofloxacin (107).
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5.2.3 TETRACYCLINES AND GLYCYLCYCLINES

Tetracycline resistance is mediated through several efflux pumps. These include TetA,
TetB, TetC, TetD and TetE which afford resistance to the tetracyclines and CmlIA which
affords resistance to chloramphenicol (3, 89). These efflux pumps are part of the major
facilitator superfamily (MFS) group. The AdeABC efflux pump, which is a member of the
Resistance Nodulation Division (RND) group, confers resistance to the tetracyclines,
chloramphenicol, B-lactams, aminoglycosides, erythromycin, and reduced susceptibility
to fluoroquinolones (96). Ribosomal protection by proteins TetM and TetO are another
resistance mechanism to tetracyclines (90).

Although tigecycline has only been recently introduced as a novel antibiotic, resistance
to it has been documented amongst A. baumannii strains (78, 88). The major
mechanism of resistance is an efflux pump, the AdeABC efflux pump (96).

5.2.4 POLYMIXINS

Postulated mechanisms of resistance to colistin include mutations that modify the
lipopolysaccharide that make the cell membrane more resistant to the detergent action
of this group of antibiotics, proteolytic cleavage of the drug, and activation of a broad-
spectrum efflux pump (37).

5.2.5 AMINOGLYCOSIDES

The aminoglycoside group of antibiotics include gentamicin, amikacin, tobramycin
(Figure 2), netilmicin, kanamycin and streptomycin. These antibiotics are hydrophilic
molecules, consisting of a central aminocyclitol ring linked to one or more amino sugars
by pseudoglycosidic bond(s) (66). This group of antibiotics bind specifically to 16S RNA
in the 30S ribosomal subunit of the bacterium and inhibit protein  synthesis (66). This
results in mistranslated proteins that have a fatal secondary effect on the bacterium
(66).

MNH4 HO. ;P
fs‘“
~ 0OH
HsMN H,N O  OHO
0
HO O OHO MNH-
NH, OH
OH

FIGURE 2: Chemical structure of tobramycin sulphate.

Downloaded from: www.chemicalbook,com/ChemicalPropertyProduct EN_CB6678801.htm.
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The aminoglycosides have been used as monotherapy or in combination with other
antibiotics for the treatment of acinetobacter infections. Many MDR A. baumannii retain
susceptibility to amikacin or tobramycin. In a global survey (2001-2004), 60% of
Acinetobacter spp. remained susceptible to amikacin (36). In a study performed in 2007
in private healthcare facilities in South Africa, tobramycin was the most active
aminoglycoside against A. baumannii (81% susceptible) (13).

Resistance to the aminoglycosides is usually due to decreased affinity of the drug for its
target, the bacterial ribosome, either by modification of the drug or the ribosome. The
most common mechanism amongst these mechanisms is the enzymatic inactivation of
the drug, usually by the production of aminoglycoside-modifying enzymes (AMES)
encoded by genes frequently located on transferable elements (66). These
enzymes are proteins that N-acetylate(acetyltransferases), phosphorylate
(phosphotransferases), or adenylate (nucleotidyltransferases) the aminoglycoside, thus
rendering the antibiotic inactive (Figure 3) (66). Some strains of acinetobacter contain
several aminoglycoside resistance genes. In addition, many of these AMEs are found
on genetic elements that are associated with additional resistance determinants.
Previous research on isolated strains of A. baumannii from Cape Town have shown the
presence of the AAC(3’)-1 and ANT(3”)-I enzymes(104).
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FIGURE 3: Major aminoglycoside-modifying enzymes target sites on kanamycin B.

Kanamycin B is susceptible to the largest number of enzymes. Each group of enzymes inactivates
specific sites, but each of these sites is susceptible to distinct isoenzymes (Roman numerals) with
different substrate specificities. The main clinically used aminoglycosides on which these enzymes act are
as follows: amikacin (A), dibekacin (Dbk), gentamicin (G), gentamicin B (GmB), kanamycin A (K),
isepamicin (1), netilmicin (N), sisomicin (S),and tobramycin (T).

Adapted from Mingeot-Leclercq, M-P, Glupczynski, Y, Tulkens, PM. Aminoglycosides: Activity and
Resistance. Antimicrobial Agents and Chemotherapy. April 1999, 43(4): 727-737.
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TABLE 3: Important aminoglycoside-modifying enzymes and the antibiotics modified.

ENZYME AMINOGLYCOSIDE TYPE OF ENZYME/ REFERENCE
MODIFIED
LOCATION
AAC(3)-la Gentamicin Acetyltransferase (104)

Class 1 integron

AAC(3)-lla Gentamicin, tobramycin Acetyltransferase (104)

AAC(6’)-1b Tobramycin, amikacin Acetyltransferase (104)

Class 1 Integron

AAC(6’)-1h, AAC(6’)-lad Tobramycin, amikacin Acetyltransferase (61)
Plasmid

APH(3')-la Kanamycin Phosphotransferase (104)

APH(3’)-VI Amikacin, kanamycin Phosphotransferase (62)
Mostly plasmid

ANT(2")-la Gentamicin, tobramycin Nucleotidyltransferase | (104)

ANT(3')-la Streptomycin Nucleotidyltransferase | (104)

The site of modification is indicated in parentheses. A Roman numeral and a letter are used to indicate
the pattern of resistance that they confer and to their primary sequence, respectively.

Other mechanisms of resistance to aminoglycosides include efflux pumps (AdeABC and
AbeM) (67, 71). More recently, the production of 16S rRNA methylases which are
capable of modifying the 16S RNA molecule have been described as a mechanism of
high level resistance to the clinically important aminoglycosides (27, 66, 125).

6. ANTIBIOTIC SUSCEPTIBILITY TESTING IN THE CLINICAL MICROBIOLOGY
LABORATORY

Drug susceptibility testing is performed because it serves to guide choice of
antimicrobial therapy. In addition, it serves as a predictor of patient outcome, as well as
detection of some resistance markers. Susceptibility testing may be performed using a
variety of validated methods: disk diffusion testing (Kirby-Bauer method), Epsilometer
test, agar dilution and broth microdilution. Often diagnostic laboratories are under
pressure from clinicians and hospital administrators to provide rapid and accurate
bacterial identification and susceptibility results. To accomplish this, many laboratories
have adopted the use of semi-automated and automated testing that have been
designed to reduce laboratory turn-around time, increase efficiency and improve cost-
effectiveness (106).
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Problems have, however, been detected in susceptibility testing of A. baumannii. A high
level of major errors were detected in tetracycline testing when disc diffusion was
compared to broth microdilution (108). In the same study, beta-lactam drugs posed a
problem when interpreted by broth microdilution testing (108). Problems have also been
reported with susceptibility testing of colistin (35).

Several studies have shown drawbacks of automated systems, particularly with the
identification and susceptibility testing of nonfermenting gram-negatives (58, 110, 119-
121). The testing of aminoglycosides using automated susceptibility tests has revealed
varying results. In a study comparing the Phoenix System with the MicroScan
Walkabout in terms of automated susceptibility of nonfermenting gram-negatives, there
were 8.6% minor errors associated with amikacin, 14.2% minor errors associated with
gentamicin, and 5.7% minor errors associated with tobramycin testing (106). However, a
problem with this study was that disc diffusion, not broth microdilution, was used to
resolve discrepant results (106). A recent study revealed susceptibility testing using the
Vitek®2 showed false susceptibility to amikacin in A. baumannii harbouring the armA
gene, which confers resistance to amikacin (51). Another recent study found that the
Vitek®2 incorrectly reported a third of the isolates as falsely susceptible to amikacin (2).

Errors reported by these systems can have serious consequences for the clinical
outcome of patients. The accuracy of these tests becomes paramount as available
treatments diminish. The results may encourage treatment with inactive agents, or
falsely restrict therapeutic options.

CONCLUSION

This study was proposed to inform the diagnostic laboratory on whether the Vitek®2
automated system is an accurate means of testing for tobramycin susceptibility in A.
baumannii, particularly due to the paucity of published information about tobramycin
susceptibility testing, and as tobramycin is frequently used to treat patients at our
institution. In addition, an assessment of the accuracy of the various methods in
determining sensitivity is critical as inappropriate antimicrobial therapy is associated with
increased morbidity and mortality.
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Abstract

Acinetobacter baumannii is a major pathogen causing nosocomial infections, particularly
in critically ill patients. This organism has acquired the propensity to rapidly develop
resistance to most antibiotics. At several hospitals within Cape Town, tobramycin and
colistin remain frequently the only therapeutic options. The Vitek®2 automated
susceptibility testing (AST) is used in the clinical laboratory to determine selected

susceptibility profiles. The suspicion of a possible AST-related technical error when
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testing for susceptibility to tobramycin in A. baumannii precipitated this study. Thirty-
nine A. baumannii strains isolated from clinical specimens (June-December 2006) which
exhibited MICs close to the tobramycin breakpoints were included in this prospective
study. Tobramycin susceptibility testing by AST, disc diffusion, Epsilometer test and
agar dilution was compared to broth microdilution (BMD), the reference method.
Additionally, PCR was performed to detect the aac(3)-lla gene which encodes an
aminoglycoside modifying enzyme with activity against tobramycin. The tobramycin
susceptibility results revealed errors in 25/39 isolates (10 very major and 15 minor errors)
when AST was compared to BMD (p<0.001), 12/39 (1 very major and 11 minor errors)
when Etest was compared to BMD, and 15 errors (3 very major and 12 minor errors) when
disc diffusion was compared to BMD. Additionally, the tobramycin resistance gene,
aac(3)-lla was detected in 21/25 of the discrepant isolates, confirming the resistant
phenotype detected by the reference method. Molecular typing showed that these
isolates were genetically related. Clinical laboratories using the Vitek®2 system for
routine use should consider an alternative susceptibility testing method to determine

susceptibility to tobramycin.
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Acinetobacter baumannii has gained increased notoriety as a highly-resistant nosocomial
pathogen globally. This organism has been associated with infections in immunocompromised

and debilitated patients, particularly in the intensive care (ICU) setting (2, 14).

This organism has proven to be a formidable adversary. Acinetobacter has the capacity for
long-term survival in the hospital environment (4, 9). In addition, its remarkable capacity to
acquire resistance has prompted its classification as a high priority pathogen by the
Antimicrobial Availability Task Force of the Infectious Diseases Society of America (13). Pan
drug-resistant phenotypes have been isolated in many settings (4, 5, 25). A. baumannii is
endemic in some hospitals’ ICUs in the Western Cape, South Africa. The majority of these are
multidrug-resistant organisms, retaining susceptibility only to tobramycin and colistin.
Susceptibility rates for A. baumannii isolated from blood cultures in 2006 at our diagnostic
laboratory revealed that only 55% and 57% remained susceptible to imipenem and meropenem,

respectively.

The pressure on clinical diagnostic laboratories to produce rapid identification and susceptibility
profiles has resulted in increasing use of automated microbiology systems, such as the Vitek®2
(bioMérieux). Although there are many advantages to the use of this technology, several
studies have indicated inaccurate results especially when testing non-fermenting gram-
negatives, such as A. baumannii (12, 24, 26-28). These inaccuracies have a major impact on
patient management as they may encourage the use of inactive antimicrobials in critically ill
patients. In addition, they promote the use of broader spectrum antibiotics if narrow spectrum
drugs are falsely reported as resistant. Inaccuracies with AST have been reported in the

literature regarding aminoglycoside testing (1, 7). A recent study found that up to 1/3rd of A.
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baumannii isolates (n=107) tested were incorrectly reported as susceptible to amikacin by the

Vitek®2 instrument (1).

A discrepancy between tobramycin susceptibility testing using manual methods and the Vitek®2
automated susceptibility test method alerted the clinical diagnostic laboratory to a possible
technical error, thus precipitating this study. A prospective study of A. baumannii to investigate
the accuracy of tobramycin susceptibility testing in comparison to validated susceptibility test
methods was conducted. In addition, we hypothesised that the resistance was due to the
aminoglycoside modifying enzyme, AAC(3)-1la (aminoglycoside acetyltransferase), as the gene
encoding this enzyme was previously isolated from clinical isolates of A. baumannii at our
institution (3). Pulse-field gel electrophoresis and rep-PCR using the Diversilab was also

performed to compare the clonal relatedness of these isolates.

MATERIALS AND METHODS

The study was conducted in 4 phases. In phases | and Il, the identification was performed, and
AST results were compared to the reference broth microdilution. In phase lll, the tobramycin
resistance genotype was investigated. Finally, in phase 1V, the molecular epidemiology of the

strains was determined.
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Bacterial strains. A total of 39 nonrecurring randomly collected clinical isolates of A. baumannii
were tested. These isolates were obtained from 5 hospitals in Cape Town, South Africa (Groote
Schuur Hospital, Red Cross Children’s Hospital, Victoria Hospital, Mowbray Maternity Hospital,
and G.F. Jooste Hospital) over a 7 month period (June 2006-December 2006). Most of the
isolates were obtained from various clinical specimens from patients in intensive care units, the
majority being tracheal aspirates. The isolates selected had zone diameters or MICs close to
the tobramycin breakpoints, as defined by the Clinical and Laboratory Standards Institute
(CLSI). Appropriate quality control organisms (ATCC strains) were used for all susceptibility
testing as per CLSI or manufacturer’'s recommendations. The isolates were stored on beads
(Viabank VIM tubes, Abtek Biologicals Ltd), and were passaged twice on 2% blood agar plates

(Greenpoint Media Laboratory, NHLS).

Identification. All strains were identified twice by the Vitek®2 Gram-Negative Identification card
(bioMérieux, LaBalme, France) according to manufacturer’s instructions at 0.6, and 1.0

McFarland. A percentage probability above 90% was considered an acceptable identification.

Susceptibility test methods. The susceptibilities of all isolates were tested by disc diffusion
(Oxoid, Basingstoke) and Etests (AB Biodisk, Solna, Sweden) using cation-adjusted Mueller-
Hinton medium from three commercial manufacturers [bioMérieux (Randburg, South Africa),
Bio-Rad Laboratories (Johannesburg, South Africa), and Greenpoint NHLS Media Laboratory
(Cape Town, South Africa)] according to CLSI and manufacturer’s guidelines, respectively.
These tests were performed with inocula from the same subculture. In addition, automated
susceptibility using the Vitek®2 NO-22 susceptibility card (bioMérieux) was performed twice, at

0.6 and 1.0 McFarland, respectively. The raw MICs obtained using the Vitek®2 was used for

58



analysis. Agar dilution and broth microdilution were performed on the isolates in duplicate by
two different scientists at the Research and Development Division of bioMérieux (LaBalme,
France) using cation-adjusted Mueller-Hinton medium. Results were interpreted using CLSI
criteria. Discordant results with the reference method (BMD) were classified as very major

errors, major errors, or minor errors.

Quality control organisms included Pseudomonas aeruginosa ATCC27853 and Escherichia coli

ATCC 25922 as recommended by CLSI and the manufacturer.

PCR for detection of aac(3)-lla. Genomic DNA from each isolate was extracted using the
EasyMag (bioMérieux, Durham, North Carolina) as per manufacturer’s instructions. The quantity
and quality of DNA extracted was confirmed using the Nanodrop® ND-1000 spectrophotometer
(ranged between 8-78ng/uL). Primers (F: cgc gga agg caa taa c, R: gct tct caa gat agg tg) from
previously published sequences were used (3). A. baumannii strains, previously isolated at
our laboratory and designated MOS-1 and MOS-2, were used as positive and negative

controls, respectively.(3)

The mastermix consisted of magnesium chloride (25 mM), 2.5 mM of each dNTP, forward and
reverse primers (20 pmoles each), and 2.5 U Taq polymerase in buffer made up to a final
volume of 50 pL per reaction. An initial denaturation at 95 °C for 5 minutes, followed by 35
cycles of 95 °C for 1 minute, 51 °C for 45 seconds, 72 °C for 1 minute, and a final extension at
72 °C for 5 minutes was carried out. The final reaction products were separated on a 2 %

agarose gel by gel electrophoresis, stained with ethidium bromide, and visualised under UV
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light. The amplicon sizes were estimated using a 1 kb Plus DNA molecular weight marker
(Invitrogen Life Science). A positive, negative, extraction control and water blank were included

for each gel. PCR was repeated for all negative isolates.

The amplicons from two isolates were sequenced by the DNA Sequencing Facility at the
University of Stellenbosch, Cape Town, South Africa (ABI PRISM BigDye Terminator v3.1
Ready Reaction Cycle Sequencing Kit using ABi genetic analysers) and blasted on Genbank to

determine their nucleic acid similarity.

Pulsed Field Gel Electrophoresis. The relatedness of the isolates was compared by pulsed-
field gel electrophoresis (PFGE) by an in-house protocol with minor modifications (3). Following
plug preparation and cell lysis, the plugs were digested with Apa-1 (Roche) for two hours. The
plugs were then separated on a 1.5 % PFGE agarose gel (BioRad) in 0.5X Tris buffer. The
electrophoresis was carried out in a Gene Navigator® PFGE machine (Amersham Biosciences
AB, Uppsala, Sweden) for 23 hours with the pulse time increasing from 5-45 s, after which it
was stained with ethidium bromide, destained, and photographed using a Fotodyne Inc. UV light
box and a Kodak EDAS 290 camera . The fingerprint images were analysed by Gel Compare |l
software Version 4.6 (Applied Maths, Sint-Martens-Latem, Belgium) using dice similarity index
for cluster analysis and the unweighted pair group average (UPGMA) for tree building. All
isolates with PFGE banding patterns with >87% similarity were grouped within the same cluster

(11). Banding patterns were compared with 1.5% optimisation and 1.5% band position tolerance

(11).
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In addition, rep-PCR using the Diversilab (bioMérieux) was performed by the R&D Division,

bioMérieux, La Balme, France.

Statistical methods. The ¥ 2 test was used to examine the association of the various
susceptibility testing methods and the reference method. In addition, the degree of correlation
between the test method and the reference method was determined using unweighted kappa.
Statistical tests were performed using an online statistical calculator

(http://faculty.vassar.edu/lowry/vassarstats.html). A p-value <0.05 was considered statistically

significant.

Ethics. This research received approval from the University of Cape Town, Health Sciences

Faculty, Research Ethics Committee.
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RESULTS and DISCUSSION

Characterisation of clinical isolates. All 39 isolates were identified twice by the Vitek® 2
instrument as A. baumannii with a high percentage probability( 99%). The identifications
were also subsequently confirmed by API phenotype testing performed by the R&D Division,

bioMérieux, La Balme, France.

Tobramycin susceptibility and error rates. The susceptibilities of the isolates were
determined by multiple manual and automated methods. The interpretative category errors
that were used are defined as follows: very major error ((isolate susceptible by reference
method is resistant by test method), and minor error (difference between reference method
and test method differs by 1 interpretative category). An overall category agreement error
rate of less than 10 % was considered an acceptable performance of a susceptibility test

method, which included < 1.5 % very major errors and < 3.0 % major errors (10).

The level of categorical agreement between the different methods and the reference method
(BMD) varied widely and is shown in Table 1. A statistically significant number of very major
(10 isolates) and minor errors (15 isolates) were observed when Vitek®2 AST was
compared to BMD (p<0.001). Irrespective of the testing method, no major errors were
detected (Figure 1). A recent study at the San Antonio Military Medical Centre, Texas,
United States, revealed errors with manual and automated susceptibility testing of
tobramycin (1). Very major errors were detected in 13.1% of isolates tested by Vitek®2, as
compared to 2.8 % VMEs when disc diffusion and E-tests were compared to BMD. The
authors also noted VMEs with tobramycin susceptibility testing using other automated

systems as well. Our study found a higher level of VMES, with 25.6 % detected in isolates
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tested by the Vitek®2. The use of a higher inoculum when performing AST did not have an
effect on the error rates. Although errors occurred with manual testing methods as well, we

showed that the Etest correlated the best with the reference method (k 0.5169) (Table 2).

Several studies have been conducted to evaluate automated methods for the detection of
aminoglycoside resistance amongst non-fermenters, but few of these have looked at A.
baumannii in particular. Most studies have detected problems with other aminoglycosides,
such as amikacin (1, 5). The manufacturers of the Vitek®2 and other automated systems
either suggest non-reporting or confirmation of the susceptibility result by manual methods in

these cases.

Detection of aac(3)-lla. Previous research at our institution had established that the
prevalent mechanism of tobramycin resistance amongst A. baumannii isolated at the clinical
diagnostic laboratory was an aminoglycoside modifying enzyme encoded by the aac(3-)//la
gene (8). Based on this information, PCR for the aac(3-)/la gene was performed on the 39
isolates (Figure 2). Presence of the AAC(3)-Ila enzyme was inferred by demonstration of the
gene. All isolates with a negative PCR result had a repeat PCR performed. In addition, a

16sRNA PCR was performed on these isolates to confirm the integrity of bacterial DNA.

