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ABSTRACT

Studies comparing the performance of Vitek®2 against manual broth micro-dilution (mBMD)
for colistin susceptibility testing have yielded conflicting results. Although the latter is the
recommended reference method, it is not readily available. A retrospective analysis was
performed to assess the performance of Vitek®2 against mBMD on colistin minimum
inhibitory concentration determination in extensively-drug resistant A. baumannii isolates and
to determine the epidemiology of these isolates at Charlotte Maxeke Johannesburg Academic
Hospital. Vitek®2 performance as compared to mBMD was as follows: categorical agreement
89%, essential agreement 56%, major error rate 8% and very major error rate 55%. With these
results Vitek®2 cannot be recommended as an alternative to mBMD for colistin susceptibility
testing. Of the isolates analysed, 71% were from adult patients, 18% from neonates and the
remainder (11%) from older paediatric patients. Differences in ward distribution between the

age groups were noted. These require further investigation.
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NOMENCLATURE
NHLS - National Health Laboratory Service
CMJAH - Charlotte Maxeke Johannesburg Academic Hospital

MALDI-TOF MS - Matrix assisted laser desorption ionization — time of flight mass

spectrometry

AST - Antimicrobial susceptibility testing

XDR - Extensively drug resistant

MIC - Minimal inhibitory concentration

CLSI - Clinical and Laboratory Standards Institute
EUCAST - European Committee on Antimicrobial Susceptibility Testing
BMD - Broth micro-dilution

mBMD - Manual BMD

FDA - Food and Drug Administration

CA - Categorical agreement

EA - Essential agreement

ME - Major error

VME - Very major error

CDW - Corporate Data Warehouse

ICU - Intensive care unit

ClI - Confidence intervals

IQR - Interquartile ranges
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A retrospective analysis of the performance of Vitek®2 compared to manual broth
micro-dilution for colistin susceptibility testing of Acinetobacter baumannii clinical
isolates

Vuyolwethu Fadana, Teena Thomas, Nina von Knorring

INTRODUCTION

The genus Acinetobacter was discovered by Dutch microbiologist Martinus Willem
Beijerinck from soil samples in 1911.1 Since then, species within the A. baumannii complex
have been implicated in a variety of infections including bloodstream infections, skin and soft
tissue infections, respiratory tract infections and meningitis.[> 3 Distinction between
colonization and infection is often difficult in hospitalized patients as this organism is
ubiquitous in the environment. It has been associated with increased mortality when isolated
from critically ill patients. ! Risk factors for infection with A. baumannii complex include
mechanical ventilation, prolonged hospital stay, ICU admission and exposure to patients that

are either infected or colonized with A. baumannii.[!

Increasing antimicrobial resistance in this group of organisms and more recently, resistance
to the polymyxin antibiotic, colistin, has meant that timeous identification of the infecting
pathogen and determination of its antimicrobial susceptibility profile is necessary to ensure
early appropriate antimicrobial therapy.[*® The emergence of resistance to colistin, one of
the last active agents against extensively drug -resistant (XDR) A. baumannii has warranted
the review of available antimicrobial susceptibility testing (AST) methods. Different
laboratory methods for the assessment of colistin AST amongst A. baumannii isolates have
been evaluated. Challenges with polymyxin AST are due to its molecular nature. Its large
size limits diffusion into agar with disc diffusion and gradient diffusion (Etest®) methods and
the positive charge causes it to bind to the plastic material in microtiter plates used for

susceptibility testing.[®!

Since 2016, the reference method for colistin AST recommended by the Clinical and
Laboratory Standards Institute (CLSI) and the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) is the ISO broth micro-dilution (BMD) method (ISO-
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20776).[1 Owing to its laborious nature, the implementation of manual BMD (mBMD) is
currently not feasible in the routine microbiology laboratory.®! Its use has been restricted to
reference centers where more experienced personnel conduct this testing. This prolongs
laboratory turn-around times and may cause delays in appropriate therapy. Alternative
methods therefore need to be considered. The Food and Drug Administration (FDA)
recommends that for an AST method to be deemed acceptable, it must provide high
categorical (CA) and essential (EA) agreement (both >90%) with low major error (ME) and
very major error (VME) rates when compared to the reference method (<3%).[8! The use of
diffusion methods for colistin susceptibility testing has been found to result in an
unacceptable rate of false susceptible results (1.7-13%) when compared to BMD.[6: %-11]
Although both diffusion methods (disc diffusion and gradient diffusion) are easy to perform
and are readily available to most routine laboratories, they are currently not recommended for
use by the CLSI-EUCAST polymyxin breakpoints working group for colistin susceptibility

testing.[*?