Twenty-one of the twenty-five isolates that demonstrated discordant results (i.e. either
sensitive or intermediate by Vitek, but resistant by BMD) were found to contain the aac(3)-lla
gene (Table 1).This confirmed a possible mechanism of resistance to tobramycin. This is not
surprising as a worldwide study (which included isolates from South Africa) has shown that
the AAC(3)-Il enzyme was the commonest aminoglycoside modifying enzyme (AME)

present, accounting for resistance to aminoglycosides in 50% of isolates tested(8).
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Numerous aminoglycoside-modifying enzymes have been isolated from A. baumannii. The
aac(3)-1la gene confers resistance to gentamicin, tobramycin, dibekacin, netilmicin, and
sisomicin. This resistance profile is common amongst the Enterobacteriaceae. The AAC(3)-
Ila enzyme is the commonest resistance mechanism in the group exhibiting this resistance
profile, accounting for 84.8% of isolates (12). The aac(3)-/la gene has been detected in

21.3% of Acinetobacter spp. (12).

Another study concluded that AME genotype was an inadequate predictor of the

aminoglycoside phenotype, suggesting that multiple resistance mechanisms were operating
simultaneously (1). Although this may be true, our study showed a good correlation between
the presence of the aac(3)-/la gene and tobramycin resistance, with the gene being present

in 12/19 (63 %) isolates with tobramycin MICs 216.

Four isolates that were resistant to tobramycin by BMD lacked the aac(3)-/la gene. These
isolates likely have other mechanisms of resistance to tobramycin, such as AAC-6’ or ANT-
2", combinations of AMEs, efflux pumps or other resistance mechanisms that were not
explored further as this was not the focus of this study. Importantly, though, the failure of the
Vitek2 to detect these resistant isolates suggests a wider failure of the system to detect

tobramycin resistance.

Alarmingly, another study showed that susceptibility to tobramycin was retained in the
presence of a potentially inactivating AME gene in 8 (21.6 %) of isolates (1). We found that

just a single isolate that was susceptible by all test methods harboured the aac(3)-/la gene.
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Amplicons from two isolates (17 and 28) were sequenced and blasted. A comparison of the
sequencing data showed that they were 100% identical to the corresponding sequence of
the aac(3)-lla gene. In addition, all the AAC(3) enzymes that confer resistance to tobramycin
have a conserved threonine residue at position 74 (12). Conversion of the nucleotide
sequences to amino acid residues confirmed that the isolates selected had a threonine

residue at position 74.

Our hypothesis to explain the discrepant Vitek® 2 results is that the catalytic activity of the
AAC(3)-lla enzyme is too slow to be detected by rapid automated susceptibility test
methods, particularly with a poor substrate like tobramycin (6). Whether this has implications

on the clinical outcome of patients treated with tobramycin has yet to be determined.

Relatedness of isolates. The maijority of clinical strains were isolated from various intensive
care units from 4 different hospitals. The isolates were recovered from patients aged 4 days
to 63 years (mean 29.37 years), with an equal male to female ratio (1.06:1). The isolates
were recovered from a variety of clinical specimens, which included blood cultures (n=4),
tracheal aspirates /sputum (n=21), pus swabs (n=7), urine (n=5), and tissue/fluid cultures

(n=3).

The relatedness of the isolates was determined by rep-PCR using the Diversilab
(bioMérieux) system. The isolates clustered into 4 clones (Figure 3), with the majority of
isolates clustering in Cluster C. The results of the Diversilab confirmed the presence of a
predominant clone that was not confined to a single hospital (Table 3). In addition, isolates 3,

4 and 11 (which lacked the AAC(3’)-lla enzyme but were resistant to tobramycin), were
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scattered across clusters C and D, confirming that tobramycin resistance was not linked to a

single clone at our institution.

Pulsed field gel electrophoresis was performed to compare a representative of the two
commonest clones (C and A) with the dominant strains that had previously been isolated at
our institution (Figure 4). The MOS-1 and MOS-2 strains were isolated from the same patient
during the same period of hospitalisation at Groote Schuur Hospital (3). Isolate C2 was
highly similar to MOS-1, a tobramycin resistant strain with the aac(3)-/la gene, that had been
present in Cape Town since the early 1980s (3). Although it might have been expected that
the tobramycin resistant strains had recently emerged due to the increased use of

tobramycin at our hospitals, PFGE suggests that is unlikely.

CONCLUSION

According to our knowledge, this is the first study in South Africa that has assessed the
ability of the VITEK®2 to detect A. baumannii isolates with reduced susceptibility to
tobramycin. Tobramycin, tigecycline and colistin remain the only antibiotics available in the
public health sector that are effective against the multidrug resistant strains of A. baumannii

in the Western Cape, South Africa. Thus, accurate susceptibility testing remains critical.

The data from our study confirms the limitations of both automated and manual tobramycin
susceptibility test methods. In conclusion, the VITEK® 2 appears to be unreliable for the
detection of tobramycin resistance in A. baumannii. It appears that manual methods, such as
E-tests, may be more reliable for susceptibility testing when tobramycin is considered as a

potential therapeutic agent.
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TABLE 1. Tobramycin susceptibility testing results of the 39 isolates using different

methods.
Isolate Disc Diffusion (mm)|Etest (MIC in ug/ml)|Agar dilution (MIC pg/ml) |Vitek 0.6McF (MIC ug/ml)|Broth Microdilution (MIC pg/ml) |aac(3)-lla gene

7({0mm 256 128 >=16 >256|Absent
40{4mm >256|Present

3|3mm 32 16 256|Absent
4[10mm 16 256|Absent
27|10mm 64 32 >=16 256|Absent
31[12mm 16 16 256|Present
18 16 128|Present
36 16 128|Present
38[0mm 32 16 >=16 128|Absent
10 16 64|Present

5/11mm 32|Present

6 32|Present
11 16 32|Absent
12[9mm 32 32|Present
13{11mm 32 32|Present
17 16 16{Present
22 16{Present
23 16[{Absent
39 16{Present

8 Present

9 Present
14 Present
15 Present
20 Present
26/0mm 64 >=16 Present
32 Present
33[10mm 16 Present
42 Present
29 Absent
24 Absent
35 Absent

2 Absent
16 Absent
21 Absent
28 Present
30 Absent
34 Absent
37 Absent
41 Absent

KEY:

Red-indicates resistant susceptibility results , blue-intermediate, green-susceptible.

The blocks highlighted in yellow indicate isolates with discrepant results with confirmed

presence of aac(3)-11a gene.

68



FIGURE 1. Graph of absolute number of errors detected when each susceptibility test

method was compared to BMD.
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TABLE 2. Statistical analysis of the susceptibility test results.

Chi-squared |P-value|Unweighted Kappa|Confidence level(k)
Vitek vs BMD 18.48(<0.0001 0.0905|0-0.3041
Agar vs BMD 16.78| 0.0002 0.2215|0-0.4477
DD vs BMD 2.92( 0.2322 0.3858(0.1547-0.6169
Etests vs BMD 1.32| 0.5169 0.5329(0.313-0.7528
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FIGURE 2. Gel electrophoresis for the detection of the presence of amplicons for specimens

21-30.

Lane 1: Molecular weight mark, Lanes 1-11: Specimens 21-30, Lane 12: Positive control,

Lane 13: Negative control, Lane 14: Extraction control, Lane 15: Blank.
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FIGURE 3: Results of Diversilab typing of the 39 isolates as provided by the R&D Division,

bioMérieux.

72



TABLE 3. Stratification of Diversilab clusters by hospital and ward.

Distribution of strains across hospitals [no. (%)]

Groote Schuur Hospital Red Cross Mow GFJ Vict
Diversilab cluster (no.) |C27 D12 E26 D22 D13 Others Cl Others
A(6) 1(16.67) 1(16.67) 2(3333)  [1(16.67) 1(16.67)
B(4) 1(25) 1(25) 1(25) 1(25)
C(26) 6(23.08)  |4(15.38) 2(7.69) 1(3.84) 4(15.38)  |8(30.77) 1(3.84)
D(3) 1(33.33)  |1(33.33) 1(33.33)

Key: C27- Adult Medical ICU, D12- Adult Surgical ICU, E26- Adult Isolation ICU, D22- Adult

Cardiothoracic ICU, D13- Adult Neurosurgical ICU, C1- Paediatric ICU, Mow- Mowbray

Maternity Hospital, GFJ- G. F. Jooste Hospital (secondary level hospital), Vict- Victoria ICU

(secondary level hospital).
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FIGURE 4. Results of PFGE comparing 2 representative isolates of the commonest

Diversilab clones, A and C; and MOS-1.

A2: Isolate 16, RUH3: control strain, MOS1: clinical strain with aac(3)-1la, C2: Isolate 32,

MOS-2: clinical strain without aac(3)-/la.
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APPENDIX 1: Ethics Approval obtained from University of Cape Town, Health Sciences
=facuity, Résearch Ethics Committee.

UNIVERSITY OF CAPE TOWN
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Rescarch Eihics Committee
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Regulation Pare 50, 56 and 312
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Yours sincerely
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CHAIRPERSON, HSF HUMAN ETHICS
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APPENDIX 2: Budget
Reagents and susceptibility testing material will be sponsored by BioMerieux and Omnimed.

TABLE 1: Estimated cost of consumables

Cost(unit) Total cost
ANTIBIOTIC DISKS
Gentamicin R0.23 R35.05
Amikacin R0.23 R35.05
Tobramycin R0.23 R35.05
ETESTs
Gentamicin R29.01 R4351.50
Amikacin R29.01 R4351.50
Tobramycin R29.01 R4351.50
Vitek®2 CARDS
GN Identification cards R40 R2000
No22 Susceptibility cards

R40 R2000
TOTAL R17 159.65

The reagents and equipment utilised for the molecular aspects of the study will be obtained from the
National Health Laboratory Services and the Department of Medical Microbiology, Institute of
Infectious Diseases and Molecular Medicine, University of Cape Town.
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APPENDIX 3: Data collation

3.1 Selection of isolates

TABLE 2: Isolates collected in diagnostic laboratory from June — December 2006.

AGE/GENDER | INCLUDED | VIABILITY OF ISOLATE | REASON FOR EXCLUSION | CODE
68/F Yes Viable 15
38/F Yes Viable 12
55/M Yes Viable 24
66/F Yes Viable 8
44/F Yes Viable 4
5m/M No Non-viable Non-viable

18m/M No Non-viable Non-viable

18m/M No Non-viable Non-viable

50/M Yes Viable 23
50/M No Viable Duplicate

44/M No Non-viable Non-viable

4d/F Yes Viable 28
59/F Yes Viable 27
28/F No Non-viable Non-viable

6m/M Yes Viable 5
34/M No Viable P. putida

26/M No Viable Duplicate

26/M Yes Viable 9
37/M Yes Viable 42
17/F No Non-viable Non-viable

24/M Yes Viable 31
28/M No Non-viable

22/F Yes Viable 25
60/M No Non-viable Non-viable

66/M No Non-viable Non-viable

63/M Yes Viable 22
25/M No Non-viable Non-viable

15/F No Non-viable Non-viable

51/M No Non-viable Non-viable

4m/F No Non-viable Non-viable

46d/M Yes Viable 7
55/M Yes Viable 21
7m/F Yes Viable 10
31/F Yes Viable 26
44/F Yes Viable 38
10m/M No Non-viable Non-viable

50/F No Non-viable Non-viable

45/M Yes Viable 11
37/F Yes Viable 2
19/M No Non-viable Non-viable

43/F No Non-viable Non-viable

49/M Yes Viable 39
25/M No Non-viable Non-viable

13/F Yes Viable 16
15/M Yes Viable 30
35/M No Non-viable Non-viable
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45/F No Non-viable Non-viable
7d/F No Non-viable Non-viable
15d/F Yes Viable 18
29d/F No Non-viable Non-viable
65d/F No Non-viable Non-viable
75d/F No Non-viable Non-viable
14/F Yes Viable 13
14/F No Viable Duplicate
26/M No Non-viable Non-viable
84d/M Yes Viable 34
Outbreak Yes Viable Duplicate
Outbreak Yes Viable 36
Outbreak Yes Viable 40
Outbreak Yes Viable 35
24d/F Yes Viable 17
27/F Yes Viable 33
11m/M Yes Viable 29
46/M Yes Viable 41
22/M Yes Viable 20
56d/F Yes Viable 14
33/F No Non-viable Non-viable
33/F No Non-viable Non-viable
34/F Yes Viable 37
4m/F No Non-viable Non-viable
19/F No Viable A.haemolyticus
12/M No Non-viable Non-viable
19/M Yes Viable 32
37/M Yes Viable 6
69/F No Non-viable Non-viable
69/F No Non-viable Non-viable
45/M Yes Viable 3

N.B. Rows highlighted in yellow indicate isolates used in the study.
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3.2 Clinical data of isolates selected

TABLE 3: Clinical data of patients from whom strains were isolated

NO. | AGE/GENDER | WARD | DIAGNOSIS SPEC | DATE OF PURE/ VITEK/
TYPE | COLLECTION | MIXED MANUAL
culture susceptibility
testing
02 | 37/F cz7 Resp failure culba | 17/08 Pure Manual
03 | 45/M E26 Polytrauma culpu | 10/07 Pure Vitek
04 | 44/F ca7 Pneumonia cultr 24/07 Pure Vitek
05 | 6month/M C1ICU | AVSD cultr 23/07 Pure Vitek
06 | 37/M G5 Pyrexia culsp | 2/10 Pure Vitek
07 | 46 day/M C1ICU | Pneumonia cultr 2/10 Pure Vitek
08 | 66/F D13 Subarachnoid | cultr 23/10 Pure Vitek
haemorrhage
09 | 26/M cz7 Stab cultr 16/10 Pure Vitek
10 | 7 month/F C1ICU | Pneumonia culsp | 06/09 Pure Vitek
11 45/M D12 Head injury cultr 09/10 Mixed with | Vitek
K.pneumo
12 | 38/F D22 Post surgery cultr 16/10 Mixed; NF | Vitek
13 14/F C11ICU | Liver culsp | 09/10 Mixed with | Vitek
transplant K.pneumo
14 | 56 day/F C1ICU | Pneumonia culsp | 17/10 Mixed; NF | Vitek
15 | 68/F D24 Post surgery culpu | 21/07 Mixed with | Vitek
Entero-
coccus
16 | 13/F B1 Bronchiolitis culsp | 22/09 Pure Vitek
17 | 24 day/F Mow Sepsis cultr 17/10 Pure Vitek
NICU
18 15 day/F C1ICU | Pneumonia culur 04/07 Mixed with | Vitek
yeast,
CNS
20 | 22/M ca7 Pneumonia cultr 16/10 Pure Vitek
21 55/M D22 Post surgery cultr 09/10 Mixed, NF | Vitek
22 | 63/M ca7 Renal failure cultr 09/10 Pure Vitek
23 | 50/M Vict GSW culba | 27/08 Pure Manual
ICU
24 | 55/M D22 Post cardiac culur 04/12 Pure Vitek
surgery
25 | 22/F D12 Polytrauma culur 04/12 Pure Vitek
26 | 31/F D12 Polytrauma culur 04/12 Pure Vitek
27 | 59/F D12 Post surgery culpu | 04/12 Mixed; Vitek
E.cloacae
28 | 4day/F C11ICU | Post surgery cultr 05/12 Pure Vitek
29 | 11 day/M C1ICU | Pneumonia culba | 05/12 Pure Manual
30 15/M GJF Septic wound culpu | 21/08 Mixed; Manual
S.aureus
31 24/M D12 Polytrauma culti 06/11 Pure Vitek
32 19/M ca7 Post surgery cultr 23/10 Mixed; NF | Vitek
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33 | 27/F F25 Myeloprolifer- | culfl 21/10 Mixed; Vitek
ative S.aureus
disorder
34 | 84 day/M C1ICU | Necrotising culsp | 17/07 Mixed; NF | Vitek
fasciitis
35 | Outbreak D12 culpu | 18/08 Pure Manual
investigation
36 | Outbreak c1icuU culpu | 18/08 Pure Manual
investigation
37 | 34/F G23 TENS culsp | 05/11 Mixed; NF | Vitek
38 | 44/F ca7 Pneumonia cultr 02/11 Mixed; NF | Vitek
39 | 49/M F7 Abscess culti 27/10 Pure Vitek
40 | Outbreak c1iIcuU culpu | 18/08 Pure Manual
41 46/M ca7 COPD culba | 19/08 Pure Manual
42 | 37/M D12 Polytrauma culur 23/10 Pure Vitek

Key: This data was obtained from the NHLS Laboratory Information System.

M — male, F- female.

Wards: C27- adult medical intensive care unit (ICU) (Groote Schuur Hospital),E26- adult isolation
ICU(Groote Schuur Hospital), C1 ICU- paediatric ICU(Red Cross Children’s Hospital), G5- adult
medical ward(GSH), D13- adult neurosurgical ICU(GSH), D22- adult cardiothoracic ICU(GSH), D24-
adult cardiothoracic ward(GSH),B1- paediatric medical ward(RXH), MOW NICU- neonatal ICU
(Mowbray Maternity Hospital),VICT ICU- adult ICU(Victoria Hospital), GFJ- general male ward, GF
Jooste Hospital, F25- adult vascular surgery ward, G23- adult dermatology ward,F7- adult
neurosurgical ward.

Specimens: Culba- blood culture, Culur- urine culture, Culti- tissue culture, Culsp- sputum culture,
Culpu- Pus swab culture,Cultr- Tracheal aspirate culture, Culfl- Sterile fluid culture.

Organisms: CNS — coagulase-negative staphylococcus, NF- normal flora.

ANALYSIS OF SAMPLE INFORMATION :

Patient profiles:

Ages ranged from 4day-63 years (Mean age 29.37)
Gender profile Male: Female = 1.06:1 (19:18)

Wards

Maijority ICUs 33(including 3 outbreak specimens) 82.5%
Respiratory ICU GSH8  (20%)

Surgical ICUGSH 7 (17.5%)

Isolation ward GSH 1 (2.5%)

Cardiothoracic ICU GSH 3 (7.5%)

Neurosurgical ICU GSH 1 (2.5%)

Paediatric ICU RXH 11  (27.5%)

NICU Mowbray 1 (2.5%)
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ICU Victoria 1 (2.5%)
General wards 7 (17.5%)
General medical ward 1 (2.5%)
Cardiothoracic ward 1 (2.5%)
Paediatric high care 1

Vascular surgery ward 1
Dermatology ward 1

ENT ward 1

Surgical ward GFJ 1

Medical conditions

Respiratory (eg pneumonia) 11 (27.5%)
Trauma-related 8 (20%)

Surgery 8 (20%)

Cardiac 1 (2.5%)

Sepsis 5 (12.5%)

Vascular 1 (2.5%)

Renal 1 (2.5%)

Myeloproliferative disorder 1 (2.5%)
TENS 1 (2.5%)

Specimen types

Blood culture 4 (10%)

Pus swabs 7 (17.5%)

Tracheal aspirates/sputum 21 (14 tracheal apirates) (52.5%)
Urine 5 (12.5%)

Tissue culture 2 (5%)

Fluid culture 1 (2.5%)

Mixed/Pure cultures
Pure 26 (65%)
Mixed 14 [with other organisms(pathogens and normal flora)]

ANALYSIS OF DATA:

TABLE 4: Source of isolates

TYPE OF ICU FUMBER OF |[PERCENTAGE OF ICU ISOLATES
SOLATES
Respiratory I8 20
Surgical 7 17.5
Isolation 1 2.5
|Cardiothoracic 3 7.5
[Neurosurgical 1 2.5
Paediatric 11 27.5
[Neonatal ICU 1 2.5
Mowbray
ICU Victoria 1 2.5
TOTAL 33 [82.5
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Number of isolates received from
different intensive care units

@ Respiratory ICU

m Surgical ICU

O Isolation ward

O Cardiothoracic ICU
m Neurosurgical ICU
@ Paediatric ICU

m Neonatal ICU Mow
O ICU Vict

FIGURE 1: Graphic representation of isolates and the ICUs they were obtained from.
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3.3 Original antibiotic susceptibility testing as performed by the clinical diagnostic laboratory

TABLE 5: Antibiotic susceptibility results of isolates selected.

ISOLATE

5
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=
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42

KEY: NT- not tested, R- resistant, I- intermediate, S-susceptible.

ANTIBIOTICS: PITZ-piperacillin-tazobactam, CTAZ- ceftazidime, CPIME- cefepime, GENT-
gentamicin, AMIK- amikacin, IMI- imipenem, MERO- meropenem, CIP- ciprofloxacin, TS-
trimethoprim-sulphamethoxazole, COL- colistin.
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IDENTIFICATION AND
SUSCEPTIBILITY TESTING

Please note that although isolate 25 had some susceptibility tests performed, the remaining tests
were not performed as the isolate was not stored on beads in error. The isolate was removed from

further analysis.
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APPENDIX 4.1: Identification of isolates and susceptibility test results
SOP 1: Identification and susceptibility testing using the Vitek 2

Day 1
Single colony plates (2% blood agar) are streaked out to obtain fresh single colonies and to exclude
mixed cultures. The plates are incubated at 35°C for 18-24 hours.

Day 2
VITEK:

MATERIALS: VITEK2 DENSICHEK Kit
VITEK 2 Cassette
0.45 % sterile saline, pre-warmed
12 x 75 mm clear plastic disposable test tubes
sterile sticks
Gram-negative ID cards
No 22 susceptibility cards
Purity plates — MacConkey agar

METHOD:

1. Aseptically transfer 3.0 ml of sterile saline into a clear plastic test tube.

2. Selectisolated colonies from the single colony plate.

3. Use a sterile stick to transfer a sufficient number of morphologically similar colonies to the saline
tube. Prepare the organism suspension with a density equivalent to 0.6McFarland using the
VITEK2 DENSICHEK (bioMérieux, Durham, NC).

4. Place the suspension tube, ID card and No22 susceptibility card in the cassette.

5. Enter specimen data and load cassette into Vitek2 machine within 30 minutes.

6. Repeat procedure using organism suspension of 1.0 McFarland.

QUALITY CONTROL
Vitek GN ID cards utilised: BioMerieux, Lot 241019940, Expiry date 01/07/2007.
Results of QC strains (ATCC 27853 and ATCC 25922 are shown in the results table on the following

page.

REFERENCES:
Biomerieux, Vitek®2 ID-GNB Product Information Manual

OTHER INFORMATION:

Vitek®2 AST- NO22 Gram Negative Susceptibility Card, package insert, REF 22031.

Vitek AST-NO22 Card Antibiotic Concentrations
Gentamicin 4, 16, 32 pyg/ml

Amikacin 8, 16, 64 ug/ml

Tobramycin 8, 16, 64 ug/ml

QUALITY CONTROL
Performed as per manufacturer's recommendation.

TABLE 6: MICs for quality control organisms using the Vitek 2
Amikacin Gentamicin Tobramycin
MiC MIC MiC
E.coli <2-4 <1 <1

ATCC 25922
P.aeruginosa <2-4 <1-2 <A1
ATCC 27853
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TABLE 7: Results of identification of the 40 isolates using Vitek2 at 0.6 and 1.0 McF,

respectively.

SPECIMEN NUMBER

IDENTIFICATION

CONFIDENCE INTERVAL

2 (0.6 McF) Acinetobacter baumannii Excellent (99.0)

(1.0 McF) Acinetobacter baumannii Excellent (99.0)

3 Acinetobacter baumannii Excellent (99.0)

Acinetobacter baumannii Excellent (99.0)

4 Acinetobacter baumannii Excellent (99.0)

Acinetobacter baumannii Excellent (99.0)

5 Acinetobacter baumannii Excellent (99.0)

Acinetobacter baumannii Excellent (99.0)

6 Acinetobacter baumannii Excellent (99.0)

Acinetobacter baumannii Excellent (99.0)

7 Acinetobacter baumannii Excellent (99.0)

Acinetobacter baumannii Excellent (99.0)

8 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Very Good (94.70)

CONTROL ATCC 27853

Pseudomonas aeruginosa

Excellent(98.24)

Pseudomonas aeruginosa

Excellent(98.24)

ATCC 25922 Escherichia coli Very Good(95.0)
Escherichia coli Very Good(95.0)
9 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
10 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
11 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
12 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
13 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
14 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
15 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
16 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
17 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
18 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
20 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
21 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
22 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
23 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
24 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
25 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
26 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
27 Acinetobacter baumannii Excellent (99.0)
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Acinetobacter baumannii Excellent (99.0)
28 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
29 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
30 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
31 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
32 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
33 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
34 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
35 Acinetobacter baumanii Excellent (98.79)
Acinetobacter baumannii Excellent (99.0)
36 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
37 Acinetobacter baumanii Excellent (98.79)
Acinetobacter baumanii Excellent (98.79)
38 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
39 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
40 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
41 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
42 Acinetobacter baumannii Excellent (99.0)
Acinetobacter baumannii Excellent (99.0)
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TABLE 8: Results of antibiotic susceptibility testing using the Vitek2 AST at 0.6 and 1.0 McF,
respectively.

RESULTS OF MICs OBTAINED FROM VITEK2 AUTOMATED SUSCEPTIBILITY TESTING

VITEK 0.6 McFARLAND VITEK 1.0 McFARLAND
ISOLATE GENTAMICIN - AMKACIN TOBRAMYCIN ISEPAMICIN - NETILMICIN MECHANISM aacC2a ~ GENTAMICIN - AMKACIN TOBRAMYCIN' ISEPAMICIN NETILMICIN

2 >=16 < >4 2 Inconsistent G| Absent 16 >4 <l  Consistent
3 >=16 >=64 ) Consistent G| Absent =6 >4 > £ Consistent
4 = b >4 >=3) Consistent ~ GAIN ~ Absent 6 >4 >=64 >z3) Consistent
5 b > >=64 >=3) Consistent ~ GAIN — Present =6 >4 >=64 >z3) Consistent
6 o > 2 >4 Consistent ~ GA| Present =6 >4 1 > Consistent
1 = b >=1h >4 Consistent ~ GAT,)  Absent =6 >4 = > Conistent
§ o > 4 >4 >=3) Consistent ~ GAIN ~— Present =6 >4 4> >z3) Consistent
9 o > 2 >4 Consistent ~ GA| Present =6 >4 <l o Conistent
10 16 >=64 >=f4 >=3) Consistent~— GAIN Present >1f 4 > >=3) Consistent
11 1§ >=f 2 >=f4 Consistent~ GA| Absent 1§ >4 4 > Consistent
12 1§ >=f >=f4 >=3) Consistent~— GAIN Present 1§ >4 >=f >=3) Consistent
13 >1f 4 >=f4 >=3) Consistent~ GIN Present >16 2 >4 >=3) Consistent
14 1§ >=f 2 >=f4 >=3) Consistent~— GAIN Present 1§ >4 2 >4 >=3) Consistent
15 >1f 4 >=f4 >=3) Consistent— GIN Present 1§ >4 2 >4 >=3) Consistent
16 < >=f4 < >=f4 2 heonsistent Al Absent <1 s (SR 2 hconsistent
17 >=16 4 >=f4 >=3) Consistent ~ G,IN Present >=16 4> >=3) Consistent
18 16 >=b4 >4 >=3) Consistent~ GAIN — Present 16 >4 [ >=3) Consistent
i b < >4 Consistent~ GA Present =6 >4 <l o Conistent
2 <1 >=f4 <1 >=f4 2 hconsistent Al Absent S (S 2 Inconsistent
2 16 >=b4 < >4 Consistent ~ GA| Present 16 >4 IS Consistent
PA] >=16 16 < >4 1 Consistent G Absent >=16 16 <l b 7 Consistent
U > << < 2 4 Consistent G Absent > < < 2 £ Consistent
P >1f < >=f4 4 Consistent G| NT >1f (SR 4 Consistent
% 1§ >=f >1 R Consistent~ GATI Present 1§ >4 16 >=4 Consistent
u 1§ >=f >1 >=4 4 Consistent ~ GAT) Absent [ JE <16 >=4 4 Consistent
% >=f4 < >=f4 2 hconsistent Al Present SRS (SR 2 hconsistent
0 1§ >=f 2 >=f4 >=3) Consistent~— GAIN Absent 1§ >4 2 > >=3) Consistent
Rl >1f < >=f4 2 hconsistent G| Absent >=1f IS 2 hconsistent
b] 1§ >=f 4 >=f4 >=3) Consistent -~ GAIN Present 1§ >4 4 > >=3) Consistent
by) = >=H < >4 >=3) Consistent ~ GAIN — Present =6 >4 <l o >z3) Consistent
B o > 4 >=64 >=3) Consistent ~ GAIN ~— Present 6 >4 1 >l >z3) Consistent
U < <) < < <1 Consistent Absent < <] < < <=1 Consistent
% >=16 < >4 £ Consistent G Absent >=16 16 <l 7 Consistent
3 o > 4 >=64 >=3) Consistent ~ GAIN ~— Present 6 >4 4> >z3) Consistent
i >=16 < > £ Consistent G Absent >=16 16 (S 7 Consistent
3 o > >=1 >=64 ) Consistent ~ GATI ~ Absent =6 >4 > ) Consistent
R 1§ >=f4 2 >=f4 8 Consistent ~ GAIN Present 1§ >4 2 >4 Consistent
4 1§ >=f4 4 >=f4 >=3) Consistent~— GAIN Present 1§ >4 4 > >=3) Consistent
4 = <« < < ) Consistent G Absent e <) < 2 £ Consistent
) 1§ >=f4 2 >=f4 >=3) Consistent~— GAIN Present 1§ >4 2 >4 Consistent
(C: P. agruginosa ATCC 27853 <t @ < <t <=1 Consistent <@ <t <l <! Consitent
QC: E.coll ATCC 25922 <= <z < <= <=1 Consistent < <z < < <=1 Consistent

q 0

R 4

TOTAL 40

92



SOP 2: Disc Diffusion Testing

MATERIAL: Mueller-Hinton agar (3 different brands: BioRad, BioMerieux,Greenpoint)

Antibiotic discs(Oxoid)- Gentamicin (10 ug)
Amikacin (30 ug)

Tobramycin(10ug)
METHOD:

1. Select isolated colonies from single colony plate.

2. Using a sterile stick to transfer a sufficient number of morphologically similar colonies
to the saline tube. Prepare the organism suspension with a density equivalent to
0.5McFarland.

3. Whirl out suspension on to Muller Hinton agar(MHA) (x 3 different brands of MHA).

4. Leave for 3-5 minutes to allow for any excess surface moisture to be absorbed.

5. Apply aminoglycoside-impregnated discs using disc tabbing device. Each disc must be
pressed down to ensure complete contact with the agar surface. The discs must be evenly
distributed (>24mm from centre to centre).

6. Invert plates and incubate within 15 minutes at 35 degrees Celsius under aerobic conditions

for 24 hrs.

READING PLATES AND INTERPRETING RESULTS: See Performance Standards for Antimicrobial
Susceptibility Testing; 16" Informational Supplement, M100-S16, Vol. 26 No.3, January 2006, CLSI.

After 18-24 hrs of incubation, examine each plate. The zones of inhibition will be uniformly
circular and there will be a confluent lawn of growth. If individual colonies are visible, the
inoculum was too light and the test must be repeated.

Measure the diameters of the zones of complete inhibition, including the diameter of the disc.
Measure the zones to the nearest millimetre, using a sliding caliper, which is held on the back
of the inverted petri plate.

The zone margin is considered the area showing no obvious, visible growth that can be
detected with the unaided eye. If any discrete colonies appear within the zone of inhibition,
the test will be repeated with a pure culture. If colonies continue to grow within the zone of
inhibition, measure the colony-free inner zone.

The sizes of the zones must be interpreted according to Table 2B2 (Performance Standards
for Antimicrobial Susceptibility Testing; 16" Informational Supplement, M100-S16, Vol. 26
No.3, January 2006, CLSI.)

FIGURE 2: Example of disc
diffusion testing on Mueller-Hinton
agar

Image downloaded from:
diverge.hunter.cuny.edu/~weigang/I
mages/20-17_diskdiffusion.jpg

g 1 D750 = g s P g v b g gy
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QUALITY CONTROL

Performed for each new lot number. See results on next page.

Control organisms — E.coli ATCC 25922 and P. aeruginosa ATCC 27853.

TABLE 9: Lot numbers and expiry dates of reagents used for disk diffusion testing.

LOT NUMBER EXPIRY DATE

MUELLER HINTON AGAR:

Greenpoint Nil 21-02-07
Bio-Rad 2418D 13-04-07
BioMerieux 807673101 16-01-07
ANTIBIOTIC DISCS:

Amikacin 05-2009
Gentamicin 461298 07-2009
Tobramycin 450224 05-2009

REFERENCES:

Performance Standards for Antimicrobial Disk Susceptibility Tests, Approved Standard- 9" edition,
M2-A9 Vol. 26 No. 1, January 2006, Clinical and Laboratory Standards Institute.

Performance Standards for Antimicrobial Susceptibility Testing; 16" Informational Supplement, M100-
S16, Vol. 26 No.3, January 2006, CLSI.
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TABLE 9: Results of disk diffusion testing

GENTAMICIN
ISOLATE  BIOMERIEUX BIO-RAD  GREENPOINT
N2 NZ NZ
INZ NZ NZ
4Nz NZ NZ
5NZ NZ NZ
6Nz NZ NZ
Nz NZ NZ
Nz NZ NZ
9Nz NZ NZ
10Nz NZ NZ
(i NZ NZ
12Nz NZ NZ
13N NZ NZ
14Nz NZ NZ
15Nz NZ NZ
16 21mm 2mm - 22mm
17Nz NZ NZ
18Nz NZ NZ
N2 NZ NZ
2 2mm 2mm 2mm
2Nz NZ 11mm
23 8mm 8mm 9mm
UNZ NZ NZ
BNZ NZ NZ
6 NZ NZ NZ
ANz NZ NZ
28 20mm 2mm 21mm
0NZ NZ NZ
Nz NZ NZ
N2 NZ NZ
2Nz NZ NZ
BNz NZ NZ
34 21mm 2nm o 2mm
BNz NZ NZ
BNz NZ NZ
SNz NZ NZ
BNz NZ NZ
Nz NZ NZ
N2 NZ NZ
4Nz NZ NZ
QNz NZ NZ
AC: E.col 2mm Qmm 20mm
QC: P.aeruginosa 19mm fomm 20mm

OVERALL RESULT

RESISTANT ()
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
SENSITIVE (22mm)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (NZ)
SENSITIVE (21mm)
RESISTANT (4|
RESISTANT 3mn)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
SENSITIVE (22nm)
RESISTANT (2)
RESISTANT N2
RESISTANT N2
RESISTANT N2
RESISTANT (Z)
SENSITIVE (22mm)
RESISTANT (Z
RESISTANT (NZ
RESISTANT (NZ
RESISTANT (Z
RESISTANT (Z
RESISTANT (NZ
RESISTANT (Z
RESISTANT (Z
INRANGE

INRANGE

)
)
)
)
)
)
)
)

NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
Omm
8mm
Tmm
Bmm
8mm
9mm
8mm
Omm
8mm
8mm
10mm

8mm
8mm
20mm

20mm
NZ
NZ
NZ
NZ
NZ
NZ
20mm
Nz
2mm
21mm

DATA COLLECTION SHEET: DISC DIFFUSION TESTING
AMIKACIN
BIOVERIEUX BIO-RAD GREENPOINT

NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
mm
mm
NZ
fmm
mm
fmm
NZ
Bmm
NZ
NZ
mm
NZ
fmm
22mm
NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
23mm
NZ
NZ
NZ
NZ
NZ
NZ
21mm
NZ
2mm
22mm

95

NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
8mm
Bmm
mm
9mm
Tmm
12mm
NZ
9mm
9mm
8mm
9mm
8mm
9mm
24mm
NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
23mm
NZ
NZ
NZ
NZ
NZ
NZ
2mm
NZ
21mm
24mm

OVERALL RESULT

RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (NZ)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (omn)
RESISTANT (3|
RESISTANT (5|
RESISTANT (3|
RESISTANT (7|
RESISTANT (10mn)
RESISTANT (3mn)
RESISTANT (omn)
RESISTANT (G
RESISTANT (3
RESISTANT (omn)
RESISTANT (5|
RESISTANT (3mn)
SENSITIVE (22mm)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
SENSITIVE (22mm)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (Z)
RESISTANT (NZ)
RESISTANT (NZ)
SENSITIVE (21mm)
RESISTANT (Z)
SENSITIVE (22mm)
SENSITIVE (22mm)

BIOVERIEUX BIO-RAD  GREENPOINT

19mm
10mm
10mm
11mm
1dmm
NZ
12mm
15mm
13mm
13mm
9mm
11mm
14mm
15mm
2mm
13mm
13mm
15mm
23mm
15mm
19mm
20mm
20mm
NZ
NZ
23mm
14mm
20mm
12mm
15mm
10mm
2mm
20mm
13mm
20mm
NZ
14mm
NZ
20mm
14mm
21imm
24mm

TOBRAMYCIN

mm - 18mm
NZ NZ

fmm 11mm
fam 11mm
mm 15mm
NZ NZ

B3mm tdmm
fomm  16mm
B3mm 13mm
3mm 13mm
Bmm 9mm
fom - 13mm
fomm tdmm
fomm  15mm
25mm 2mm
B3mm 13mm
2mm - 13mm
fomm  15mm
25mm 2mm
fomm  16mm
2nm 2mm
2mm - 23mm
2nm - 2mm
NZ NZ

NZ NZ

dnm - 2mm
fomm  tdmm
mom 2mm
fam— 12mm
1Bmm  16mm
f0mm 10mm
2dnm - 22mm
2mm - 20mm
B3mm 13mm
2mm - 20mm
NZ NZ

fomm  16mm
Bom NZ

2nm 2mm
fmm  tdmm
2nm 20mm
2dmm - 25mm

OVERALL RESULT

SENSITIVE (19mm)
RESISTANT (3rn)
RESISTANT (10mn)
RESISTANT (f1mm)
INTERMEDIATE (t4m)
RESISTANT (Z)
INTERMEDIATE (13|
SENSITVE (15mm)
INTERMEDIATE (13|
INTERMEDIATE (13|
RESISTANT (4mn)
RESISTANT (11|
INTERMEDIATE (t4m
SENSITVE (5mm)
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SOP 3: Epsilometric tests (E-Tests)

MATERIALS: 0.85 % saline
Sterile swabs
Etest strips — gentamicin, amikacin, tobramycin
Mueller-Hinton agar ( depth 4mm) from 3 different suppliers

METHOD:

1. Remove Etest package from freezer (-20 degrees Celsius) and allow the strips to reach room
temperature for approximately 30 minutes.

Homogenize individual viable colonies from a 24hr agar plate in saline.

Adjust the turbidity to 0.5 McFarland.

Ensure agar surface is dry before inoculation. Dip a swab in the inoculum, remove excess fluid
and swab the entire agar surface evenly in 3 directions.

Allow the agar surface to dry for 10-15 minutes on the bench.

Place the Etest strips to the agar surface with a sterile forceps. Once the strip is on the agar, do
not move it.

Incubate the plate at 35 degrees Celsius under aerobic conditions for 24 hrs.

N o0 sO0ON

READING AND INTERPRETATION:
1. Read plates after 24hrs incubation only if sufficient growth is seen and the inhibition ellipse is
visible.
2. Read the MIC where the ellipse intersects the scale.
3. Read the endpoint at complete inhibition of all growth including hazes and isolated colonies.

FIGURE 3: Example of an Etest.
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QUALITY CONTROL
Performed once (as per manufacturer’s instructions) for each lot number of Etests used.

Control organisms — E.coli ATCC 25922 and P. aeruginosa ATCC 27853.
Gentamicin Etest Lot No BG 2559 Expiry 2011/09

Amikacin Etests Lot BG 1765 Expiry 2011/03

Tobramycin Etest Lot BG 2671 Expiry 2011/03

REFERENCES
Etest Technical Guide 3B, AB BIODISK
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Etest Application Sheet, EAS 004, AB BIODISK, 2004

TABLE 10: Epsilometric susceptibility test results

ISOLATE

oo —1 o> v B~ o O

QC:Ecol
(C:P.agruginosa

GENTAMICH
BIOVERELX BIO-4D
)
B
B
B
B
B
B
B
B
B
B
B
B
B
) )
B
B
B
) )
B
)
o)
0w
B
B
2(15) )
B
B4 B
B
%%
B
2(15) i
v
B
0w
BN
B
B
)
B
| w
) !