Vitek®2 (BioMerieux Inc, Marcy I'Etoile, France) is an automated microbial identification
and AST platform that is used in most public and private laboratories within South Africa
and, therefore, offers an attractive alternative to mBMD for colistin susceptibility testing.
Findings from studies comparing it to mBMD have, however, shown conflicting results on its
performance. Dafopoulou et al compared different colistin susceptibility testing methods
(mBMD with polysorbate-80, Vitek®2, Etest, Agar dilution and MIC test strip) on 51
Klebsiella pneumoniae and 20 A. baumannii clinical isolates.[*®l Eighteen of the A.
baumannii isolates were resistant to colistin by mBMD. Assessed against mBMD, Vitek®2
resulted in CA of 85% and EA of 90% for the A. baumannii isolates. There were no VMEs
reported. These findings were similar to those obtained by Lo-Ten-Foe et al who also found
good EA (93.1%) between Vitek®2 and mBMD amongst 80 gram-negative bacteria,
including 10 Acinetobacter spp. isolates.[** Categorical agreement and error rates were not
reported. Piewngam and Kiratisin demonstrated a low VME rate of 0.7% on 290 isolates of
A. baumannii.l*® These findings suggest that Vitek®2 could be a viable alternative to
mBMD. In contrast to these results, Vourli et al assessed two automated systems, Phoenix100
and Vitek®2, and found them to have unacceptably high VME rates when compared to
mBMD (41.4% and 37.9% respectively).*! In addition, in an undated notice BioMerieux
retracted Vitek® 2 use for colistin AST owing to the CLSI-EUCAST recommendations and
an in-house study showing a high VME rate. [!1 The MIC distribution of the isolates and
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VME rate were not specified. Due to these contradictory findings in the literature, further

research into this area was warranted.

As a result, the aim of this study was to compare the performance of Vitek®2 colistin
susceptibility testing to mBMD for clinical XDR A. baumannii complex isolates and to
describe the epidemiology of these isolates at Charlotte Maxeke Johannesburg Academic
Hospital (CMJAH). We also aimed to make recommendations on the use of Vitek®2 for
colistin susceptibility testing within the National Health Laboratory Services (NHLS) routine
microbiology laboratories.

METHODS
Ethical considerations

Ethical approval was obtained from the University of Witwatersrand Human Research Ethics
Committee (clearance certificate number M191048 MED 19-10-043).

Data collection

This was a descriptive, retrospective study. Data from patients admitted to CMJAH with
positive cultures of XDR A. baumannii between 01 January 2017-30 June 2019 was
analyzed. Epidemiological and microbiological data was extracted from the Corporate Data
Warehouse (CDW), a division of the NHLS that stores national public health-care laboratory
data. The epidemiological data included patient age, gender and admission ward type
(intensive care unit (ICU)/non-1CU and surgical/medical). The microbiological data included
the sample type that cultured the isolate, Vitek®2 and mBMD colistin MIC results.

Study setting

Charlotte Maxeke Johannesburg Academic Hospital is a tertiary care hospital in Gauteng,
South Africa, with both outpatient and inpatient services. There is a bed capacity of 1088,
catering for adults and children. The hospital offers medical and surgical services with

various sub-specialties. In addition, there are separate adult and paediatric intensive care units.
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Isolate identification and antimicrobial susceptibility testing

Microbiology services within the hospital are provided by the NHLS. The identification of
isolates within the institution was performed by either Vitek®2 GN ID card or matrix assisted
laser desorption ionization - time of flight - mass spectrometry. These methods are unable to
differentiate species within the A. baumannii complex. Routine antimicrobial susceptibility
testing was performed using Kirby-Bauer disc diffusion susceptibility method or Vitek®2 AST-
N256 card according to the manufacturer’s instructions. Isolates that had AST by the former
method were excluded from the study. Quality control strains are utilised and isolate purity
plates are inoculated during performance of Vitek®2 AST. Isolates are processed for mBMD
when colistin therapy is considered, such as for clinically significant XDR A. baumannii

complex isolates.

Manual BMD is performed on subcultures by trained personnel with appropriate controls
according to 1ISO-20776. Microtiter plates with 96 wells are prepared in advance with cation
adjusted Mueller Hinton broth growth medium and doubling dilutions of colistin in wells 1-10.
Wells 11 and 12 are reserved for negative and positive growth control. Escherichia coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853 are utilized for quality control of plates after
preparation. One of these is also utilized for daily quality control. A standardized inoculum of
test organism (5 x 10° CFU/mL) is inoculated into the colistin containing wells and the positive
growth control well. A purity plate is also inoculated. Plates are incubated at 35+2°C for 20-
24 hours. For a valid run, the purity plate should have pure growth, there should be no growth
in the negative growth control well and there should be adequate growth in the positive growth
control well. The MIC is determined by visual inspection and is defined as the colistin
concentration with complete inhibition of growth. Isolates that are colistin-resistant by mBMD
are sent to a reference laboratory for mcr 1-5 testing. However, this data is not presented in this

study.

Data analysis

All XDR A. baumannii isolates cultured between 01 January 2017-30 June 2019 from any
sample type were analyzed. Isolates were allocated to the ward at the time of sample
collection. Those that were obtained from outpatient departments or without a ward type
specified, were excluded. Repeat blood culture isolates from the same patient were included if

4
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the isolate was cultured at least two weeks after the initial blood culture. Repeat samples
from the same patient for sample types other than blood cultures, such as tracheal aspirates,
sputum, swabs, fluid aspirates, tissue biopsies and urine, were included if they were obtained
at least one month after the initial culture. Intravenous central venous catheter tips were not
included as they are processed in a separate laboratory using a different automated AST

platform.

All isolates with mBMD results with/without Vitek®2 results were used for epidemiological
analysis. Microsoft excel 2016 was used for data analysis. For the distribution of
epidemiological data parametric/non-parametric statistical methods were applied. Data with a
Gaussian distribution was described by means of 95% confidence intervals (95% CI), whereas
for non-parametric data, medians with interquartile ranges (IQR) were used. The following
age categories were analysed: neonates <1 month, older children >1 month -13 years and

adults >14 years

Only isolates with colistin susceptibility results from both Vitek®2 and mBMD were used to
assess performance of Vitek®2. The performance of Vitek®2 colistin susceptibility testing
was determined by assessing categorical agreement, essential agreement, very major and
major error rates in comparison to mBMD colistin susceptibility testing, according to the
FDA recommendations.[® . CLSI recommends breakpoints for colistin of <2 pg/mL as

intermediately-susceptible and >4 pg/mL as resistant in A. baumannii isolates. (18

The following equations were employed to assess agreement and error rates:

e Categorical agreement = (number of isolates correctly classified by Vitek®2 as either
colistin-susceptible or resistant in comparison to mBMD / total number of isolates
tested) X 100

o Essential agreement = (number of isolates within one doubling dilutions of the mBMD
MIC on Vitek®2 / total number of isolates tested) X 100

e Major error rate = (number of falsely resistant isolates on Vitek®2 / number of
susceptible isolates by mBMD) X 100
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e Very Major error rate = (number of falsely susceptible isolates by Vitek®2 / number
of resistant isolates by mBMD) X 100

RESULTS

Data for 523 isolates was obtained from all samples types that cultured XDR A. baumannii
and were submitted for colistin mBMD. Hundred and thirteen isolates were removed as they
were duplicates or had other exclusion criteria. Of the 410 remaining isolates, 337 (82%)
isolates had both Vitek®2 and mBMD MIC results (Figure 1).

Isolates submitted for
mBMD

523

Excluded: 107 Duplicates

1 with no ward number

5 from outpatients

v

410 isolates included in study

5| No Vitek®2 MIC for 73 isolates

v

Isolates used for Isolates used for
epidemiological Vitek®2 performance
assessment = assessment =
410 337

Fig. 1. Number of isolates utilised for epidemiological and Vitek®2 assessment (01 Jan
2017-30 Jun 2019)

The number of samples submitted for mBMD was low at the beginning of the study period
but subsequently increased over time. Excluding isolates without a specified age (3%;
13/410), the majority of isolates were from adult patients (280/397 - 71%; mean age of 43
years, 95% CI: 41 — 44). Amongst the paediatric population, 61% (72/117) of isolates were
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from neonates (median age of 9 days, IQR 5 - 14). The ratio of males to females across the

different ages groups was 0.9:1 in neonates, 1.3:1 in other children and 1:1 in adults.

Figure 2 illustrates the distribution of admission ward types for the different age groups with
positive cultures. Amongst all age groups, the majority of isolates were from non-ICU wards
with differences in distribution between medical and surgical wards noted between the age
groups. Samples from non-1CU surgical wards were more prevalent amongst the adult age

group, whereas samples taken in non-ICU medical wards predominated among the pediatric

group.
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Fig. 2. Ward distribution of neonates, children and adults with XDR A. baumannii submitted
for mBMD
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Regarding the sample types submitted, the majority of isolates were cultured from blood
culture samples (177/410; 43%). Twenty-five (25/410; 6%) colistin-resistant isolates were
identified by mBMD in total (Figure 3). The highest percentage of colistin-resistant isolates

was from tracheal aspirates and other fluids.

200
180
160
140
120
T 100
G 80 9%
60 . 5
40 7% 2% e =

-2l zhH
L A==

6%
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% colistin-resistant

BC CSF Swabs TA Sputum Urine  Tissue Other
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Sample type

B Resistant M Susceptible

BC blood culture; CSF cerebrospinal fluid; TA tracheal aspirate

Fig. 3. Distribution of colistin-resistant and susceptible XDR A. baumannii isolates by sample
type (n=410)

The majority of the colistin-resistant isolates were from adult patients (17/25; 68%). Non-ICU
wards predominated (16/25; 64%), with most isolates coming from surgical wards (11/25;
44%) (Figure 4).
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Fig. 4: Distribution of A. baumannii colistin-resistant and susceptible isolates by ward type

Of the 337 isolates with colistin susceptibility results available from both Vitek®2 and
mBMD, 20 (6%) were resistant to colistin by mBMD (Table 1). Vitek®2 was found to have a
categorical agreement of 89% (300/337) and an essential agreement of 56% (190/337) with

mBMD. The very major error rate was 55% (11/20) and the major error rate was 8%

(26/317).