DATA COLLECTION SHEET: EPSILOMETRIC TESTING (ETESTS)

OVERALL RESULT

GREENPOINT

30 RESSTANT (2)
5050 RESISTANT >256)
05 RESSTANT b250)
05 RESSTANT b250)
05 RESSTANT b250)
05 RESSTANT p250)
5050 RESISTANT >256)
5050 RESISTANT >256)
5050 RESISTANT >256)
5050 RESISTANT >256)
5050 RESISTANT >256)
05 RESSTANT b250)
05 RESSTANT b250)
05 RESSTANT b250)

4(3) SENSTVE )
05 RESSTANT 250
5050 RESISTANT >256)
5050 RESISTANT >256)

2 SENITIVE )
5050 RESISTANT >256)

30 RESSTANT (2)

16 RESISTANT

30 RESSTANT (32
05 RESSTANT 250
05 RESSTANT p250)
2(15) SENSTIVE)
5050 RESISTANT (>256)

30 RESSTANT
5050 RESISTANT >256)

256 RESISTANT (250
05 RESSTANT 250

1 SENSTTIVE
16(12) RESKTANT
05 RESSTANT p250)

30 RESSTANT (32
5050 RESISTANT >256)
5050 RESISTANT >256)
5050 RESISTANT >256)

30 RESSTANT (2)
5050 RESISTANT >256)

1 INRANGE
) NRANGE

S S

AMKACN
BIOVERELX BIORAD

mo Sk
B
%o
0w ()
B %
B
B
B
B
B
B
B
B
TR
B
B
B
B
TR
B
B
{ !
B 5
N
SR
w1
B
mom
mom
B
B
) )
w1
w1
mwe
moom
B
w0
i) !
B
) )
! !

OVERALL RESULT

GREENPOINT

18 RESISTANT
505 RESISTANT 256
250 142) RESISTANT 56
18 RESISTANT
8 RESISTANT
525 RESISTANT
25 RESISTANT
25 RESISTANT
25 RESISTANT
25 RESISTANT
25 RESISTANT
525 RESISTANT
525 RESISTANT
B4 RESISTANT
525 RESISTANT 256
505 RESISTANT 56
505 RESISTANT 256
505 RESISTANT 256
B4 RESISTANT
505 RESISTANT 256
05 RESITANT 256
2(15) SENSTTIVE
250 RESISTANT (625
525 RESISTANT 56
505 RESISTANT 256
B4 RESISTANT
5050 RESISTANT 256
128 RESISTANT 12
108 RESISTANT 12
05 RESITANT 256
505 RESISTANT 56
4t} SENSTTVE
B4 RESISTANT
18 RESISTANT 12
B4 RESISTANT
128 RESISTANT 12
505 RESISTANT 256
128 RESISTANT 12
46} SENSTTIVE
505 RESISTANT 256
1 INRANGE
) INRANGE

>2%)
>2%)
>2%)
>2%)
>2%)
>2%)
>2%)
>2%)

TOBRANYC

BOVEREUX BIORAD
) )
TR
11 1
1)
! !
Hi) %
13 b
13 b
)
I ]
I
1 1
Bl b
13 b
M5 2
f 1
(1) 1
T
05 2y
B 8
) )
) )
) )
o
TR
10
13 b
) )
1 1
! !
f 1
2(15) w
05 21
b ;
20521
R
T
13 b
) )
13 b
f f
f w

OVERALL RESULT

GREENPOINT

2(15) SENSTTVE ()
B4 (48) RESISTANT
112) RESISTANT
8 INTERVEDIATE 3
4 SENSTIE 4
255 RESISTANT (256)
B(6) INTERMEDIATE 3
B(6) INTERMEDIATE 3
16 RESISTANT (16
112) RESISTANT (16
30 RESSTANT (%)
B4 48) RESITANT
8 INTERVEDIATE 3
8 INTERVEDIATE 3
2(15) SENSTINE 1)
16(12) RESISTANT (6
16 RESISTANT (16
4 SENSTTIVE 4
2(15) SENSTTVE ()
4 INTERMEDITE ()
2 SENITIVE )
1 SENSITIE
2 SENSTVE )
B4 48) RESITANT
B4 RESISTANT (4
1 SENSITIVE
8 INTERMEDITE ()
2 SENITIVE )
19(12) RESITANT 1)
4 SENSITIVE
15 RESITANT
1 SENSITIE
2(15) SENSTTNE 1)
8 INTERVEDIATE 3
2(15) SENSTINE 1)
30 RESSTANT
B(6) INTERNEDIATE
B(6) INTERMEDIATE 3
2 SENSITIVE
B(6) INTERMEDIATE 3
05 INRANGE
15 INRANGE

97




4.4 AGAR DILUTION RESULTS

Agar dilution susceptibility testing was performed and analysed used CLSI criteria by the R&D
Division, Biomerieux, France. The testing was done in duplicate by 2 different scientists.

TABLE 11: Agar dilution susceptibility test results

ISOLATE TECH1 |TECH2 |RESULT
2|<=0.5 <=0.5 S
3 16 16|R
4 8 8]l
5 8 8]l
6 2 2|S
7 128 128(R
8 4 4(S
9 2 2|S
10 4 4(S
11 4 4(S
12 8 8]l
13 4 4(S
14 4 4(S
15 4 4(S
16|<=0.5 <=0.5 S
17 2 2|S
18 4 4(S
20 2 2|S
21|<=0.5 <=0.5 S
22 2 2|S
23|<=0.5 <=0.5 S
24|<=0.5 <=0.5 S
25|NT NT NT
26 2 2|S
27 32 32(R
28|<=0.5 <=0.5 S
29 2 2|S
30({<=0.5 <=0.5 S
31 16 16|R
32 2 2|S
33 4 8]l
34(<=0.5 <=0.5 S
35(<=0.5 <=0.5 S
36 16 16|R
37(<=0.5 <=0.5 S
38 16 16|R
39 2 2|S
40 4 4(S
411<=0.5 <=0.5 S
42 4 4(S
ATCC 256922 (<=0.5 <=0.5
ATCC 27853 (<=0.5 <=0.5
ATCC 25923 (<=0.5 <=0.5
ATCC 29213 (<=0.5 <=0.5
ATCC 35218 (<=0.5 <=0.5
ATCC 29212 4 4
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4.5 BROTH MICRODILUTION RESULTS

Broth microdilution was performed according to CLSI guidelines by the R&D Division, Biomerieux,
France. The testing was done in duplicate by 2 different scientists.

TABLE 12 : Results of Broth Microdilution Testing

BROTH MICRODILUTION
GENTAMICIN AMIKACIN TOBRAMYCIN aacC2a
ISOLATE |[CCH IC RESULT |CCH CD RESULT |CCH VM RESULT
2 64 64|R 256 256|R 1 1|S Absent
3 >256) >256R 256 256|R 128 256|R Absent
4 >256) >256R >256 >256 R 64 256|R Absent
5 >256 >256(R 128 256|R 32 32(R Present
6 >256) >256R >256 >256 R 8 32|R Present
7 >256) >256R >256 >256 R >256 >256 R Absent
8 >256) >256R 256 >256R 8 8|l Present
9 >256) >256R 128 >256(R 4 8|l Present
10 >256) >256R 256 256|R 32 64(R Present
11 >256 >256 R >256 >256 R 32 32(R Absent
12 >256) >256R >256 >256 R 32 32|R Present
13 >256 >256 R 128 128|R 32 32(R Present
14 >256 >256 R 256 256(R 8 8|l Present
15 >256) >256R 128 256|R 8 8|l Present
16 1 11S >256 >256 R 1 11S Absent
17 >256 >256 R 128 256(R 16 16(R Present
18 >256) >256(R 128 >256(R 16 128(R Present
20 >256 >256R 128 256|R 4 8|l Present
21 1 11S 64 128|R 0.5 11S Absent
22 >256) >256(R >256 >256R 8 16|R Present
23 >256) >256(R 256 256(R 8 16|R Absent
24 >256 >256 R 2 8|S 2 2|S Absent
25 NT| NT| NT] NT] NT] NT| NT| NT| NT| NT
26 >256) >256(R 2 4|8 4 8|l Present
27 >256 >256 R >256 >256 R 128 256(R Absent
28 1 11S 256 256|R 1 1|S Present
29 >256) >256(R 256 >256(R 4 4|S Absent
30 >256) >256(R 256 256|R 1 11S Absent
31 >256) >256(R 128 >256(R 32 256|R Present
32 >256) >256(R 128 256|R 4 8|l Present
33 >256) >256(R 256 >256(R 8 8|l Present
34 1 11S 2 2|S 1 0.5|S Absent
35 256 256|R 256 256|R 2 2|S Absent
36 >256) >256(R 256 256|R 64 128|R Present
37 32 64|R 256 256|R 1 1|S Absent
38 256 256|R 128 128(R 64 128(R Absent
39 >256) >256(R >256 >256 R 4 16|R Present
40 >256) >256(R 256 >256(R 16 >256(R Present
41 64 64|R 2 4|S 1 1|S Absent
42 >256 >256 R >256 >256 R 8 8|l Present
ATCC 25922 <=0.5(? 0.25-1 2 2|0.5-4 <=0.5 <=0.5/0.251
ATCC 27853 1 110.5-2 2 2|1.0-4.0 <=0.5 <=0.5/0.25-1
ATCC 25923 <=0.5 0.5 NT] 1 4 4
ATCC 25213 <=0.5 0.5/0.12-1 1 111.0-4.0 <=0.5 <=0.510.12-1
ATCC 35218 <=0.5 1 2 2 1 1
ATCC 29212 4 4(4.0-16.0 64 64(64-256 4 418.0-32.0

KEY: NT-Not tested, ATCC- American Type Culture Collection, CCH/ IC/CD/VM-different
scientists who performed testing, R-resistant, I-intermediate, S-susceptible.
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TABLE 13: Summary of tobramycin susceptibility testing

DATA COLLATION : TOBRAMYCIN
SPECIMEN NUMBER][DISK DIFFUSION [ETEST _ [VITEK 0.6[VITEK 1.0]AGAR DILUTION [BROTH MICRODILUTION CLONES

s 5 5 5 5 I

DO »®]|n|n|nfn

DER AR RRR
n[o[n]n i nln i n[on[n izmwmmwmwmwwm

nlw(n|ln

KEY: R- resistant, |- intermediate, S- susceptible.
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GENETIC ANALYSIS OF STRAINS
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PCR for aac(3)-lla gene:

DNA extraction was performed using the NucliSens Lysis Buffer (bioMerieux), NucliSens Magnetic
Extraction Reagents (bioMerieux) and EasyMag (bioMerieux) as per manufacturer’s instructions.

Example of nucleic acid extraction worksheet used in the study

EXTRACTION WORKSHEET NUMBER :

METHOD OF EXTRACTION : EasyMag® 2.0 (bioMerieux) DATE : 05/11/2009
BSL CABINET NO : TB Cabinet 2 OPERATOR : Mischka
INCUBATOR: N/A

INSTRUMENT NUMBER : 00897

PCR STORAGE | NO SAMPLE | VOLUME ELUTION | COMMENTS
TYPE TYPE EXTRACTED | VOLUMES
0.010ml 50ul

TABLE 14: Reagents used for DNA extraction

LOT Number Expiry date Manufacturer

NucliSens® Lysis 09020501 2011-01 bioMerieux
Buffer (2ml)

NucliSens® Magnetic | Z011AAIMS 2011-01 bioMerieux
Extraction Reagents

Extraction Buffer 1 Z011EA 2011-05 bioMerieux
Extraction Buffer 2 Z010LA 2010-10 bioMerieux
Elution Buffer Z010GC 2010-07 bioMerieux

102




Following extraction, the quantity and quality of the DNA extracted was assessed using the Nanodrop.

ACINETOBACTER SPECTROPHOTOMETRY:

Absorbance measurements were used to assess the quantity and purity of DNA extracted. A ratio of
>1.8 was accepted as “pure” for DNA.

The Nanodrop® ND-1000 (Nanodrop Technologies, Inc.) spectrophotometer was utilised. See SOP
on next page.
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NANODROP INSTRUMENT

OBJECTIVE Instructions on how o use the nanodrop instrument for measurement of DNA / PCR
concentration.

RESPONSIBILITY
Perform test: Technician / Technologist who is trained and deemed competent in molecular biology
fechnigues

PRINCIPLE
Spactrophotomalric measuremeants

PEC
Extracted OMA/RMA in solution or cleaned PCR product

PROCEDURE

- & O e

LS

Start up:

Switch unit on at wall

Start computer and double click on (he Nanodrop icon on Soreen.

Select USER and cfick on module - *Nucleic Acid” far the measurement of DNA concentration,
Initialization:

When software starts up a pop up screen will appear - load water sample onto the lower
measurement padestal, lower the sampling arm, and then dlick “0K”, After dicking “OK” the
message "Intializing Spectrometer - please wait” will appear.

When the message disappesrs the instrumant Is ready to use. (All data will be logged in the
approprate archive file)

Blank measurement: Sclvents often absorb in the UV range and therefore it is critical 1o blank
the instrument an exactly the same material that the sample is suspended in,

Ensure measuremant pedestal surfaces are clean

Load a bitank sample {1 5ul) of DNA hydration solution (or other camier solution used for samples)
onia the lower padestal and lower the sampling arm. Lise a 2ul pipetia.

Click the “Blank” button on screen,

Once blanking complete — wipe blanking solution from bolh pedestals

Analyze an aliquot blank soluticn as if i was a sample. Use the "Maasure™ button on screen, The
result should bé a spectrum with a relatively flat baseline. Wipe the blank from the pedestals and
repeat until the spectrum is flat.

Sample measurement:

For increased accuracy (optional): Heat DNA samples to 55°C and vorlex before measurement,
Ta prevent DMA sample contaminations transfer an aliquet of the sample to be measured (Sul) to
a clean tube and use this for guantitation

PCR preduct must be cleansd of dNTP's and primers

Type in sample 1D in the space provided on screen.

Place 1,5ul sample on lower pedestal, lower arm and click on “Measure” button on screen.

Data will sutomalicaily be siored in the Nanodrop data archive file on "C” drive.

Lift arm and wipe the pedestal well before applying next sample. To prevent carry over an aliquot
of water can be applied fo the padestals and wiped well.

Shut down
Ensure the pedestals are cleaned after last sample. Close program on computer and switeh off
Manodrop at wall,

in the event of & dispute conceming this decument. the electronic version stored on Q-Pulse will be deomed to be
the carrect version

MNationa! Health Laboratory Service- All rights reserved
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ETA L
The Nancdrop will acourately measure dsDNA / PCR samples up to 3600ng/m! without dilution

Validation of the tesT

= Samples can be compared with results from a spectrophometar using a larger volume. Results
compare with 10% from instrument to instrument.

# Absolute accuracy of DMA concentration for PCR s not necessary. PCR can amplify any amount
of DNA from onie copy to millions, Purity of DNA is more important as contaminants sueh as
hemogicbin inhibit the PCR reaction.

ENTERING OF RESULTS
Record resufts on work sheat

Proceedure for abnormal results

If an abrormal result is cbtained receat the measurement.

If the rafio |s poor repeat the DNA extraction

If no ONA i= recorded repaat the DMA extraction.

Concentraied samples (greater than 3600ng/mi) dilute the sample and repeat the measurement

In the swent of o digpute concerning this documant, the electronic varsion stored on O-Pulse will be desmed 1o be
tha correet version
National Health Laboratory Service- All rights reserved
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TABLE 15: Results of photospectrometric measurements using the Nanodrop

Sample ng/pL A260 A280 260/280
1 39.92 0.658 0.327 2.01
2 19.21 0.384 0.199 1.93
3 28.06 0.561 0.280 2.00
4 38.20 0.764 0.379 2.02
5 28.60 0.572 0.285 2.01
6 29.80 0.596 0.310 1.92
7 26.61 0.532 0.258 2.06
8 24.35 0.487 0.207 2.36
9 43.05 0.861 0.473 1.82
10 32.65 0.653 0.268 2.43
11 38.87 0.777 0.381 2.04
12 45.55 0.911 0.439 2.08
13 18.38 0.368 0.195 1.89
14 55.65 1.113 0.541 2.06
15 22.12 0.442 0.218 2.03
16 31.21 0.624 0.320 1.95
17 17.51 0.350 0.200 1.75
18 35.23 0.705 0.366 1.92
19 49.42 0.988 0.485 2.04
NEG1(Extraction Control) 2.07 0.041 0.056 0.74
20 39.49 0.790 0.381 2.07
21 50.27 1.005 0,504 1.99
22 47.85 0.957 0.455 2.10
23 29.97 0.599 0.282 2.12
24 35.01 0.700 0.345 2.03
25 42.20 0.844 0.414 2.04
26 32.77 0.655 0.330 1.98
27 28.91 0.578 0.288 2.01
28 51.39 1.028 0.478 2.15
29 30.64 0.613 0.286 2.14
30 8.33 0.167 0.089 1.87
31 51.60 1.032 0.493 2.09
32 50.29 1.006 0.474 2.12
33 51.98 1.040 0.496 2.10
34 13.26 0.265 0.131 2.02
35 64.14 1.283 0.618 2.07
36 67.88 1.358 0.633 1.95
37 78.78 1.576 0.742 2.12
38 55.69 1.114 0.532 2.10
39 21.10 0.422 0.203 2.08
NEG2(Extraction Control) 2.40 0.048 0.038 1.26
MOS-1(Positive Control) 1140.58 | 22.812 | 10.773 | 2.12
Positive control 1:100 dilution 31.71 0.634 0.350 1.81
MOS-2(Negative Control) 85.25 1.705 0.845 2.02

For a PCR product between 100-200bp long, a minimum 1-3ng of DNA is required. Therefore to
detect a PCR product of 786bp, a minimum of 4-12ng of DNA will be required. The nanodrop
confirmed the quantity of DNA extracted which ranged from 8.33 to 78.78 (average 62.2ng).
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POLYMERASE CHAIN REACTION FOR aac(3)-lla

MASTERMIX:

TABLE 16: Contents of mastermix

Per reaction

H,O 23.5 uL
Buffer 10 L
MgCl, (25mM) 6 pL
dNTPs (2.5 mM of each dNTP) 4 pL

Forward Primer (10picomoles/ pL) 2 uL

Reverse Primer (10picomoles/ yL) 2 uL

Taq polymerase (5U/ pL) 0.5 uL
Template 2 uL
Total 50 uL

TABLE 17: Details of reagents used

REAGENTS LOT NO EXPIRY DATE MANUFACTURER
GoTag® Flexi DNA #25803910 17/06/2010 Promega Corporation
Polymerase

Magnesium chloride #25803910 17/06/2010 Promega Corporation

Molecular weight
marker(1kb Plus DNA
Ladder) 1ug/uL

Cat No 10787-018

e-invitrogen

Forward and Reverse
Primers

Obtained from
Tsungai Jongwe,
Division of Medical
Microbiology.

TABLE 18: Details of equipment used

EQUIPMENT MANUFACTURER
Nanodrop ND 1000 NanoDrop
spectrophotometer Technologies, Inc.
Thermocycler 4 AB Applied
GeneAmp PCR Biosystems
System 9700

Cycling conditions:

95(5); 35x: 95(1’), 51(45”), 72(1’); 72(5)

A 2% agarose gel was run at 110V for 1 hour.

Expected product size is 786kb.

Controls:

MOS-1 POSITIVE CONTROL
MOS-2 NEGATIVE CONTROL
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TABLE 19: Results of PCR for aac(3)-lla

LANE NO SPECIMEN NO. RESULT
1 MWM

2 Isolate 38 Absent
3 Isolate 21 Absent
4 Isolate 28 Present
5 Isolate 16 Absent
6 Isolate 34 Absent
7 Isolate 30 Absent
8 Isolate 37 Absent
9 Isolate 23 Absent
10 Isolate 35 Absent
11 Isolate 2 Absent
12 POSITIVE CONTROL Present
13 NEGATIVE CONTROL Absent
14 EXTRACTION CONTROL Absent
15 BLANK (Water) Absent
1 MWM

2 Isolate 17 Present
3 Isolate 32 Present
4 Isolate 22 Present
5 Isolate 20 Present
6 Isolate 9 Present
7 Isolate 31 Present
8 Isolate 10 Present
9 Isolate 29 Absent
10 Isolate 33 Present
11 Isolate 11 Absent
12 POSITIVE CONTROL Present
13 NEGATIVE CONTROL Absent
14 EXTRACTION CONTROL Absent
15 BLANK (Water) Absent
1 MWM

2 Isolate 4 Absent
3 Isolate 39 Present
4 Isolate 36 Present
5 Isolate 8 Present
6 Isolate 5 Present
7 Isolate 6 Present
8 Isolate 42 Present
9 Isolate 18 Present
10 Isolate 14 Present
11 Isolate 13 Present
12 POSITIVE CONTROL Present
13 NEGATIVE CONTROL Absent
14 EXTRACTION CONTROL Absent
15 BLANK (Water) Absent
1 MWM

2 Isolate 40 Present
3 Isolate 26 Present
4 Isolate 12 Present
5 Isolate 15 Present
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6 Isolate 41 Absent
7 Isolate 24 Absent
8 Isolate 3 Absent
9 Isolate 27 Absent
10 Isolate 7 Absent
11

12 POSITIVE CONTROL Present
13 NEGATIVE CONTROL Absent
14 WATER Absent
15

REPEAT PCR OF NEGATIVES

1 MWM

2

3 1

4 2

5 3

6 4

7 5

8 6

9 7

10 8

11 9

12 10

13 POSITIVE CONTROL
14 NEGATIVE CONTROL
15 WATER

1 MWM

2

3 18

4 20

5 35

6 36

7 37

8 38

9 39

10 POSITIVE CONTROL
11 NEGATIVE CONTROL
12 WATER

13

14

15

2% gel run at 110V for 1 hour, 1kb ladder used.
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FIGURE 4: GEL 1
Lane 1: Molecular weight mark, Lanes 2-11: Specimens 1-10, Lane 12: Positive control, Lane
13: Negative control, Lane 14: Extraction control, Lane 15: Blank (water).