10
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Table 1: Colistin minimum inhibitory concentration results for XDR A. baumannii isolates by

both Vitek®2 and mBMD

of
isolates

number

292

Total
number of

isolates

33

337

Essential agreement

I Categorical agreement I
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238  DISCUSSION

239  The recommended reference method for colistin susceptibility testing, mBMD according to
240  1SO-20776, is difficult to implement in routine microbiology laboratories. Due to financial
241  constraints and technical competencies required, only one NHLS laboratory is currently able
242  to offer mBMD in South Africa. This is likely to have a negative impact on patient care due
243  to delays in turn-around-times of results. In contrast, Vitek®2 is available in most NHLS
244  microbiology laboratories and would have been a favorable alternative. However, our study
245  demonstrates unacceptable performance, with 11 of 20 (55%) colistin-resistant isolates having
246  false-susceptible results on Vitek®2. Vitek®2 also reported some isolates with mBMD

247  colistin MIC >64 mg/L as susceptible. This has the potential for patients infected with

248  colistin-resistant isolates not detected by Vitek®2 receiving colistin treatment, leading to
249  detrimental effects. This extremely high VME rate is in contrast with other studies as

250  mentioned earlier. [*> 151 Those studies included fewer isolates of A. baumannii compared to
251 our study. Other authors however found similarly high VMEs. 6] In addition to the

252 unacceptable VME rate, the CA, EA and the ME rate with Vitek®2 were also unacceptable
253  according to the FDA requirements for an AST testing platform. This is in keeping with a
254  study by Pfennigwerth et al that also found poor essential agreement (75.9%) with Vitek®2
255 on testing Enterobacterales, despite better categorical agreement (90.5%).1%1 Based on these
256  results Vitek®2 cannot be recommended as an alternative and attempts need to be made to
257  make mBMD more readily available and easier to implement until other testing options

258  become available.
259

260  Matuschek et al evaluated 5 recently developed commercial BMD systems - SEMPA1

261  (custom Sensititre® plate, Thermo Fisher Scientific, EastGrinstead, UK), MICRONAUT-S
262 and MICRONAUT MIC-Strip (MERLINDiagnostika Gmbh, Bornheim, Germany), SensiTest
263  (Liofilchem, Roseto degli Abruzzi, Italy) and UMIC (Biocentric, Bandol, France). These were
264  evaluated against mBMD using various gram- negative organisms including 22 Acinetobacter
265  spp isolates.?%1 They demonstrated overall better performance compared to our findings with
266  Vitek®2. The majority of platforms had acceptable CA and EA (>90%), with much lower
267  error rates than obtained in this study. Interestingly, there were no falsely-susceptible A.

268  baumannii isolates. These methods may offer an alternative to mBMD and further research

269  on their performance is required.

270
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Our findings also provide insight into the epidemiology of XDR A. baumannii in our setting.
The distribution of XDR A. baumannii isolates within CMJAH appears to vary based on the
age group assessed. There was a predominance of these isolates from medical wards amongst
the paediatric population and surgical wards amongst the adults. In our setting, all wards are
managed by the same infection prevention and control (IPC) team and contact precautions are
initiated for all patients with multidrug-resistant (MDR) and XDR isolates regardless of the
ward type. Compliance to infection prevention and control measures may vary between
different wards. Differences in antibiotic prescribing practices cannot be excluded as another

driving factor for the differences in the ward areas that were affected.

The majority of colistin-resistant isolates were obtained from the adult population and
predominantly from the non-1CU surgical wards. These wards also had the highest overall
number of XDR A. baumannii isolates. However, admission rates for different units were not
accessible for this study and this is required for a more comprehensive interpretation of the
data. This does nonetheless highlight the possible relationship between colonization/infection
with XDR isolates and infection/colonization with colistin-resistant isolates. Patients having
prior colistin-susceptible isolates have been found to get infected/colonized with colistin-
resistant isolates on exposure to colistin.?!  We postulate that wards with higher numbers of
patients colonized/ infected with XDR A. baumannii isolates have higher usage of colistin.
This antibiotic pressure then drives emergence of colistin-resistant isolates in those units.
Appropriate antimicrobial stewardship and IPC practices could mitigate this. The proportion
of colistin-resistant and susceptible isolates between most of the sample types was similar and

as such, the sample type cannot be used to predict resistance.

LIMITATIONS

XDR A. baumannii isolates that were cultured and not submitted for mBMD were not
included in this study. Submission of isolates for mBMD within the institution is dependent
on a number of factors including whether the isolates are considered clinically significant or if
colistin is used for treatment. Isolates from intravenous catheters were also not included.
These factors may have had an effect on the data that is presented. The inaccessibility to
hospital patient admission data in the different units over the study period limited

interpretation of the epidemiological data and comparison of the different age groups. A full

13
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retrospective patient record review would also be required to comprehensively assess the

factors resulting in differences between the different ward types and age groups.

Only a small number of colistin-resistant isolates were obtained. Analysis of a larger number

of resistant isolates with a wider MIC distribution is required for a more robust evaluation. In

addition, the distinction between colonization and infection in the patients with positive
cultures of XDR A. baumannii was beyond the scope of this study, as a result, the clinical

significance of these isolates could not be determined.

Strengths of this study included the large number of XDR A. baumannii isolates that were

available for analysis compared to other studies. In addition, the retrospective design allowed

for the findings to be a reflection of what one would expect in routine clinical practice.

CONCLUSION

Based on the results of this study, Vitek®2 cannot be recommended as an alternative to
mBMD for colistin AST in our setting. Further studies are required to determine if the
commercially-available colistin BMD methods are a cost effective option with acceptable
analytical performance. In addition, the semi-automated platforms such as Vitek®2, should
be optimized for colistin AST. Factors driving the differences in ward distribution amongst
the different age groups still need to be elucidated. The use of colistin as a driver for the
development of resistance in this population cannot be excluded and requires further study.

Ongoing monitoring of colistin resistance is also required.
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BACKGROUND

The genus Acinetobacter was discovered by Dutch microbiologist Martinus Willem
Beijerinck from soil samples in 1911 (1). As a gram-negative bacillus predominantly found in
the environment, it was initially thought to be of low pathogenicity to humans. However,
Acinetobacter species have now established themselves as an important cause of community
and more commonly hospital acquired infections (1,2). Species within the A. baumannii
complex have been implicated as causes of blood stream infections, skin and soft tissue
infections, respiratory tract infections and meningitis (2,3). Distinction between colonization
and infection is often difficult in hospitalized patients as this organism is commonly cultured
from this environment. They have nonetheless been associated with increased mortality when

isolated from critically ill patients (3).

Increasing antimicrobial resistance, and more recently resistance to the polymyxin antibiotic,
colistin, has meant that timeous identification of the infecting pathogen and determination of
its antimicrobial susceptibility profile is necessary to ensure early appropriate antimicrobial
therapy (4,5). Currently, bacterial identification within the National Health Laboratory
Services’ (NHLS) microbiology laboratory at the Charlotte Maxeke Johannesburg Academic
Hospital (CMJAH) utilizes both the Vitek®2 (Vitek®2, BioMerieux) automated system and
matrix assisted laser desorption ionization — time of flight mass spectrometry (MALDI-TOF
MS; Vitek®MS, BioMerieux). In addition, Vitek®2 is also able to provide antimicrobial

susceptibility testing (AST) results for this organism.

The emergence of resistance to colistin, one of the last active agents against extensively drug -
resistant (XDR) A. baumannii, has warranted the review of available AST methods. By
definition, XDR A. baumannii isolates are resistant to all but one or two classes of antibiotics
(6). Different laboratory methods for the assessment of colistin AST amongst A. baumannii
isolates have been assessed. These include dilution and diffusion based AST methods which
are either manually performed or automated. Dilution methods (e.g. broth micro-dilution) are
based on the inhibition of growth of a standard inoculum of bacteria by varying
concentrations of antimicrobial agent suspensions. The lowest concentration of antimicrobial
agent used with visible inhibition of bacterial growth is termed the Minimal Inhibitory

Concentration (MIC). Certain automated methods, e.g. Vitek®2, utilize a standard
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suspension of antibiotic and monitor the rate of bacterial growth, using algorithms to
determine the MIC, thus providing a calculated MIC. Diffusion based methods [e.g. disc and
gradient diffusion (E-test®)] rely on diffusion of an antimicrobial agent into agar and
inhibition of growth of the test organism that has been inoculated onto the agar. Problems
with polymyxin AST are a result of its molecular nature. Its size limits diffusion into agar
and its positive charge causes it to bind to the plastic material in microtiter plates used for
susceptibility testing (7).

Since 2016 the recommended reference method for colistin AST by the Clinical and
Laboratory Standards Institute (CLSI) and the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) is by the ISO-broth micro-dilution (BMD) method (ISO-
20776) (8). Owing to its laborious nature, the implementation of manual BMD (mBMD) is
currently not feasible in the routine microbiology laboratory (7). mBMD use has been
restricted to reference centers where more experienced personnel conduct this testing.
Alternative methods therefore need to be considered. The Food and Drug Administration
(FDA) recommends that for an AST method to be deemed acceptable, it must fulfill the
following criteria when compared to a reference method (9):

e Categorical agreement: Both methods result in the same susceptibility category for
>90% of tested isolates.

e Essential agreement: For >90% of isolates, the MIC with the tested method is within
+ 1 two-fold dilution of the reference method’s MIC.

e Major error rate: The rate of false resistant isolates with the tested method should be
<3%.

e Very major error rate: The rate of false susceptibility with the tested method should be
<3% (10).

Various studies have compared different methods of colistin susceptibility testing. Diffusion
methods, including disc diffusion and gradient diffusion, have been found to have
unacceptable performance when compared to mBMD (8,10). Comparing disc diffusion on
200 isolates of gram-negative bacteria (including 60 A. baumannii isolates), Gales et al found
disc diffusion to have an unacceptable false susceptibility rate of 5% (11). This is postulated
to be due to poor diffusion of polymyxins into the agar (12). E-test® has also been found to

have a high false susceptibility rate (35%) when compared to mBMD (10). Although both
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methods are readily available to most routine laboratories, they are currently not
recommended by the CLSI-EUCAST polymyxin breakpoints working group for colistin
susceptibility testing (8).

Dafopoulou et al compared different colistin susceptibility testing methods to mBMD on 51
Klebsiella pneumoniae and 20 A. baumannii clinical isolates (10). Eighteen of the A.
baumannii isolates were resistant to colistin by mBMD. Assessed against mBMD, Vitek®2
resulted in categorical agreement of 85% and essential agreement of 90% for the A.
baumannii isolates. In contrast, E-test® was found to have an unacceptable false
susceptibility rate (35%) and poor categorical agreement to mBMD (65%). Although
Vitek®2 did not fulfill all four FDA requirements, it performed better than the other methods
tested. Lo-Ten-Foe et al also found good essential agreement (93.1%) between Vitek®2 and
mBMD amongst A. baumannii isolates (13).