FIGURE 5: GEL 2
Lane 1: Molecular weight mark, Lanes 2-11: Specimens 11-20, Lane 12: Positive control, Lane
13: Negative control, Lane 14: Extraction control, Lane 15: Blank (water).
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FIGURE 6: GEL 3
Lane 1: Molecular weight mark, Lanes 2-11: Specimens 21-30, Lane 12: Positive control, Lane
13: Negative control, Lane 14: Extraction control, Lane 15: Blank (water).

Figure 7: GEL 4
Lane 1: Molecular weight mark, Lanes 2-9: Specimens 31-39, Lane 11: Positive control, Lane
12: Negative control, Lane 13: Extraction control, Lane 14: Blank (water).
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FIGURE 9: REPEAT GEL 1
Lane 1: Molecular weight mark, Lanes 2-11: Specimens 1-10, Lane 12: Positive control, Lane
13- Negative control, Lane 14- Extraction control, Lane 15- Blank (water).

Figure 10: REPEAT GEL 2
Lane 1: Molecular weight mark, Lanes 2-8: Specimens 18, 20, 35-39, Lane 9: Positive control,
Lane 10: Negative control, Lane 11: Extraction control, Lane 12: Blank.
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SOP_5: 16S rRNA PCR (Adapted from NHLS SOP MIC0742) PCR Amplification and DNA
Sequencing of 16srRNA and ITS2 r DNA for Fungal identification

PRINCIPLE
16S rRNA:

All bacteria have genes encoding the RNA for the 16S subunit of the ribosome. These genes are
highly conserved (i.e. there are areas of the gene that do not differ between different genera of
bacteria), allowing one set of primers to amplify DNA from a wide range of bacterial species.
However, some differences between species do exist, so analysis of DNA sequence data from these
genes can allow one to identify the organism from which the DNA was amplified.

16s rRNA Primers:

BAKF -5 — AGA GTT TGA TCC TGG CTC AG 3’
BAKR - 3’ — AAG GAG GTG ATC CAG CCG CA-5

(Ref: Edwards U et al. 1989. Isolation of a direct complete nucleotide determination of entire genes.
Characterisation of a gene coding for 16S ribosomal RNA. Nucleic Acids Res. 17: 7843 — 7853)

PROCEDURE:
Use 5pl of extracted DNA for your PCR reaction

PCR Reaction Mixture (Mastermix) 16s RNA:

PCR reaction mix for 10 samples

dNTPs 4x1ul each 4
Taq polymerase 3
MgCl 30
Buffer 50
Water 293
Total volume 380
Volume for each reaction 38 ul

Add 1pl of each forward (20pmol/ul) and reverse (20pmol/ul) primer from the working stock to each
mastermix.

Use E. coli genomic DNA as a positive control, and always include both a blank control, and a water
(negative) control.

PCR assay:

The conditions are programmed into the thermocycler — Programme “16s rRNA PCR”

The conditions are:

94°C for 2 minutes

94°C for 20 seconds; 47°C for 30 seconds, 72°C for 45 seconds — for 35 cycles
72°C for 7 minutes

Hold at 4°C

Detection of PCR product:
1. After completion of the PCR assay run 10ul of product on a 2% agarose gel.

2. Set the powerpack at 90 volts and run for approximately 30 to 40 minutes.
3. Once the products have run sufficiently visualise the products in the UV transilluminator.
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4. Place the gel on the glass surface of the transilluminator and take a photograph of the gel using the
Uvitec Gel Documentation System (SOP CHEO0627).

5. Capture the image and save in the S drive/laboratories/microbiology/common/read and write
only/gel images/then the name and date the gel photo was taken.

16s rRNA PCR
Date : 04 December 2009

MWM 2. 3 =4 Be5E &6 /e S OH SOk i) 1’L (2RISR S50 216l 7. 18 19
o . = - n

1 2 Gl s Gil e 9 10 18 20 35 36 37 38 39 N P

FIGURE 11:
Lane 1: MWM, Lanes 2-17: Isolates (1,2,4,5,6,7,8,9,10,18,20,35,36,37,38,39)with negative aac(3)-
lla PCR, N: Negative control, P: Positive Control
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SEQUENCING SOP 6:

Li-MUBCDIOnCHActVel LHEWET IvE rage 1 of &

AATIORAL S0 ALTE
LABOmATURTY INRViITE

STANDARD OPERATING PROCEDURE

Title: SEQUENCING REACTION AND ANALYSIS

Dooument number:  CHEOE1Y

Version number: 2
{Changas from previous version highlighted)
Wiitten by 5. Meldau
Chechkad by MNSA
Approved by Dr E.P Owen

Active date.  19-02-2000

Date of nexi review | Date reviewed | Reviewed by Action '
18-02-2010 ! '

Date withdrawn

In the event of 8 dispute concerning this document. the glectronic version stored on Q-Pulse will be desmed to be
the correct version

National Health Laboratory Service- All rights reserved
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Q-PulseSidocsiactivel CHEDE1Twi Page2of 4

SEQUENCING REACTION AND ANALYSIS

OBJECTIVE
To sequence PCR products and analysis the results

ILITY
Perform test: Technologistmedical scientist who is trained and deemed competent in molecular
biclogy techmiques.

REAGENTS AND CONSUMABLES _
ABI PRISM BigDye ™ Terminator v3.1 Ready Reaction Cycle sequencing kit Catalogue No: 4390244
Supplied with kit - Teminator Ready Reaction Mix
-  pGEM-1Zf+ double stranded DNA control template, 0.2 poful
= «21 M13 Control Primer (forward) 0.8 pmol/j
PCR tubes (0.2mil)
PCR product to sequance
Correct primar 3.2 pmols/ul
H:O

EROCEDURE

1. Quantitstz the purfied (stner column of gai) PCR tempilate using either an agarcss gel method with
visual estimate or by measuring the absorplion at 260 nm (nancdrop specirophoiomeder),

2 The copy number of the PCR product = mporiant, 30 the longer the PCR product the greater the
quantity of PCR product to add. = 10ul reaction volume

"Template — PCR product Quantity
1m2nnw 051.5ng
200-500 bp 166ng
500-1000 bp 25-10ng
1000-2000 bp ' 520 ng

| >2000 bp 20-50 ng

3 Csalouste the amount of PCR template to add 1o each reaction tube from the sbove table and write
onto work sheet.

4 Check athemnocycier is available. Tum on o warm ld. Cheack program and set ready o un

5. Fumpqnmmmmwynmammmmum Prepare the
following on ice

| Reagent Cuantity
Terminalor ready reaction mix 1ul

10 x Buffer 0.6yl
Template EE=T
Primer 3 2pmois/ul 1d

H20 desonised o4l
Total vohume 104

B Mix and spin m,...,,.cnsl;; son 3T€
7. Immediately place in T
rr‘-atﬂuq—h_ﬁkt:)%a

In the event of a dispute concaming this document, the alectronic vermion stored on Q-Pulge will ba deomed to ba
the correct verslan

National Health Laboratory Service- Al rights reserved
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Q-Pulsefidocstactivel CHEDE1Tv2 Page 3 of d

See program called bigdye 50°C

» Rapid thermal ramp to 86°C
«  96°C for 15 s2c
+« Ropaat the following for 2510 30 cycles

I BB°C for 10 sec

H 50°C for 15 sec

lii. BOAC for 4 mins
Followed by final step of 10 mins at S0°PC
Hold at £°C unbl removed from the machine
Place samples in deep freaze
Dutsource samples for saparation. Sea below
S‘tuﬂmbmm Universty = DiNA Sequencing Facllity
Tal (021) 808 5887
Fax (021) BO8 5833
e-mal sequencelisun ac za
web page www sun ac za'sal
or

Geneatics department

Uriversity of Cape Town.

Ted (021) 406 6458

Emaid Jeanne Rousseau. roussess@comack uciacza

10, Results will be emailed back,
11, Qpen tha file in ether Chromas, Chromas Lite, or Bioedit.
12, Frint out the sequence {ramamber 1o reverse sequence [ raverse primer used)
13 Chack all bases for riss calling and possible hateroplasmy.
14, Sequences can be lined up with reference sequencing using Bloedit software.
15 Copy text sequence into @ b file using notepad using the following format.
*>PDH E1a Exon 4 complete seguence:
T T T GG T T GGECC T T CACTCT G TATT T T GE T GaAARA TAGCTACTTTCTC TG TTATTAATCACAGG TTCTACTASCCE
ACAT .t.T'JI TG G ETCTAGGAAACETTTTTATT TAGAARCATGTATCATATTGCCTCATAGTTICTECTTCCTCT
=axon 4:
GANGOTTGCTETATERGECTBAAGGCCGECATCAMCCOCAC AGACCATETCATCACAGCCTACCAGGOTOACGALTTTACTT
TCACCCGGGGCCTTTCCATCCOAGAAATTCTCGCAGAGCTTACAS
*F559 exond:
CCAANTNT TG TG CAA TASCTCTTTCTCTCGTTATTAATGACAGGTTC TACTAGCCCANATATTTCACTGTGETCTAGS
AR GTTTTTATT TAGAAACATGTATCATATTGCCT CATAGTTTCTCCT TCCTCTAACACAGEAAGCTTGETGTGTGRGEE
16. Analyse the results and print.

wm* .

I the ewvent of & dispute concerning thes document. the slectronic version stored on O-Pulse will ba desmed 1o be
the cormect version
Natianal Heaith Laboratory Service. AN rights reqerved
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FORWARD PRIMER SEQUENCE(aacC2a) : 5’-3’ : cgc gga agg caa taac
REVERSE PRIMER SEQUENCE(aacC2a) :

5’-3’ : gct tct caa gat agg tg

TABLE 20: Nanodrop results of isolates sent for sequencing

SAMPLE | DATE TIME ng/uL A260 A280 260/230 260/230
1 26/11/09 | 12h11 60.42 1.208 0.640 1.89 0.41

3 26/11/09 | 12h12 138.05 2.761 1.458 1.89 1.25

11 26/11/09 | 12h13 141.12 2.822 1.497 1.89 0.81
Forward 09/11/09 | 08h54 81.19 1.624 0.741 2.19 2.29
Primer

Reverse | 09/11/09 | 08h56 70.59 1.412 0.818 1.73 2.39
Primer

Reaction mixture(per sample)

H.O 23.5 pL

Buffer 10.0 pL

MgCl, 6 pL

dNTP 4 uL

Forward primer 2 pL

Reverse primer 2 pL

Taq polymerase 0.5 pL

Template 2 uL

Primer 1.0 pL (20pmoles/ uL)

Mix and place in thermocycler.

Program 96° 157, 30x : (96° 15”, 50° 15”, 60° 4’), 60° 10'.

TABLE 21: Reagents used for PCR

REAGENT LOT NUMBER DATE MANUFACTURER
5x Colourless #25803910 17-06-2010 Promega Corporation
GoTaqg® Flexi Buffer

Magnesium chloride #25803910 17-06-2010 Promega Corporation
25mM

GoTag® Flexi DNA #25803910 17-06-2010 Promega Corporation
Polymerase

BigDye Terminator AB Biosystems

v3.1 Ready Reaction

Cycle sequencing kit

EQUIPMENT MANUFACTURER

Thermocycler 9

Hybaid Express
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Check gel
Date : 27 November 2009

i

1Kb
- 10uL run
ad on 2% gel
L
[
Product

[ (]

size 786bp
- w

1 3 11

FIGURE 12: Check gel of sequencing products
Lane 1: MWM, Lane 3-: Isolate 38, Lane 5: Isolate 28 , Lane 7- Isolate 17.

Three isolates were selected- 2 isolates with a positive PCR (isolate 17 and 28). Isolate 38 was also
sequenced as an additional band at approximately 1.6 kb was visible on PCR for aac(3)-//a.

The sequencing was performed at the DNA Sequencing Facility at the University of Stellenbosch
using ABI genetic analyzers. The BLAST (Basic Local Alignment Search Tool) nucleotide collection
database was searched using Megablast to find highly similar sequences. The results are shown
below.

Chromas software was used to evaluate the quality of the sequencing using the chromatogram.

100 1o 120 130 140 10 160 170 180 190
GCOTTACGUTCCOCGGTTGOCGCCOACTOGCACTOTOAT GO GATACGCOTCOTOGOACCOATCACCCTACGAGOACACTCTOGAATOGCOCTCOOTTOOATGACA

1 | bttt

Figure 13: An example of the chromatogram obtained using Chromas Lite software.

Good chromatograms were obtained for isolates 17 and 38. However, the chromatogram for isolate
38 revealed evidence of a mixed sample.

SEQUENCE OF ISOLATE 38(FORWARD PRIMER) FASTA SEQUENCE:

TTGCAATGCGCTGCATATGYGAGMTGTACCGGTCATAGATCTGATCKCAGTGYTGMSATTGCAC
CTGTGGCGTTTTTTCACCGGATTTACCAMCTACTGCCTCTTCTATTTTGAAAAACKGSGCTTTCAC
CCATCTGATGCTTACAATTCTGGCTATGTCTTACATTGCCGCGRCGAARGCTTTTTGATCTGTTAT
TCTTACTTATGGTTCCTCTTGMCCTGCTGTGAATTTTTGKACCTTGTTTGTTGTGCRTGATTTTTGA
RGGGATTGRATTCSGAATACATACTACTTGYTCASARWGGKCCRCCTTAATCGRAMCKATGARC
CTCCTTGTTTCGTCTGCTTATTTCTGGWACGACTTCTCACCCTTGCCWGCCGCCTTCGATCATTA
CACCATTTATGATTATCTGACTGATTTCTGCCAGCCACGTGWATCACAACATTTTCTAAAGCTTTT
CACTGAATGAATGATTGGMCGTGKWCTGGAKGACACACSCGCMCGKCTTCYARWTGCWGTGW
RMMAKGTATCGTATTRCAARGACKAACCGCTATCKAAAAGATTGTGMTTGTGCTCGCGAKCSACT
TTGGWKGYWGKKYCKGCWKYAYCTTAYTGCAWGWTGAWYACGTGGAYGAAATTCATGTGGAAT
CAGATGAARATCWTSRTACKTTGCTTCGTCCGACTCTGTCTGMTCAAYASATTCRRACGATCAWA
CRWMTSMWGATCTGMATCTGWKACCCCWGAAYWKSWCCCAGAKWWCMATTTTCACGAAKRA
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GCCAMWGCCGMAMCTGMAGCTGTCCCGMCCTAMRMTRRCWAMCTTTCCAKRGCYWTATTCTT
CGTATGMAWACYGSTRMTCGCRCTGTACSYSAYGCCGGGTWYSCSTCATAMCYGCWKCYMYYS
CCYACTSWKGGACATKWCTAAAYGACGTGMTCGTRCACCKGCTGCTGATCTTCAAMGAATGMY
CATMATKTGKSTKAKATSSARKSCCYGMCWGGGTGGAATRCSTKCCAMCACYMSCAGMAAGACT
WGAAGATCCYWCTGTCAATAGSTASCACTSTGACGATCRTGWTCCGACYYCTGCCCTCTGAAAT
CCGAGAACCGGRCGATACYACGCTWATGCTCTGGAAACTCGYGAATCWCGAACCTATGCCGAT
GAGCTATGAGCCATTCAAGGTTCGAAAKCGYGACTCGTGG

No result was obtain when Isolate 38 was blasted using MegaBlast or . However a result was
obtained using Blastn (dissimilar). This sequence showed some similarity with the A. baumannii
dioxygenase. This is an enzyme that is involved in iron binding. However, the association is weak.
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SEQUENCE OF ISOLATE 38(REVERSE PRIMER) FASTA SEQUENCE:

TTTCGYGGAAGGCAATAACACAKACATAACTGGAATAAAGAATAGAACCAGTACAGTACCAAACA
KTRCGCCGCCTAAAATASTAATACCAATTTYTTGGSGGSTCACCGCRCCAGSGCCTTGGGCAAAT
ACAAGTGGAATCACACSKGCASCAAAGGCTAAAGAAGTCATTAAAATSGGTCTTAAACGCAAGCT
CGCACSTTATAAAGCGGCCKGAATAGCATTCTTTCCTTTSTCTTGGGSTAAKGCAGCAAACTCAA
CAATTAAAATTGSGTTKWTGCATGACAATMCAATCGTGGTTAGAAGTGCAATTCGCGGAAGGCAA
TAACACCCAGCTGMCACRCAGAMCAGMACAYAATWTT.

When this sequence was blasted using Blastn, a weak similarity was found with the RND multidrug
efflux pump of A. calcoaceticus PKEA-2. The association was too weak to draw any further
conclusions.
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SEQUENCE OF ISOLATE 28( FORWARD PRIMER) FASTA SEQUENCE :

TAGYSASSTCGGGRGTCAACCGGTGACCTGTTGATGGTGCATGCCTCACTTAAAGCGATTGGTC
CGGTCGAAGGAGGAGCGGAGACGGTCGTTGCCGCGTTACGCTCCGCGGTTGGGCCGACTGGC
ACTGTGATGGGATACGCGTCGTGGGACCGATCACCCTACGAGGAGACTCTGAATGGCGCTCGG
TTGGATGACAAAGCCCGCCGTACCTGGCCGCCGTTCGATCCCGCAACGGCCGGGACTTACCGT
GGGTTCGGCCTGCTGAATCAATTTCTGGTTCAAGCCCCCGGCGCGCGGCGCAGCGCGCACCCC
GATGCATCGATGGTCGCGGTTGGTCCGCTAGCTGAAACGCTGACGGAGCCTCACGAACTCGGT
CACGCCTTGGGGAAAGGGTCGCCCGTCGAGCGGTTCGTCCGCCTTGGCGGGAAGGCCCTGCT
GTTGGGTGCGCCGCTAAACTCCGTTACCGCATTGCACTACGCCGAGGCGGTTGCGGATATCCC
CAACAAACGATGGGTGACGTATGAGATGCCGATGCTTGGAAGAAACGGTGAAGTCGCCTGGAAA
ACGGCATCAGAATACGATTCAAACGGCATTCTCGATTGCTTTGCTATCGAAGGAAAGCCGGATGC
GGTCGAAACTATAGCAAATGCTTACGTGAAGCTCGGTCGCCATCGAGAAGGTGTCGTGGGCTTT

GCTCAGTGCTACCTGTTCGACGCGCAGGACATCGTGACGTTCGGCGTCACCTATTTTKGAGAAG
C
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SEQUENCE OF ISOLATE 28(REVERSE PRIMER) FASTA SEQUENCE :

GCCSGSYKTWKAWCTGCGCGTCGACAGGTAGCACTGAGCAAAGCCCACGACACCTTCTCGATG
GCGACCGAGCTTCACGTAAGCATTTGCTATAGTTTCGACCGCATCCGGCTTTCCTTCGATAGCAA
AGCAATCGAGAATGCCGTTTGAATCGTATTCTGATGCCGTTTTCCAGGCGACTTCACCGTTTCTT
CCAAGCATCGGCATCTCATACGTCACCCATCGTTTGTTGGGGATATCCGCAACCGCCTCGGCGT
AGTGCAATGCGGTAACGGAGTTTAGCGGCGCACCCAACAGCAGGGCCTTCCCGCCAAGGCGGA
CGAACCGCTCGACGGGCGACCCTTTCCCCAAGGCGTGACCGAGTTCGTGAGGCTCCGTCAGCG
TTTCAGCTAGCGGACCAACCGCGACCATCGATGCATCGGGGTGCGCGCTGCGCCGCGCGCCG
GGGGCTTGAACCAGAAATTGATTCAGCAGGCCGAACCCACGGTAAGTCCCGGCCGTTGCGGGA
TCGAACGGCGGCCAGGTACGGCGGGCTTTGTCATCCAACCGAGCGCCATTCAGAGTCTCCTCG
TAGGGTGATCGGTCCCACGACGCGTATCCCATCACAGTGCCAGTCGGCCCAACCGCGGAGCGT
AACGCGGCAACGACCGTCTCCGCTCCTCCTTCGACCGGACCAATCGCTTTAAGTGAGGCATGCA
CCATCAACAGGTCACCGGTTTGGACTCCGAGTTTTCGAATTGCCTCCGTTATGCCCTTCCGCGA
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SEQUENCE OF ISOLATE 17( FORWARD PRIMER ) FASTA SEQUENCE:
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TWKYGRCYTCGGGAGTCAAACCGGTGACCTGTTGATGGTGCATGCCTCACTTAAAGCGATTGGT
CCGGTCGAAGGAGGAGCGGAGACGGTCGTTGCCGCGTTACGCTCCGCGGTTGGGCCGACTGG
CACTGTGATGGGATACGCGTCGTGGGACCGATCACCCTACGAGGAGACTCTGAATGGCGCTCG
GTTGGATGACAAAGCCCGCCGTACCTGGCCGCCGTTCGATCCCGCAACGGCCGGGACTTACCG
TGGGTTCGGCCTGCTGAATCAATTTCTGGTTCAAGCCCCCGGCGCGCGGCGCAGCGCGCACCC
CGATGCATCGATGGTCGCGGTTGGTCCGCTAGCTGAAACGCTGACGGAGCCTCACGAACTCGG
TCACGCCTTGGGGAAAGGGTCGCCCGTCGAGCGGTTCGTCCGCCTTGGCGGGAAGGCCCTGCT
GTTGGGTGCGCCGCTAAACTCCGTTACCGCATTGCACTACGCCGAGGCGGTTGCGGATATCCC
CAACAAACGATGGGTGACGTATGAGATGCCGATGCTTGGAAGAAACGGTGAAGTCGCCTGGAAA
ACGGCATCAGAATACGATTCAAACGGCATTCTCGATTGCTTTGCTATCGAAGGAAAGCCGGATGC
GGTCGAAACTATAGCAAATGCTTACGTGAAGCTCGGTCGCCATCGAGAAGGTGTCGTGGGCTTT
GCTCAGTGCTACCTGTTCGACGCGCAGGACATCGTGACGTTCGGCGTCACCTATYTTKGAGAAA