The above mentioned studies only included a small number of colistin resistant A. baumannii
isolates. In contrast to their findings, a study performed by Vourli et al comparing the
automated platforms Phoenix100 and Vitek®2 to mBMD found the two automated systems to
have unacceptably high very major error rates (41.4% and 37.9% respectively) (14). This
study included 117 clinical isolates of A. baumannii, with 25% of the isolates being colistin

resistant.

As mentioned above, the method currently recommended by the CLSI-EUCAST polymyxin
breakpoints working group is mBMD. This method, however, is not easy to implement in a
routine microbiology laboratory. Vitek®2 systems are widely available in most microbiology
laboratories in the private and public sectors in South Africa but findings from studies
comparing it to mBMD have had conflicting results. Further studies in this area are therefore

required in order to ascertain whether this could be a viable alternative in our setting.
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AIMS AND OBJECTIVES
Aims:

. To assess the performance of Vitek®2 colistin susceptibility testing in comparison to

mBMD for clinical XDR A. baumannii isolates.

. To formulate recommendations on use of Vitek®2 for colistin susceptibility testing

within the NHLS routine microbiology laboratories.

. To describe the epidemiology of XDR A. baumannii isolates cultured during the
period of 01 January 2017 — 30 June 2019 within Charlotte Maxeke Johannesburg Academic
Hospital (CMJAH), a tertiary institute in Johannesburg, South Africa.

Obijectives:

. To determine performance of Vitek®2 colistin susceptibility testing by assessing
categorical agreement, essential agreement, very major and major error rates in comparison to

mBMD colistin susceptibility testing

. To analyze the following parameters in patients colonized or infected with XDR A.
baumannii at CMJAH: patient age, patient gender, ward areas where the isolates were
cultured from and sample types from which the isolates were cultured. Allocation of the
infection to a particular ward will be based on culturing the isolate from the patient after the

patient had been admitted to that ward for > 48 hours duration.

STUDY DESIGN AND METHODS
This will be a descriptive, retrospective study. Data inclusion criteria will include:

. XDR A. baumannii isolates cultured between 01 January 2017 and 30 June 2019 from
any specimen type with both Vitek®2 and mBMD colistin susceptibility results

. Only samples obtained from patients admitted at CMJAH will be included.

. Repeat blood culture isolate/s from the same patient will only be included if the isolate

is cultured at least two weeks after the initial blood culture.
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. Repeat specimens from the same patient for sample types other than blood cultures
(e.g. tracheal aspirates, sputum, swabs, fluid aspirates, tissue biopsies and urine) will only be
included if they are cultured at least one month after the initial culture.

On average about 15 A. baumannii isolates are submitted for mBMD per month. The

expected number of isolates for the specified time period is therefore 400-450.

DATA COLLECTION

Data will be extracted from the NHLS laboratory information system - TrakCare. Data

collected will include (also see appendix 1 for data collection sheet):

e Patient date of admission to the ward
e Date of sample registration

e Sample type

e Vitek®2 MIC

e BMD MIC

e Patient age

e Patient gender

e Ward number

e Type of ward (medical/surgical/ICU/non-1CU)

DATA ANALYSIS

Microsoft excel and statistica version 13.05.0.17 will be used for data analysis and the

following analysis will be made:

. Data distribution will be assessed and parametric/non-parametric statistics will be used

depending on the distribution of the data.
. The following equations will be used to assess agreement and error rates:

Categorical agreement = (number of isolates correctly classified by Vitek®2 as either colistin

susceptible or resistant / Total number of isolates tested) X 100

Essential agreement = (number of isolates within 2 doubling dilutions of the BMD MIC by
Vitek®2 / total number of isolates tested) X 100
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Major error rate = (number of false resistant isolates by Vitek®2 / number of susceptible
isolates by BMD) X 100

Very Major error rate = (number of false susceptible isolates by Vitek®2 / number of resistant
isolates by BMD) X 100

ETHICS

Ethical approval for the study has been obtained from the University of Witwatersrand
Human Research Ethics Committee (Clearance certificate number: M191048 MED 19-10-043

— see attached). Approval from the NHLS research and academic affairs office to access the
Trakcare data and the Chief Executive Officer’s office at CMJAH to utilize the data has been obtained

(see attached).

BUDGET

Stationary and printing material at an approximated total cost of R2000 and publication fees
(depending on the accepting journal) will be provided by the Department of Clinical
Microbiology and Infectious Diseases, Witwatersrand University. No further costs will be

incurred.

STUDY OUTCOMES

The researcher aims to accomplish the following with this study:

. Obtain a master of medicine degree in clinical pathology
. Learn research skills that will be valuable for future research projects
. Obtain a publication in a peer reviewed journal
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LIMITATION/PROBLEMS

This study will only include XDR A. baumannii isolates as these are the isolates submitted for

colistin mBMD. The epidemiology described will therefore be for this subset of organisms

and not a reflection of all A. baumannii infections.
An additional limitation may include incomplete demographic data.