GMAA.
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SEQUENCE OF ISOLATE 17( REVERSE PRIMER) FASTA SEQUENCE:

GGCSGATGTAWWAWCTGCGCGTCGACAGGTAGCACTGAGCAAAGCCCACGACACCTTCTCGAT
GGCGACCGAGCTTCACGTAAGCATTTGCTATAGTTTCGACCGCATCCGGCTTTCCTTCGATAGCA
AAGCAATCGAGAATGCCGTTTGAATCGTATTCTGATGCCGTTTTCCAGGCGACTTCACCGTTTCT
TCCAAGCATCGGCATCTCATACGTCACCCATCGTTTGTTGGGGATATCCGCAACCGCCTCGGCG
TAGTGCAATGCGGTAACGGAGTTTAGCGGCGCACCCAACAGCAGGGCCTTCCCGCCAAGGCGG
ACGAACCGCTCGACGGGCGACCCTTTCCCCAAGGCGTGACCGAGTTCGTGAGGCTCCGTCAGC
GTTTCAGCTAGCGGACCAACCGCGACCATCGATGCATCGGGGTGCGCGCTGCGCCGLCGLGLC
GGGGGCTTGAACCAGAAATTGATTCAGCAGGCCGAACCCACGGTAAGTCCCGGCCGTTGCGGG
ATCGAACGGCGGCCAGGTACGGCGGGCTTTGTCATCCAACCGAGCGCCATTCAGAGTCTCCTC
GTAGGGTGATCGGTCCCACGACGCGTATCCCATCACAGTGCCAGTCGGCCCAACCGCGGAGCG
TAACGCGGCAACGACCGTCTCCGCTCCTCCTTCGACCGGACCAATCGCTTTAAGTGAGGCATGC
ACCATCAACAGGTCACCGGTTTGGACTCCGAGTTTTCGAATTGCCTCCGTTATGCCCYTTCCGCG
A
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These sequences are identical to the aac(3)-/lla gene. The alignment with the original sequence is
shown on the next page.

REFERENCES:
1. Zhang, Z., S. Schwartz, L. Wagner, and W. Miller. 2000. A greedy algorithm for aligning
DNA sequences. J Comput Bid. 7 (1-2): 203-214.
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PULSED FIELD GEL ELECTROPHORESIS OF Acinetobacter baumannii strains
(Adapted from Jacobson, R. Association of IS1133 with an aminoglycoside resistance
gene,aacC2a, in Acinetobacter baumannii isolates. August 2007.)

STANDARD OPERATING PROCEDURE:
PLUG PREPARATION

1. A bacterial suspension (ODs4 1.8-2.0) should be prepared in cell suspension buffer (100mM Tris,
100mM EDTA, pH 8.0). The bacterial cells were obtained from a single colony plate that had been
streaked out on 2% horse blood agar after 24 hour incubation at 37°C.

2. The suspension should be incubated at 55°C for 10min in a water bath.

3. Twenty-five microlitres of proteinase K (20mg/ml stock solution) and 5uL of lysozyme (100mg/ml)
should be added to the cell suspension. The mix should be inverted 2-4X.

4. Five hundred microlitres of 1% Seakem (with 1% SDS) is added to each tube and the suspension
was gently inverted 10-12X.

5. The plugs are then cast in plastic moulds and allowed to solidify at room temperature for 5min and
at 4°C for another 15min.

LYSIS OF CELLS IN PLUGS AND WASHING

6. Five milliliters of cell lysis buffer (50mM Tris, 50 mM EDTA, pH 8.0+1 % sarcosine) together with
25l proteinase K (20mg/ml stock solution) and 5uL lysozyme (100mg/ml).

7. The solution is incubated at 55°C in a shaking incubator for 2 hours.

8. The plugs are washed 2 X for 15 minutes in 10ml warmed distilled water at 55°C.

9. The plugs are then washed 3 X for 15 minutes in 10ml warmed TE buffer at 55°C.

10. The plugs are trimmed to the correct dimensions 2.0mmx 2.5mm

10. Store the plugs in 10ml fresh TE buffer at 4°C.

RESTRICTION DIGESTION

11. The plug slices are incubated in 179 pL distilled water, 20 yL Buffer A and 1 pL of bovine serum
albumin (100 pg/ml) at 30°C for 15 minutes.

12. The buffer is replaced with fresh buffer and BSA, 30 IU Apa1 (restriction endonuclease) is added.
13. The mix is incubated at 30°C for 2 hours.

ELECTROPHORESIS

14. The plugs are washed with 200 uL 0.5X TBE, then incubated at 4°C for 10 minutes before being
loaded onto a 1.5% agarose gel in 0.5X TBE buffer.
15. The PFGE machine is set at ramped pulses of 5-35s for 23 hours at 200V.

STAIN AND DESTAIN

16. The gel is then stained for 45 min in 0.5ug/ml of ethidium bromide (20 pL of 10mg/ml in 400 ml
TBE)

17. The gel is destained in distilled water for an hour to achieve good contrast.

18. The gel is then photographed using a Fotodyne Inc. UV light box and a Kodak EDAS 290 camera,
and an analysis using Gel Compare |l software Version 4.6 (Applied Maths) was performed.
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REAGENTS:

LOT NO Expiry date Manufacturer
SuRE/Cut Buffer A 14541900 Roche
CAT no 11417959001
Proteinase K 14950500 04-2010 Novagen
(20mg/ml)
Pulsed Field Gel 1620137 BioRad
Electrophoresis
Agarose
Lysozyme(100mg/ml) Roche
Seakem® Gold Cambrex
Agarose
Bovine Serum Roche
Albumin
Apal CAT no 10899208001 Roche
Blood agar plates Nil 19/01/10 Greenpoint
Laboratory
Lambda Ladder PFG | 1100804 04/10 New England Biolabs
Marker NO340S
EQUIPMENT:
Equipment Manufacturer
PFGE Gene Navigator® Amersham
Biosciences AB
Water bath Memmert
Fridge Kelvinator
Vortex Vortex-Genie 2 Scientific Industries
Incorporated
Spectrophotometer General Purpose Beckman-Coulter
UV/Vis
spectrophotometer
DU720

PREPARATION OF BUFFERS:

Cell Suspension Buffer (100mM Tris, 100mM EDTA, pH 8.0)
10ml 1M Tris stock, pH 8.0

20ml 0.5M EDTA stock, pH 8.0

Dilute to 100ml with sterile ultra pure water

Cell Lysis Buffer (50mM Tris, 50mM EDTA, pH 8.0, 1% Sarcosine)
12.5 ml 1 M Tris stock

25 ml 0.5 M EDTA stock

12.5 ml 10% Sarcosyl (N-Lauryl-Sarcosine)

Dilute to 250 ml with sterile ultra pure water

TE Buffer

10mls 1M Tris 1.21g/L

2 mls 0.5M EDTA 0.37g/L
pH 8.0

Dilute up to 1000mls

TBE Buffer
0.89 M Tris
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0.89 M boric acid
20 mM EDTA

RESULTS
Picture of original gel run (Fotodyne Inc. UV light box and a Kodak EDAS 290 camera)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Lo T D = T BT

10 NI )

s i )

Figure 14: Pulse-field gel electrophoresis on selected isolates.
KEY:Lanes 1,7,13 Molecular weight marker; Lanes 2, 8, 14 Control strain RUH (European

clone); Lanes 3,9 MOS-1 strain; Lanes 4, 10 MOS-2 strain; Lanes 5, 11 Representative of
Cluster C (Isolate 32); Lanes 6, 12 Representative of Cluster A (Isolate 16).
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Results obtained using GEL Compare Il Version 4.6 (Applied Maths) software are shown in Figure 15.

Dice (Opt:1.50%) (Tol 1.5%-1.5%) (H>0.0% S>0.0%) [0.0%-100.0%]
PFGE-Apal PFGE-Apal

“100

0 o 0 o I}
hid i T i i

F90
Fos

A2
75
RUH 3
MOS-1.2
923
80 C.2
MOS-2.2

Figure :
15: Pulsed field gel electrophoresis of selected isolates showing their relatedness.

(KEY: A.2 Isolate 16, RUH 3- European RUH strain, MOS-1.2- MOS-1 strain, C.2- Isolate 32,
MOS-2.2- MOS-2 strain).

STORAGE OF ISOLATES (See Package Insert.)
All isolates were stored on beads (Viabank VIM tubes, Abtek Biologicals Ltd).

Procedure for storage:

. Label the vial.

. Make a heavy Inoculation of the organism from a fresh, pure culture. Place into the vial.
. Replace cap.

. Distribute inoculated broth throughout the beads.

. Decant the excess preservative fluid using a sterile pipette.

. Replace cap.

. Store at -70°C.

NO O WN -

Procedure for recovery of organisms:

1. Remove a bead with a sterile forceps.

2. Drop the bead on to the surface of a 2% blood agar plate, and streak across the surface.
3. Dispose of bead as per laboratory practice in a biohazard container.

4. Replace the vial in the -70°C freezer.

5. Incubate the agar in conditions appropriate for the organism.

Lot GE 03, Expiry date May 2008.
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DiversiLab™ Acinetobacter Ki

gversilab"

Straimn typing
48-Test Kit E_saclerial Barcodes, Inc
BECI Catalog Number: DL-ABQ
bioMérieux [REF] 27060
Mot For Diagnostic Use.
Matenals supplled in the kit
Rep-PCR Reagents Storage Sange: -0 -30° C
Cap Color Hame Valume
Purpla Fep-PCE MW 864 uL
Coloriess Prirmer Mo A 100 L
Coloriess Fositive Control ©3 16 ik
Coloriese Mepgative Control 16 L

Addilional materials required, Bul nol supplisd

Eacterial DRA Isoiaiion kit (URraChean™ hdicrablal DMNA Msalatian Kit)

Tag DG potyimarase® (AMPITag" Dhib polymersse plus Gemeamp” 10X PCR Buler Joomtaining 15mM MgCl) &y
applied Bosystems)

Themmal cycler {GensAmp® PR System 5600 or 5700 by Appled Biosystems|
Powder-free gloves, lab coat and eys protscton

Pipeties; &.1-10 ul, 10-100 pl, 100-1000 uL, ruti-channst or repeater pipetts (optional)
Aeroscd ressstant bamer pipete fips: 0.1-10 pb, 10-100 pi, 100-1000 pl

Microcentrifuge tubss, 1.5 mil

Mecrocenirifuge, varliable speed

Cooler Trays: 0.2 mL and 1.5 mL

PCR lubes and caps: 0.2 mL

PCR iray retane: sa

Rack ba hold 0.2 mL &1d 1.5 ml tubes

Yorbex

The DiversiLab™ DMA fngerpeinting kits are designed o generabe rep-PCR DNA fingarprints from pune-culbuned micrabial
samples. Thase kits contain the reagents and bulfers nesded 10 $el up PCR reaclions using rep-PCR primaers, starfing fram
extracted genomes DMA from microbial isolates.

Introducton

The Diversil.ab DA fngerpriniing Kits use rep-PCR chnology, which takes advaniage of the non-coding repadithve sequences
found inserspersed throughout the genomes of atl bactera studied o date. "= Key ta the Dwversdab kit s primer sats that ars
comglemantary fo these repelifive sequences. When PCR is performad using thess primer s¢is, 1he DMA seguences batwesn
tha repatitive slements are ampified, Thus, mulliple fragments Brougnou! 1he micrebiai genome are amplifed samultaneously

Principle of the DiversiLab System

Thie major sleps invalved i generaling rep-PCR DNA Ningerprints a0 as foliows:
= Extract DMNA fram purifed microbial cultures
= Log sample infarmation ira the DiversiLab software (intermal-based)
= Perfome rep-PCR amplification.
»  Separats the ONA fragments using the Agilent® 2100 Bioanahyzer,
= Compare fingsrprints using the statistical analysis feature of the DiversiLab software.

w % B B B W OB N O OB B

* NOTICE This kit shoukd anly be ssed with AmpiTag™ DNA palymemse @ Teg DNA polyifemss (A ray be covered by oNe o Mo pateals
which has baen obtaned from an authonzed_acensed source. Naibar tha offer to.sall nor the sele of this lt nor thasa mstructions consibues an
axpress ar mmpaed licansa 10 wsa AmpaTeg or shisr Tag DN palyrmarases. Addilicnally, tha use of a thamal cpciar may raquie o icenss
Lider o of more patents heid by Had paries This kil should only e osed wilh & suihorzed, §censed thenmeal cycier. IL s e sols
responsiniley of (e usar of 1his ki 1o ersune et wse of The kit doss not nfrings this peterd nghis of dhird parties. Thus, the uses of Bis kil hag the
responsiiky (0 oblain any requesita license from pariiss othar than the manufictursr and sefler of this kit Information on purchasng hcenses in
use AmpliTag may be obixirad ty contacting tha Director of Licensng at Applad Bosystems. Inc. iy snplisdbiosystams. com)
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This document provides the specfic procedure associated with rep-FCR amplification. Refer alse to the DhersiLlab Softears
Lser's Guide and the DiversiLab Instruclions for Use of LEII'JCHP': Devices nsarn,

This kit supplies sufficient reagents for the number of tests indicated. We recommand running & negative and positive
control for sach rep-PCR experimant performed.
O not use the compaonents of this kit beyand the expiration date printed on the box
e avatanls preventative measurss to avoid contamination and cross-contarnination of PCR tubes and reagents,
including but nat limilad 1a the Tollawing.
o Separste the PCR workspace from other laboratory areas. especially these invelving microbial samples or
posi-amplification products.
o Clean the workspace with 10% bieach, fallowed by 70% sthanal,
o Change gloves often and use dedicabed (b coals and agquipment for pre- and post-PCR areas,
o Separate pre-PCR and post-FCR areas as much as possible. Use nuclease-free. disposanés tubes and
asrosckresistant pipette lps

Tes! imitations

-

This kit may nat produce useldl Tngerprnts with same microblal samples. Although repelitve sequences have been found
in all bacteria studied 1o date, it is possidde that the primers supplied in this kit will not generate unigue or dacriminabory
fingerprinds wilth sorme micrablal strains

Thar résulls obtaned from using the Diversilab kil may nol b useful o raliable o {he paovided profocsd is not follewed
wxactly, or i he results are applied in a manner far which they vare not inlended

This product i$ nat for diagnastic use and tha results of this best should not be used 1o disghose disease, of 10 Cure,
rmitigate, treat, or prevent disease in a patient

Callection and preparalion al saimples

»  Proper puriication of genarmic DMA is critical for successiul rep-PCR, Kt cplimizaticn has been performed with The
LilfraClean™ Microbial DMA, lalation Kil, The UraClean™ kit 15 avalable rough Baclerial Barcodes (calaleg &+ BEMB-
B0 and BEMB-250)

«  We recommend chacking exiraction consistency and DMA integrily by agarose gel electrophonesis,
« & speciropholometar is available, best results ane oblaned from purified gendmic DNA with a0 Aqeplfoe, ® 1.7-1.9,
« Llse 2 pL of genarmic DMA at & conceniration of 26-50 ngul in the rep-PCR protecal,

Procedure for the DiversiLab DMA fingerprinting kit

Step 1: 56t up rep-PCR

B Frepars a master mixc

1. Allgw the contants of thi rep-PCR reagent box and 1he 10X PCR buffer (o thaw compastaly.

2. Vorbex briefly and centrifuge each reagent fube at 10.000 & g for 3 seconds,

3. In @ nuckease-free 1.5 mi microcentrifuge tubs. add the following amounts of reagents for sach amplification o be
parfarrmsd

= Preparation must be set up on ic2 or m a PCR cooier tray.

*  Wa recommend adding reagenis equivalent 1o one exira reaction for avery B-12 tests o be run (lo compensate far
volume lose durng plpetting). The volurmes of reagents provided are sufficient provided a minimurn of & sampies s run
per salup

Reaaeni VolumeReaction Humbar of Total Velume For Master
ge (L] Reactions Mix (L)
Rep-FCR MK1 18.0 H 18.0 = [N # extra)
GensaAmp” 10X PCR Buffer 2.5 H 2.5 x (M + extra)
Primmer Mix & 2.0 H 2.0 % [N + axtra)
AmpliTag” DHA Polymerase™ 0.5 H 0.5 & (M + extra)
Total Volume 23.0 H 23,0 % [N+ extra)
*Tag should be the |ast reagent added o the rmastsr mix and should be kept cold at all times.
W Allguot masier mix

Sl up & nuclease-free PCR fube for wach sample and conlrel in & cold block or joe. Label the tubes acconding 1o the job
wiorkshest,

Thareughly mix the contents of the master mix bube. Cenbifuge af 10.000 x g for B secands,
Aligquot 23 pL of the master mix into the bottom of 2ach PCR tube.
Paga 2af 3
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Add DNA to PCR tubes

1. Add 2 pl sample DMNA (concantration of 25-50 ngiul), Positive Contrel or Megative Control fo the botlom of the
coffesponding PCR lube, Pipetis up and dewn sevedal Bmes o mx

Cap the PCR tubes secursly. Gently tag tubes on benchbop to bring reagents to the botiom. Betum the tubss o the colkd
Block of ice,

e

Step 2! Perform rep-PCR amplification
1. Program thi (hermal cycler as shown baiow,

Rop-PCR Protocal = repPCR50
Initial denaturation: B4 Z min
Repeat cycle; 35 cycles
Danaturation: 94°C 30 sec
Annealing: 50°C 30 sec
Extension: 70°C 90 sec

Final extension: TOG 3 min
Hold; 4 =
2. For eptimal amglification, pause the program afte r afiewing the tharmal cycher b wanm 1o 24°C during inilial Sensturatian,
Insart thie PCR ubes info the preheated tharmal cycher,
Mote: The temperature of the block will drog.
Resume the program after the therma! cycler temperaturs retums 1o 54°C.
% Continue directly to DMA separation with the Caliper® LabChip device, or store rep-PCR product at 4°C or —20°C. See

“Instructions for Uise of LabChip®™ Devices.” provided with the DNA chips and DNA Chip Reagents and Supplies,

Paossible sources of arror

= Pure microbial cultures mus! be used, Mided or contaminabed cullures migy fesult in inconsistent Tngerprints
= Contamination of microbial cullures, mcampiete ysis of cells. carrpover of reagents used during DMA exiraction, and

Nuciuations during rep-PCR ampification may cauvse the ngerprints to be weak o absent, Contaci Bacterial Barcodes if
problems are encountersd.

References

1. Versalowic J, Schnaider M, de Bruiin F, Lupssl J, 1994, Genomic fingerprinting of bacterls using repetiive sequence-
based polymerase chain reaction, fdeth. fa! Cell Bie. 5:25-40,

2. Versalovic J, Koeuth T, Lupski J. 1851, Distribution of repetiive DMA ss2quences In eubacteria and application to
fingerprinting of bacleral genomes, Nue Asids Res. 19(24): 8323-5831

3, Versalovie J, de Bruijn F, Lupski J. 1998, Repellive sequence-based PCR {rep-PCR) DMNA fingerprinting of bacteral
genomes. In: Bacleral Genomes: Paysical Sterciure and Analysis. Chapman & Hall Mew York.