TIMELINE

Nov | Dec | Jan | Feb | Mar

Literature

review

Preparing

protocol

Ethics

application

Protocol

assessment

Data collection

Data analysis

Writing up
paper
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cerrenly i fanibls in the midine microbiodopy Riboratory ™ Iy s bas boeen redricied o
relefens conlin whers more eiperenied persaning condec this ledsmg. T proloags

labmrakary Ceen-aeviad s amd sy couse Jelays in appeopriale Ueragsy. Allemmlive
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miethods herefors need o b Coreedered . The Food ord Drug Ademinisiranon CFEAsE
recommensds that for an AST methad 0 by dogmed ll:-'.'iﬂlb'll.'.il mue=t provide high
categoncal {CA ) and essemial I'F_n".lnﬂ'm-nmm i bavth =S weiih Bow major ermor ©WIE) and

maper ror | 5 ME) mies ohen oompared io the rederence method (<350 The we of
@:ﬁu methnds for oalistin susceptibilty: tecting has been found o reselt m n
unsccemahle rme of false suscoplble mesuhs {1 T 1¥6 ) when compared oo B &0 = =10
Although both diffusion methods { ie dsc diffeion and zradient <o) are casy (o
perform and arg readily snilable e most popties lborakories, they sre oerrenlly ot
recommerafed for nar by the CLS-ELUC AST polymmaain hreakpeinis working group (o
calisgin susaepibility wating '~

ﬂiﬂrﬂ iRt erieus Inc . Marcy FEwile, France) is an somased mocrebial i dennificaton
wrad AST plaiform that = usesd in et poblic and prvote [shomsories within Sowth Adrica
wral, therefore, offers an aitractve abemmtive to mBMD for colistin uscepobdoy iegang.
Fmdings from sudies comparsng it in mB& D bove, hoogver, shown confllicting reubis om i
perivmumce. Dhifopoulcn e al compared differer colisin suscepisbilay westirg meihods
EBI'-'I[:I with polyscrhaie-80, Vit k82, Eoesi, Agor diddion and MIC l:Nﬁl-ur- 5l
Kbl prowraenrmi aned M1 A, bevasceanii £ Eikal isedinza 'l Eiglaleen of the A
Fugtwrmasrant Skl Wen misaetanl i calicting by mBMID Ssaiend el mBMD Vel ®7
reealied in CAoal ES% amd EA of 5055 for the A, dwmonan saoleies, Therne were o WhiEs
repeomed. These findings were similer o thiese obained by Lo-Ten-Fre & ol who also Samnd
goexd EA {0319 between Viteh®2 and mBMD smongst 80 gram-negitive bocleris,
inclugling 1M Aciaesbicnsr spp. eeokmes. 'Y Cagoncal ozreenrent and emor mies wene nol
reporicd. Piewrngam and Kimisin demonsiraicd a looe VME rede of 0.7% on 2 isokies of
A dariarneed 1 These finadings sugpesi thal Viel® 2 coald be g visble abermaive o
mEMIL. In contrmist to these resuhts Y oedi et sl assessed teo auiormened systems, Phocmis [
wral Viiek®2, and found them pe have unscocpeabiy high YME roes when comparned po
mERL 41 A% and 375% respectivelvi,"™ In addition, i an undsied ntice Biobericus
retricted Vikek® 2 e Tor colistin AST vwing 1o the CLEFELCAST reenommenckti ons s
am in-housy snady showing 2 high ¥ ME mie. |7 The MIKC dasribetion of the isolaies and
WME rale were penl sqecifid, e o s eomtradic tory Tindings in the Beranire., furber

resgarch imio Phis ore s wps worranded,
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As I'ﬁl.lll.E alm of this sty wes m compan: the pedrmance of ¥iek B2 colaon
sussepiib ity desimg do mB B for climcal XDE A, Sowwneed sokies anglpo descnbe ihe
epdemislogy of these solwies, W al=o simed 1o make recommenid sbons on the use of
Vitgle® X for ealistin suscoptibibiy tpsting within the Mentinnal Hezdth Labomiory Sorvices
IS HLS ) romstme macrobindogy laboriores.

ﬂ.ﬂ’ﬂ-ll’llﬂ

Exhmzal cossidera e

Etlmzal opproy el was obitmed from the Universaty of Wirvaasmand Humen Bessanch Ethis
Comnsiies (learme cortilican: sumber 51191048 MED 19- 1020435,

Thata el lixtinn

& dewriphive. retrospecinee daia analysis -:-:I'Eiin]: admitied inChardolie Maxeke
Jotainrashurg Acsdemic Hospied (CMIAH with poeitire culiores of XDE A, hpaomessaii waes
ceardecial. Epedemindogicnl and e coobiodogical dos was estrocis] Teoes he Corprrne D
Wanchowss (CIW . a divisson of the KHLS therd siores raliomal public healih-core libomiory
dats. The spelemicdogical chins incheded patient age, gender and admisacn wand Tvpe {ie.
imiensive core unit{ PCU Veoa=100 md surgicel’ mesSae el ). The mcnod ol g ol de o o]
e samiple Oy pe Thal Culimined dhe swelake, Yink 82 and mBMD coliztin MIC neasie