Contact information

Bactefial Barcodes. Inc T. BEE-473-7727 (tell Traa} infoddbacteriabarcodas com
425 River Road F. 708-543-5854 AN, ]
Athens, GA 30602 USA

This arficke or s use s covarad by one or more of the following LS palemts: 5523 217 and 5851, 136

Agilend is a ragistensd rademark of Agilent Technologes, nc.

AmplTag and Genssmp ane registerad irademarks of Applied Bicsystems Corporation in Bie Uniled Stabes snddor olher counines
Caipar and LobChip are regisiered tredemarks of Calipar Tachnologies Comporstion m tha Unstad Stales and/or athar countries

DliversiLab 15 a trademark of bokl&ama Inc
UlraClean ig a redemark of MO BIO Labaratones, Inc

43-03331 JULY 2007
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RESULTS OF DIVERSILAB TYPING: This part of the experiment was performed by the R&D

Microbiologie, bioMerieux, La Balme les Grottes.

Diversilab 3.2
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Figure 16: Phylogenetic relatedness of the isolates as determined by the Diversilab.
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KEY:

KEY NO ISOLATE
1 38
2 21
3 28
4 16
5 34
6 30
7 37
8 23
9 35
10 2
11 17
12 32
13 22
14 20
15 9
16 31
17 10
18 29
19 33
20 11
21 4
22 39
23 36
24 8
25 5
26 6
27 8
28 42
29 18
30 14
31 13
32 40
33 26
34 12
35 15
36 41
37 24
38 3
39 27
40 7
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Vim. 49, 2011

commefcial purposes. The suthors guaraniee tha
have the authority 1o comply with this palicy either di-
rectly or by mesns of material wansfer agiecments
through the owner.

Similatly, the authors agee 1o make availsble com-
pulct proglams, d‘lgnll:} in the authors’ lshoratory,
thal afe the only means of confirming the conchisions
feported in the article but that are not availsble com-
mictcially. The ptogram{s) and suitable documentation
Wh[rﬁ:ﬁjuthmﬂdb}mn{k

ing means: (1} as a program tramsmitted via the
Inicinet, (i) as an Internet server-based tool, or (iii) as
0 compiled of assembled form on a suitable medium
(€4, magnetic of optical), It s expected that the mate-
rial will be provided in a timely fashion and at reason-
able cost to members of the selentific community for
noncommetcial porposes. The authors guarantce that
they have the authority 1o comply with this palicy either
dircctly or by means of material transfer agreements

thot and the original publisher |L=Ht|u:= copytight
ewncr ) to feprodoce of modify figures (including maps
llﬂlﬂ:hmlnrtpmm:iin*fﬂrurm]nn;
from previous publications,

Permission{s) musi be obisined no later than the
modification stage. The original signed permission(s)
imust be identified a5 w the relevant itlem in the ASM
manusctipt {e.g., “permissions for Fig. 1 in JOMO0123-
11"} and submitted to the ASM production editor on
request. In addition, a ststement indicating that the ma-
tenal ks being reprinted with permission must be in-
cluded in the relevant figure legend or table fooctnoie of
tation matks. and the permimion statcment must be
included as running text of indicated parcnthetically.

It is expecicd that the authomn Hrr: ide written
assufance that pefmission o cite unpublished dats or
pefsonal communications has been granied. For supple-
mental material imtended for posting by ASM (see “Sup-
plemental Material™), if the authors of the JCM manu-
sctipt are not also the owners of the supplemental
material, the corresponding author must send w ASM
sighed permission from the copyright owner that allows

of the material, as a ment 1o the article, by
ASM. cofT ing nu ix also responsible for
incorparating in the supplemental matctial any copy-
right notices required by the owner.
Apthorship. All subhorn of & ipl st have
agteed to its submission and are for its con-
tent (initial submission and sny welsions),
inchuling appropriate citations and ledgments,
and must also have agreed that the corn au-

thor has the anthority to st on their behalf in all matters
pertaining to publication of the manuscript. The corre-
sponding author is responsible for obtaining such agree-

L PCM INSTRUCTIONS TO AUTHORS 3

menis and for informing the coauthors of the manu-
seript’s status throughout the submission, review, and
pu&uimptm itting a paper before all coau-
thors have read and approved &t is considered an ethical
violation, as is failure to credit someone whao qualifies as
2 coauthor; however, ASM does not itsclfl investigate or
sttempt 1o fesobe authorship dispuies.

T el s sl st o ot
{1 ot EAECUTA O
S S N e
the entire paper. Individuals who provided sssistance,
€.5., supplicd strains or of critiqued the paper,
need not be listed as suthors bor may be recognized in
the Acknowledgments section.

A su i, surveillance team, worki oup, cishe
mnhmfl?;rsrhﬁ\{k: {e.g., the Active Bm';nl'? L"mfhe Sur-
veillance Team | may be listed a= a coauthor in the byline
il its comributing membets satisfy the mends for

ip and accountability as described in these In-
structions. The names ( institutionsl affilistons if
desired) of the contributing members only may be given

in & footnote linked 1o the name in the
Wﬂy-mwﬁgﬁw
mChts section.
If the conuributing members of the aswciated
0] responsibility t, the
mmmh!ﬁuﬂhﬂ:mﬁm@ﬁu.%h
and the names of its contributing members may be listed
in the Acknowledgments section.
All authors must agree 1o the order in which their
names are listed in the byline. Statcmenis mgm‘!icnjg
equal coniributions by two of more anthors (eg., “X.J.
and Y.5. conttibuted equally to_. ") are permited as
fooinotes to bylines and must be agreed 10 by all of the
authors, Other staiements of atribution may be in-
cluded in the Acknowledgments section
A change in authorship {order of Iisting, addition or
deletion of a name, or cor ing suthot desd
tion) afier submission of the ipt will be imple-
menicd only afier receipt of signed sintements of agree-
ment from all imvolved.

% ahout authorshi delay or prevent re-
dcmmar publication of Smm:smunc::'rlpt. Should the
individuals imvolved be unable to reach an sccord, re-
view und/or publication of the manuscript can proceed
only afici the matier is investizated and resolved by the
authors' institutionis) and an official 1 of such and
signed simements of agfcement are provided 10 ASM,
Conflict of interest

All suthors are expected 1o disclose, in the manuscript
submittal ketier, any commercial afilistions as well as
consul stock of equity interests, and patent-li-
consing arrangements that could be considered 1o pose a
conflict of interest regarding the submitied manuscript.
{Inclusion of a company name in the author address

lines af ihe manuscript does not constiuie disclosure. )
Dewnily of the disclosure to the editor will remain con-
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fidential. However, it is the responsibility of authors 1o
provide, in the Acknowledgments section. & general
statement dischosing inancial of othef relationships that
afe felevant to the study. Examples of potentially con-
Ricting interestz that should be disclosed include rela-
tionships that might detract from an author’s objectivity
in presentation of study results and interests whose valoe
would be enhanced IJ}_ the results presented. All funding
sources. for the project, institutionzl and corporate,
should be credited in the Acknowledgments section, as
described below. In addition, if 8 manuscript concerns a
commercial product, the manufacturer's name must be
indicated in the Materials and Methods section or else-
where in the text, as appropriate, in an obvious mannet.

Copyright

To maintain and protect the Society’s ownership and
rights and to continoe to afford scientists the opportunity
to publish in high-quality journals, ASM requires the
corfesponding author to sign a copyright transfer sgtee-
ment on behalf of all the authors on scceptance. Unless
this agreement is exccuted (without changes and/or ad-
denda}, ASM will not publish the atticle.

In the copyright transfer agreement sighed by an au-
thot, ASM grants to that author (and coauthorsj the
right to republish disciete portions of hisher [their)
afticle in any other publication (pring, CD-ROM, and
othef electionic forms) of which hefshe is (they are) the
author(s) or editor(s), on the condition that appropriate
credit is given to the originel ASM publication. This
republication right also extends to posting on a host
computet to which there is access via the Internet. Ex-
cept as indicated below, significant portions of the article
may not be reprinted/posted without ASM's prior writ-
ten petmission, however, as this would constitute dupli-
cate publication.

Authors may post their own published articles on their
personal or university-hosted (but not cotporate, gov-
efnment, of similar) websites without ASM"EJ:n‘iDI' writ-
len permission provided that appropriate ctedit is given
(Le.. the copyright lines shown ai the top of the frst

e)-

e copytight transfer agreement azks that authors
who were US. government employees and who wrote
the article as part of their employment duties be identi-
fizd. This is becanse works authored solely by such ULS.
government employees are not subject 1o copyright pro-
tection, =o thefe is no copyright to be wansferred. The
other provisions of the copyright transfer apreement,
such as anthor representations of orginality and author-
ity to enter into the agfeement, apply 1o US. govern-
ment employec-authars as well as o other anthorns.

Copvright for lcmental material (sce “Supple-
mcntﬁqﬂ.clial"jﬂrﬂains with the author, but a ligl:]:ls:
permitting the posting by ASM will be sent, along with
the article mpyfig}l transfer agrecment, o the coite-
sponding author signing at the scceptance stage. IF
the authot of the arcle is hot also the copyright owner
of the supplémental matetial, the corresponding author

J. LN, MIcwaRal.,

must send 1o ASM =i permission from the owner
that allows posting of the materizl, a5 a supplement o
the article, by ASM. The coftesponding anthor &= also
responsible for incorpotating into the supplemental ma-
tefial amy copyfight notices requifed by the ownet.

Funding Agency Repositories

The National Institutes of Health (WIH) requests that
its grantee and intramural authors provide copies of
their accepted manuscripts o PubMed Central (PMC)
for posting in the PMC Public Access Repository. How-
ever, JCM authors are automatically in compliance with
thiz policy and need take no action themselves. For the
past several years, ASM has deposited in PubMed Cen-
tral all publicaticnzs from all ASM journals. Further,
ASM policy is that all primary research articles are made
aveilable w everyone, free, 6 months after poblication
through PubMed Central, HighWire, and international
FPubMed Central-like repositoties. By having initiated
these policies, ASM is in full cumEIiann: with NIH pol-
icy. For more information, see hivp:/publicaccess.nih
oowf. ASM also allows JCM authors whose work was
supparted by similar funding agencics that have public
access fequitements like those of the NIH {c.E_ the
Wellcome Trust) 1o post their accepted manuscripts in
publicly accessible electronic repositories mainiained by
those funding agencies. If a funding agency does not
itsell maintain such a site, then ASM allows the author
tix fulfill that requirement by depositing the manuscript
{ ot the typeset articke) in an appropriate institutional o
subject-based open fepository cstablished by a govern-
ment of noncommercial sntity.

Simce ASM makes the final, typeset articles from its
pd’ima?'-rcmrci: journals available free of charee on the
ASM Journals and PMC websites 6 months atter final
publication, ASM recommends that when submitting the
accepted manuscript to PMC or a similar public access
site. the author specify that the poesting release date for
the manwscript be no earlier than 6 months after pub-
lication of the tvpeset article by ASM.

Use of Human Subjects or Animals in Rescarch

The use of human subjects or other animals for re-
search purposes is regulated by the federal government
and individual institvtions. Manuscripts containing in-
formation related to human or animal use should clearly
state that the research has complied with all relevant
federal puidelines and institutional policies. Copies of
these muidelines and policy statements must be available
fior review by the editor if necessary,

Patient [dentification

To protect the privacy of individusls mentioned in
clinical siudies, in case histofies, and as soufces of iso-
lates, do not ientify them by theit initials, even as part
of a strain designation. Change the initials to numerals
of use randomly chosen letters. Do not give hospital unit
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sured, authors should indicate labor strain desi
tiohs and donor sources mwcll:nmrndgmxl' d::E::
collection identification numbers,

Mycollank
clatural and descriptive mu=t be deposited in

W{iqn'hiw“p_-{ﬁcw
accession oumbet(s | mast be incleded in the manuscript
80 laics than the modification stage of the feview pro-
oo [t is cxpocicd that the data will be released 1o the
public no later than the publication [online posting ) daie
of the manuscript, Authols are choouraged to
send the felevant dats with their original submission,
however, so that reviewers can examine them along with
the manuscript. The acoession 8) should be
listed in a separate paragraph st the end of the Maicrials
and Mcthods scotion for full-lengih papers or at the end
ol the text for Noees.

Supplemental Material

should be restmicted primarily 1o large of complex dats
scts of fesults that canmot 1o be di in pro
e
matcrial may include dats from microatray. structural,
biochemical, or video imaging . In such cases,
the manuscript spbmiticd feview should include a
distillation ol the resulis so that the principal conclu-
sions are fully supparted without fefetral to the supple-
mental material.

MB (20 MB for movic files). If your file cxcceds dhis size,

must mse the file WinZip 1w
reduce the file sire. The dechion to {ie, post
online only) the material with the arucle if it is accepted

will be made by the editor. ASM will post no more than
10 individoal supplemental files with an individeal ani-
cle. It is possible that » manuscript will be sccepted but
that the supplemental muterial will not be.

To ensurc broad accoss, supplemental files should be
submitied in the following standard formats:

(i} Text. Word, RTF, ot PDF fl=

1&hm.m igh-tesolution PDF. IPEG,
o formas. figutes should not be em-
bedded in the manmsctipt teat

(i) Tables. Word, HTF, or POF filc=

{iv) Data sets. Excel {.xls), RTF, TXT, or PDF files.

(¥) Movies. Andio Video Interlcave (aavi), Quicktime
(.mov), or MPEG filce. All movies should be submitted
at the desired reproduction size and length.

I Curs. Mmoo
Unlike the m ipt, supplemental material will not
be edited by the ASM stuff and proofs will not

be made available. Refesences related o

matctial only should not be lisied in the Etehoss
section of an anticle; instead, include them with the sup-
plemenial matcrisl bostcd by ASM of posicd on & per-

Hﬁr:llhhbmpﬂindmﬁﬂyiprhd
: Flargangess
iy g et Sy, g
publication should be made in the manuscript e
Copyright for the supplemenial material remains with
the authos, but a license permitting the ing by ASM
mmhiymdhylkmrq:mguhﬂ.hpum
not the i mm.pnmn;ﬂpmﬂ:mﬁﬂﬂ
o e :

Warraatics and Exclasions
Astcles published in this journal represent the opin-
joms of the authors and do not represcnt the

o kg gl e o o
s ty, for any putpose, me
mﬂ&vhrdmrﬁudmﬂ.?nﬂhdinm:ﬂd:.
use ol wrade names is for i-dmdhumgu‘pum
only and docs not constitsic endorscment by ASM.

SUBMISSION, REVIEW, AND PUBLICATION
PROMESSES
Submussion Process

All submissions o JOM must be made clectronically.
In 2001, the ASM § ki ¥

pest review system. Journals will be transitioned one by
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To expedite the review progess, authors must recom-
mond at least thiee editorial board members who have
cxpertise in the field, who arc not members of their
imtiintion{s), who hoe not focently boen associsted
with their laboratory{bes), and who could not otherwise
be considered to pose a conflict of imicrest regarding the

is submitted 10 the journsl it =
Wamﬂ-dmnd:u[:.ﬁ.. JOMODO04T-11 version 1)
and assigned to one of ihe ediior (Always refer to this
control number in commumications with the editor and
ihe Journals Department. ) It is the responsibility of the
coffesponding author 1o inform the coauthors of the
manuscript’s status throughout the submission, review,
and processes. The fevicwers opefate under
srict set forth in “Guidelines for the Review-
en” [ijh-v;nﬂﬂmmﬂhmm-pdnﬂh
and afe cxpected o complete their fovicws cxpedi-
oously.

hu'md{nrﬁuhjudtiusrmndutqnmduﬂb-
drmwn manuscript and regardless of how much dme has

passed.
For all resubmissions (to the same of a different jour-
nal, irfespective of the extent of the revisions, and irre-
Idﬁ:mﬂdmhﬂmu]mud

ipts tesubmined to the same pournal

asc normally handled by the ofiginal oditor.
i ipts may be resubmined ome
unless has been obisined from the original

editor of from the editor in chiell

2 MM INSTRUCTIONS TO ALTYIORS 7

Notification of Acceplance
When an editof has decided thai a man

ceptable for publication on the basis of scie
the author and the Journak Department are mlﬁnd.h

PDF version of the accepted

IIH.'-"

huchwuprqm‘ul-m

hlmmﬂm-ﬁm

Iu:nllhlﬂmmdmbc-hthllum is

scheduled for the noxt available issue. The © sual
of the ipt to bins it into coaformity with pre-
scribed

JOM Accepts

For is pri journals, ASM posts onling

ti:wud-.ndmpmd

is called lfurunl

cepis) and mﬂk&mﬂr]ﬂumkm

man afc hed online as sobn as

T e p i & il R, o inge
typesct articles are published. are

e s ANM v

catin ) and do not reflect

Hummfch” nﬂ:l’ﬂl:m_nwdn-cp-

wmmﬂhdm&

recen the JOM Accopts manuscripts and the final,
muﬂhmmmwmmﬁ

e

uniil ihe fimal typesct aftcles are postod.
Mﬁumm:mmmdﬁmtﬁ:
JCM Accepts page. The ate under subscrip-

i elecoo via a PDF file that
SR e
authors h:mlﬁ:ddﬁ:wuhhdhﬂf

mmdhmhmuld’nrml:
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about ints, und color figure charges {if
Ipplﬁm, mﬂgmrf;dlhcir unique password via e
mail, an c-mail address must be supplied in the corre-
spandent foomote. Failure o do so may result in a delay
in publication. The PDF page prools must be printed
oiil, and corrections must be written on the hard copy.
CQucrics must be answered on the query page of on a
scparate sheet of f, and changes related to the
mhmh&@mﬁpwﬁ?ﬁlﬂnﬁn&c
copy editor does not Bl every instance whefe &
change has been made. Querics afe wrilicn only o 1c-
Elm_hhr-mn' ion of clarification of an un-
passage of 1o draw attention 1o edits that may have
alered the sense. It is the suthor's responsibility to read
the cntite text, tables, and figure Io not just ilcms
queried. As soon as the % are coffected and
signed by the person whoe prooftead them (within 48 ),
they should be mailed or seni by o courier service such
s FedEx, not faved of sent ax an e-mall attachment. 1o
the ASM Journals Department, 1752 N St, N.W., Wash-
m, DHC BH36-2004.

oaf is not the time 10 make cxtensive
mrxﬂﬂ;nﬁgms,mdr_mm.ﬂpmumqap
peat in the prooks are for validation of content and
placement. not quality of jon of color aoou-
racy. Print cutpot of figurcs in the PDF page proofs will
be of lower quality than the same figures viewed on 2

monitor. Please avoid making changes to figutes based
on quality of color or reproduction in 3
Impoitiant new information that has available

between acoepiance of the manuscript and receipt of the
proafls may be inserted as an addendum in proof with the
permission of the editor. If references o unpublished
data of personal communications are added, it is ex-
pected that written assurance granting permission for
the cltation will be included. Limit changes to cotrection
ol spelling errofs, incormect data, and grammatical crrors
and updated information for references 1o articles that
have been submiticd of arc in press. If URLs have been
provided in the article, the sites to chsure that
the addresscs arc still sccurate and the matcrial that you
expect the reader 1o find is indeed there.

Questions show fme proofs and roblm in the
proofs should be directed o the ASM Journals Depart-
mend {(e-mail, chrowni@ asmusaorg: telephone, 202-947-
9384). Questions about accessing ot viewing your PDE
proofs should be ditecied 1o Katie Gay of Cadmus Com-
munications at BH-261-3155 o gaykidvadmus.com.

PDF Files

A corresponding auther who has included an e-mail
address in hisher “oorr ing author”™ footnote will
have limited access (10 total) to the FDF file
of hivher publi article. An e-mail alert will anm-
matically be zent to himher on the day the isuc &
posted. It will provide a URL, which will be tequired to
obisin access, and instfuctions. An articke may be
viewed, printed, or stored, provided that it is for the
author's own use.

1 Cam Mmoo

i e piper i G otpuaind-Sere
n puper ir own use, the corre -
&Ewmyptm'hi:m:mwilhﬂtﬂﬂhum 3!]::
articke may not be forwarded clectronically. ﬁu
they must be made aware of the terms and conditions of
the ASM copyright. (For details, po (o hupywww
Journaleasm.orgmisciiermsdil) Note that cach such
download will count 1oward the ing suthot's
total of 1. After 10 downloads, scoess will be denied
and can be obtained only through a iption to the
youmnal (cither individual or instimtional) of afietr the
siandard access control has been lificd (e, 6 months
afier publication).

wevel,

Publication Fees

Puge charges.  Authors whose research was sy ted
by gramts, special funds (including dq:mnmlp ap:: in-
stitutional}, of contracts (including governmental) or
whose reseatch was done as pant of their official duties

{ mmeni of corporate, cic.) &fc fequired 1o
(based on nnb:r}uh}puuplp
ing jons, in the article).

For a corresponding author who is an ASM member.
chatges are curtcntly $67 por page for the first
ﬁlpﬂplﬂﬂ!lﬁ[ﬂ”ﬂﬂtﬂ:ﬁ in excess of
cight {subject 1o change without notice). To obtain the
mbﬂnmbct fate, the cortesponding author must be an ASM
qu-uuﬁbn* authar, i
afe cutfent r for the first o pages
5250 for e mﬁhmdqh [mhlful to chunge

‘without notkee). A corfesponding author who is not an

ASM member ngniuﬁﬂldmnhuiuthcmmhm'rn:.
If the rescarch was not supporied al the means
described above, a request 1o waive 'gu may be
sent (o the Joutnals Department, ASM, 1752 N Su,
N.W., Wahi DC 200362004, USA (fax, 202-042-
9335, e-mail, aluckeyi@asmusanig). The Tequest must
include the mammcript control number .nug'cd by
ASM and indicate how the work was aivers
o ity for color
ml?d uﬁﬂ”puhhmnmbﬂ femains with the au-
thor,

Minireviews, Commentarics, and Commeni Letiers o
the Editor arc not subject to page charges. New-Data

Letters 1o the Editor are subject o0 page charges.

Enhrchr The cost of peblishing in color must
be borne by the suthor. a4

For m author who is an ASM member,
eolor charges arc currently $170 per color figure (subject
1o change without notioc).

For a mmﬂ;‘nnmndmg suthor, colof
chatges ate curtently 3373 per color figure (subject 1o
chwpmm' ) A coft ing muthor who is
not an ASM member mizy join 1o the mem-
ber rate.

Minireviews, Commentaties, and Comment Letters o
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the Editor are not subjgect o color charges. New-Daia
Letters to the Editor are subject 1o color charges.

Reprints. Reprine (In mubiples of 100) may be pur-
chased by all coauthary, In the E:mf notificat on e-mail,
the corresponding author will be instructed how 1o nc-
cess information about reprinis,

The o ing author of Minlievicws and Com-
mentarics may X free reprints of their coniri-
bution; additional reprints (in multiples of 100) may be

purchased if desired. As for regular anicla, the cofte-
sponding author will be instructed, in the proof notifi-
cation e-mail, how to access information about foprines.

Supplemental moterial fee. Authorn are charged a

flat fee for posting supplemental matenial s an dj
t their pm article. For 2011, the fee is 3190,

(Exoeptions: no fee is charged fof supplemental material
et it Ml sics of l'.'umP:enlntin.}

Optivaal vpen sccess fee,  Author optonal open
sicem (O0A) is now available for all articke types. The
EII&EMNhhhdﬂﬁmk-Lqu
dup.mlu::i:nqphmdlumﬂd gee
and permits i plﬁh;mlnh::hpmh-
ihary =, " version and the it ver-
ﬁm:mhhnnh'mwmmwih
addition 10 the open accens alrcady provided through
NIH's PubMed Ceniral nr:rnutntr all primary research
ﬁ:blhhdiuASMjuur n in frecly avallable through
bMed Central & months ufier publication,

ORGANIEATION AND FORMAT

Editorial Style

The editorial style of ASM j conforms o the
ASM Snie Manual for l«il-nmriun Socicty for
Mictobiology, 2011, in-house document) and How To
White sl IWM. fth ed. (Creenwood
Press, Westport, CT, , o interpreted and modified
q-uwmwmmhrmmr rment,

The editors and the Journals Department eserve the
privilege of editing manuseripis 1o conform with the
stylistie conventions set forth in the aforesald publica-
tions and in these Instructions,

O tecoipt ot ASM, an socepled munuscript under-
goes un automated preediting, and tagging pro-
w-q:miﬂtlnth:pluwllru'lkkp' To optimize
this process, manuscrips must be iod iin the cofrect

T ion of the ip dowle
o DTSy poson of s mumact e s

nds, table footnotes, and References, ard numbet

in ing the abstract,
cocl o tbics. Plce the st tvs s afst he Rol-
efencen section. Manusctipt pages must have line hum-
bers and page numbers. Manuscripts without line and

W01 M INSTRUCTIONS TO AUTIIORS &

page numbers will be returned to authom for provision
ol this information peior w pr ing. The font see
should he no smaller than 12 points, It Eunmmm:nd:d
that the following sets of characters be cusily distinguish-
able in the manusctipt: the numeral scro (1) and the
letter “uh™ (O); the num::l oie (1), the lener “el® (1),
and the letter “eye” (I); and a multiplication sign { )
and the letier -c:ﬁ;:hnummmmuu? i
of use special fonts that are external 1o word pro-
coming program; use the “insen function. Sei
the page sire 10 8 by 11 inches (ca 206 by 28 cm).
labicire any wotds should appeat in alic, and
indicate aph lcad-ins in

Authors afe unsure of proper lish wange
should have their manuscripts checked by someane
licient in the English language. b e

Manaseripts may be editorially rejectid, without re-
view, an the basis of poor English or lack of conformity
to the standards sei forth in these Instructions

Full-Length Papers
Full-length papers include the clements described in
this section.

Title, running title, and byline. Each manuscript
should the tesults of an independent, whahe
studhy; numbered scrics titles are not permited. Ex-
sftise cafe in composing a title. Avoid the main ttle/sub-
lithe artangement, complete sentences, und unhecesury
articles. On the titke page include the titke, the running title
{mot o exceed 54 characten and spaces), the name I:fmh
author, the nddress(es) of the institution(s) st which the
work was perfirmed, cach author’s affiliation, and a foot-
niole | the es) of any authot{s) no
U T T
Mace an mtcrisk afier the name of the author 1o whom

mmmrﬂhm:u

Study group in byline. A study group, survelllance
team, working consortium, of the like 'l:;!"' the
Active Bacierial Core Surveillance Team) may be hsted
as i coauthor in the byline if its contributing membery
satisfy the requirements for authorship and sccountabil-
ity described in these Instructions. The names (and
institutional abfilistions i desired) of the contributing
members may be given in & footnote keyed 1o the study

mm:md:byﬁ:mn-mpng:phin

If the contributing members of the group associaied
with the work do not fulfill the critena of substantial
conttibution 10 and ibility for the paper, the
group may not be listed in the byline. Instead, it
and the names of ity contributing members may be listed
in the Acknowledgments section.

Correspondunt footnote. The complete matling wd-
dress, a wingle telephone number, a single fax number,
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Appendines. Appendines that contain sdditional ma-
terial to aid the reader are permitted. Tiles, anthors,
amd refefence sections that are distinct from those of the
primary atticle are not allowed. If it is not feasible to [t
the author(s) of the ndix in the byline or the Acknowl-
cdzments section of the primary articks, rewrite the appen-
dix 50 that it can be considered for publication as an inde-

dent article, either of Note syl

tables, and figuies = Ibeled wiih the

“A"prmadmgu:cmmuﬂtn:ismgmhﬂwmﬁum
those cited in the main body of the =xt

References. (1) References histed m the References
sechion. The References section must include all gowr-
nal articles (both print and oaline), books and book
chapters (both t and online), patents. theses and
dissertations, poblished confefence procoedings. meet-
ing shsiracts from published absiract books of journal
supplements, letters (o the editor). and company pub-
licatsons. as well &5 in-press journal articles, book chap-
tefs, and books (publication title must be given). As we
nes the Ftatinn-names relerence lr.lyln- ATTRAmEE the rita—
tons in alphabetical omder (leticr I:n.- letter, ionor
spaces and punctuation) by first-author :::5
number consecoirvely. P'!m‘ld:lhcnmcsufallh:m—
thors for cach reference. All listed references must be
cited nthetically by number in the texi. Since tile
and line information that 15 downloaded from
PubMed does not always show accents. italics, or special
characters, anthors should refer to the PDF fikes or hard-
copy versions of the artickes and incorpofate the neces-
safy coffections in the submitted manuscript. Abbteviate

names accofding to the PubMed Journals Daia-
base (Nptional Libraty of Medicine, National Instituies
of Health; available at httpe//www. nchbindm.mh gov/sites
fentrez?db=jouinals), the primary souroe for ASM style.

Follow the snyles shown in the cxamples below for
print refetences.

L Alexander, T. W, et al. 28, Effect of subtherapeu-

tic administration of antibiotics on the prevalence of

antibictic-resistant Fscherichia coli bacteria in feed-

ot canle. Environ. Microbiol. 7444054416,

Cox, C. 5., B R Brown. and J. C, Smith. J. Gen.

Genel, in press.® {drticle title is optional; jowrnal titls

iz mandasory. }

3. da Cesta, M. 5., M. F. Nehre, and F. A. Rainey.
2001. Genps I Thermos Brock and Freeze 1969,
293, emend. Nobre, Traper and da Costa 1956Gh,
&05, p. 404414, I D. E. Boone, K. W. Casten-
holz, and G. M. Garrity (ed.), Bergey's manual of
systematic bacteriology. 2od ed., vol. 1. Springer.
MNew York, NY.

4. Elder, B. L and S. E. Sharp. 2003. Cumitech 37,
Competency asscssment in the climical Isboraory.
Coordinating ed_, 5. E. Sharp. ASM Press, Washing-
ton, DIC.

. Falagas, M. E., and 5. K. Kasiakon. 2006, Use of
international units when dosing cofistin will help
decrease confusion related to vanous formulatons

|
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of the drug around the world Antmicrob. nis
Chemother. S2IT4 2375, (Letter) {“Letter”™ or
“Leiter fo the editor™ is allowed but not reguired at the
end of sich i emiry.}

6. Fitzperald. G., and D). Shaw. fu A E Waters jed.),
Clinical microbiology. in press. EFH Publishing Co.,
Boston, MA_* {Chapter title is optioinal )

7. Forman, M. 5. and A. Valsamalkis. 2003, Specimen
oollection, L, and ing: vifology, p.
1277-1241. fn P. R. Murray, E. 1. Baron, M. A
Pfaller, 1. H. Jorgensen, and B H. Yolken (ed.),
Manual of clinical microbiology, Sth ed. ASM Press,
Washingion, DHC

L. Garcia, C. 0., et al. 1%, Detection of salmonella
DNA in synovial membrane and synovial fuid
from Latin Ameficah paticnis. Arthritis Fheum.
39 Suppl. 25185, [Meeting abstract published in jour-
mal stpplement_)

9. Greem, P. N, D. Hood, amnd C. 5. Dow. 1984, Taxo-
nomic status of some methylotoophic bacteria. po
251254 In B L Crawford and B 5. Hanson (ed.),
Microbial growth on C; compounds. Pr of
the 4th lui.E:'lmmna.l.'r:rm S Ammﬁdmgmw
for Microbiclogy. Waslnngnu.. DC.

10, Odell, J. C.April 1570, Process for batch culturing.
LLS. patent 484 363,770, {fnolisde the name of the
pateniied fiemiprocess i possible; the patent niomber ix
mavidaton. |

11. O'Malley, . R 1998, Ph.D. thesis. University of
California, Los Angeles, CA_ [ Title is optional |

11 Rotimi, V. 0. N. 0. Salake, E. ¥. Mohaddas, and
L. P. Philip. 2005, Abser. 45th Intersci. Conf. Anti-
microb. Asents Chemother., abstr. D-1638. {46
siract ditle is optioral.)

13 Smuth, D.. C. Johnson, M. Maser, and J. J. Maorer.
20605, Distribution of fimbrial, phage and plasmid
mssociated vimlence genes nmong Salrro-
nells emierica sctovars, absir, PAAE, po 445 Absir,
105th Gen. Mect Am. Soc. Microbiol. American
Society for Microbiology, Washington, DM, {46
stract title is optional }

4. Stratagene. 2006, Yeasi DNA solation sysiem: in-
stiuctinn manual Stra La Jolls, CA_ {Lise the
COMIENITY Farme 45 the o if none is provided for a
company publication. )

*A reference o an in-press AS ication should

nmlcih:mntrulnumbml:_;..] 1l ifitis &

journal article or the name of the publication if it is a
book.

Online references must provide essentially the same
information that print fefefences do. For online journal
articles, posting or revision dates may replace the year of
publication, and a DOI or THL may be provided in
addition to of in fieu of volieme and page numbers. Some
examples follow.

L. Charlier, D)., and N. Glansdorfl. Scpicmber 2004,
posting date. Chapter 3.6.1.10, Biosynthesis of argi-
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nine and amines. fn B. Curtiss 111 et al. (ed.),
Emﬂ terichia coli and Salmonella: cellular and
molecular biology. ASM FPress, Washington, DC.
httpofwew ecosalorg’. {Note thar each chapter has is
own posting date. }

2. Dhonne, M. 5., and I). 8. Schoeider. 2002, Screening the
fruitfly immune system. Genome Biol 2:REVIEWS1010.
hitpaigenomchs -cormy 02 reviews 1010,

3 SmitE:F. X.. H. J. Meranos. A. T. Brunger, and
D. M. Engelman. 2001. Polar residues diive associa-
tion of polyleucine transmembrane helices. Froc
Natl. Acad. Sci. U, 5. AL 9B:2250-2255. doi:10.1073
/pnas.[4 1593608,

4. Winnick, 5., D. (), Luecas, A, L. Hartman, and I, Toll.
20005, How do you improve compliance? Pediatrics
1152718724,

MNote: a posting or accession date is fequired for any
online reference that is periodically updated or changed.

(if) References cited in the text. References to un-
published data, manuscripts submitied for publication,
unpublished conference presentations (e.g. a report or
poster that has not appeared in published conference
proceedings), personal communications, patent applica-
ticns and patenis p-:ndin‘?. compute! software, data-
bases, and websites should be made parenthetically in

the text as follows.

.. .similar results (R. B. Lavton and C. C. Weath-
ers, unpublished data).

<..mytem was used (J. L. Mclnerney, A F.
Holden, and F. M. Brighton, submitted for pub-
fication).

.o a5 described previously (M. G. Gordon and
F. L Rattner, presented at the Fourth Sympo-
sium on Food Microbiology, Overton, IL. 13 1o
15 June 1989). {For nonpublivhed abstracts and
powters, efc.

...this new process (V. K. Smoll, 200 June 1969,
Australian Patent OMfice). (For non-US. patent
applications, give the date of publication of the
application.}

... mvailable in the GenBank database | hitp:/iwanw
ncbinlmnib gov/genbank/index himl).

... using ABC software (version 2.2; Department
of Microbiology, State University [hitpe/isnaw
state.micro.edu]).

URLs for companies that produce any of the produects
mentioned in your study or [Dl'HFl'I:HjUEIS heing sold may
not be included in the article. However, company URLs
that permit access o scientific data related to the study
of to shafeware used in the study afe permitied.

(iii) References related to supplemental material.
References that are related only to supplemental material
hosted by ASM or posted on a personalinstitutional wih-
site should not be listed in the Refefences section of an
articke; include them with the supplemental material iself.

J. Cren. Miciopnl.

(iv) HReferencing ASM Accepts (publish-ahead-of-
print] manuscripis.  Citations of ASM Accepts manu-
scripts should look like the following cxample.

Wang, G. G. M. P. Pasillas, and M. P. Kamps. 15
May 2006, Persistent transactivation by Meisl re-
places Hox function in myeloid leukemogenesis mod-
cls: evidence for co-oocy of Mei=1-Pbx and Hox-
Piw complexes on promoters of leukemia-associated
genes. Mol Cell. Biol doi10.1128MOCBIN586-06.

Oither journals use diffefent styles for thei
pul:rlish-a.gl:ad—uf-prl'm manuscripts, but citation entries
must include the following information: author name(s),
posting date, title, journal titke, and volume and page
numbers andior DdL The following is an example:

Zhou, F. X., H. J. Menanos, A. T. Brunger, and

I M. Engelman. 13 February 2001, posting date,

Polar residues drive assocation of polyleucine trans-

membrane helices. Proc. Nail. Acad. 54. U 5. A

doi: 10,1073 pnas 041593698,

Notes

The Note format is intended for the presentation of brief
observations that do not warrant full-k papers. How-
ever, Noies should contain firm data; rvations alone
are not scceptable. Submit Motes in the same way as full-
length papers. They receive the same review, they are not
published more rapidly than full-length papers, and they
are not consideted preliminary communications,

Each Mote must have an abstract of no more than 30
words. Do not use section headings in the body of the
Note; combine methods, results, and discussion i a sin-
gle section. Paragiaph lead-ins are permissible. The text
should be kept to a minimum and if possible should not
exceed LK words; the number of cs and tables
should also be kept to a minimum. Materials and methods
should be described in the text, not in figure legends or
table footnotes. Acknowledgments should be presented as

in full-length papers, but no scparate hcadmﬁ is used. The
Feferences section is identical to that of full-length papers.

Mimirev:

Minirevicws afe expected o be focused discussions of
defined topics relevant to clinical microbiologists, In
general, they ate to be submitted only following invitation

the editor in chicl of JCM. Unsolicited minireviews are

aged. A topical outline should be provided 1o the
editor in chief for approval prior 1o submission of the
completed miniteview manuscript in the online manuscript
submizssion and peer review system.

Minireviews are not expected to be comprehensive
reviews of the literature but rather focosed discussions
of specific topics. A standard title page should be pro-
wided. This is followed by an abstract of 100 words of less
and then the text of the minireview, which should not
cxceed 12 dovble-spaced manuscript pages in fength,
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and indicates that within that data set at least two groups
differ from each other. The overall £ value does not
indicate which wo groups are different. The main P
value and the m‘:lnﬁ 1" value should be computed by
using a posi hoc tesi. For ANOVA, these post hoe tests
nre waually Dunneit’s test (used 1o compaie multiple
experimental groups toa singhe control), the Fisher pro-
tecied least significant difference (PLSD) iest the
Tukey-Kramer test, and the Games-Howell test. Others
mniL used. Note that each poxt hoc test has certain
underlying assumptions that may ol be applicable to
the data under amalysis. For o Kruskal-Wallis nonpara-
metric ANOVA, the Dunn procedure is appropriate: to
generate P values for two-gloup comparisons,

{vi) Data presented as endpoints (1o, LD, and 105,
cic.) contain both the calculared value and o confidence
interval with a stutistical significance nssociated with il
(US55, 00%, ar similar confidence interval ), caleulated by
logit or probic analysis. Simple LD, values such as
Reed-Muench calculations may not be used alone,

(vii) When samples are taken multiple tmes lrom ane
eaperimental entity (e, multiple seium samples from
one animal, gross pathology scotes measured for the
same animal over time of growth curves, ele.), one
cannot use analyses such as 1 lests, ANOVA, or the
Mann-Whitney test, etc., because these tests assume
that each measure is independent. An entity with a
high score on day | is more likely to hive o high score
ot day 2 than is an catity with a low score, [t is likely
that some expert statistical help will be needed for
these siuntions, ususlly involving regression analysis
of survival analysis, ele.

{viii) Statistical sighificance and biological significance
nre not the same, There is nothing magical about a P
value of 005, When results fram large sample slzes are
compared, a P value of <0.05 will ofien be obtained, as
F value is u function of both sample stee and effect size.

I ICM INSTRUCTIONS TO AUTHORS 2

If sample sizes are large, then more-figorous {ie.,
smaller) / values be desirable. If sumple sires are
small, P values of =005 may still be imporeant. There
ghould be both stmistical and biological significance w
the results and conclusions in the manuseript

For a review of some commeaon errors associated with
statistical analyses and reports, plus guidelines on how w
avold them, see the article by Olsen [Infect Immun
TEG689-6692, 2003).

For a review of basic matisticnl considerntions for vi-
rology expetiments, see the u.rhcl:l::g Richardson and
Overbaugh (). Virol. 79:660-676, 2005).

Isotopically Labeled Compounds

For simple molecules, labeling is indicated in the
chemical formula (e.g, 00, "TH0, and H.=80,).
Brackets are not used when the fmmp.iu symbal s
attached to the name of & compound that in its natural
state does not contain the element (e.g., He-ATPF) or
to n word that is not a specific chemical name (e.g,
"]labeled protein, “C-amino acids, and *H-li-
gands).

For specific chemicals, the symbol for the isptope in-
iroduced is placed in square brackeix directly preceding
the part of the name that describes the labeled entity.
Note that configuration symbols and modifiers precede
the isstopic symbol. The following examples illusirate
errect usage!

[ Jurca UL hucose
|-|m~r-"clr-u1ha'm£n: E enli [CP{DNA

[2,3-"10 e rime frustime 15 =P fhispbenphas
[ lymime Iy AT

JOM follows the sume conveniions fof isotopic label-
ing sx the Jotrnal of Balogleal Chenatsery, and more-
detadled information can be found in the instructions o
authors of that journal (first issue of cach year),

148