Dtz anslysis

Al KR A, S sl ates guliered between 00 Janoaey 2060 7=30 Turg 2500 % from any
specimen ype wers aslyaal I'-thll:"-IIllll"-'-'rrl.':lI'IIIEIJTﬂ.l-lll:l.ll'p-llln.'nll.ll:'rn-rlnl:nlhlr
wilkul & wand o speilaed, were eaclued. Hepeal hlood cullue okiges Tooen the sme
palical were incleded o e alale was cullured & beastiwe weeks after the initisd Bload
coliure. Bepesl speosmiens from dae same paieal fof sanple tvpes other Chom Bload culires
(.. acheal spirass . spulim, swabs, Mok asporanes, feeiie Baopeies and drimsp wee
inclugled il they were ohisins] o leastone monih alier the inilad coluee. Iniavencas cepral
vends catheier 1ips wene o inchaded asthey are processed In a separae [sbemlory ssng a
diffzreni awrorraned AST plaform. AN ksoloies it mb MY resul s w ihfariihos VikkEI
resplis were weed for epideminlogical anolyss. Only isolaies with coliam suscepiibili
resghts from both Viegk®2 and mBMID were wad to e e perfomrancs of Viek®2, The
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perfomumos of ¥iel®2 colisin mq:tﬂﬁn:nh; wias dewermined by asoessing
cakponcal agresment. oaseniil spreomant, wEry Mk and makr Sror ks 0§ g s o

mBEM D colistin ssceptiblity resting, socording e the FIOW roac oo nd st bors.

Melicrend el 20016 wis usad for dala analyei Fo lhe di.-.HIrulinn el e plernin] g kol Jala
P AITRE LTk O PTG slalstical methods were appleed. Data with o Gaussian
distribariion wes described by means of 955% condidence micrvals {95% CL, whencas for mon
perameiri daio, medians with merguanile renges (MR were ussd. The lelbewing eguations

WETE cm:l.‘-:p:d b0 asseEs agree men and emor nikes:

o Coegormal agrecment = immber of salabes comedly rl:lﬂu:lhj"r'ill:kﬂl:n wilher
colistin suscepisbde or resstant n o compareson o mB &AL il nomber of (selaies
eskali X 1M

&  [Fsseniial aprecment = Cnmnber of Eokiles wabin one dodbling dilukane of the
B0 BMIC on Wilek T2 ¢ volal mumbser of Eokibes iosied) X 100

o Mujor ereor rate = (ramber of falsely resisin) solses oo Vo2 ) sumber of
susceplible sokites by mEMD) X 100

#  Wery Major emor mile = (number of falacly ansceptible ivltes by Vieb®2 (O rember
o stz wecdbes by mE M K TR

RESULTS

DCimia bor 323 isokiles was obisinsd from all specrsm pypes tho culivmed X AL dasmaaai
wrad were submatted for coliztm mBMID. Hundred and thireen i=nlates were removed as they
wrs duplicstes or bad cther exslusion crilens, OF dha 410 remainang isolales, 337 (K1)
isnlates had both Yikek®2 and mBMD MIC resalis (Figoee 1)

36




el e v Tied for
el
a2
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epunrmdage e’ Wk B2 e Tiae e
Ll alle b ] sy werl -
ao Aar

Fag. 1. Nunber of isolistes utilised for epidemsciogical and Vieek®2 ssewanent 101 Jan
2017-30 Jgn 2009

The rumber of samples submeesed for mBMID was by ot the beginning of the stdy perod
but sehsequemly incressed over time. Excluding saolates withoot o specified ape (3%
13410}, the magority of sodnes were from aduk pesents =14 vears (2807397 - 71%; mwan
age of 43 years, 95% Cl: 41 - 44), Amongst the pacdsstne popebstion <13 vears, 6 1%
ITXHIT) of 1salases were from neorstes (modsin age of 9 days, IOR 5 - [4), The rit of
males to fomales icmss the Sdferent ages groups was 091 i neonases. 1.3: 1 in other
childen and |01 adilis

Figure 2 illustrnes the distibution of admessson wued types foe the ddferent uge grosps
toworates <1 month, children =1 month - 1} yers and adwies 214 vears) wath poestive
celtures. Amoagst all age groups, the mapority of isodaes were from noa-ICU wards with
differences m digtrbution between medicad and surgical wasds noted between the age groups
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Sampdes frowm - FBCL g ool words weere more prevalem amorgsnhe sdul age group,

whereas sampdes faken monon- IO medsal wands predominaied among tho pedisine group.

Ward distribation ol meanabes with
H0E A, eameaaddubrmned Ter

miBfA D

I . l I
- - —
L

we

[T

(L. Py LTy LT

Ward dhatribufion ol chddran =1
manth - 13 years) with X0R 4
bowrnomni subemitted for mindd

i F T
L L=l
T —

Wiarc deeiribution of aclubs =14 wears
waith NOH & Sopmoosy sahmifed for
mAkD

L] i
- L
L -
T

Fiz. 2. Ward dismibetion of neenaes, children 4= month < 15 vears) and adule =] 4 yoars
with KO A, bovemeeniy submittsd far mBMID

Rigurding the sample 1y pes sebmlinad, the mgonty of solees were ouliuned from bikood
collie samples | LTI 43500 and skl of e colislin-rs sl iaelaies e T s
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sam e crpe. TwermysEive (25800 7% § ool | say-ressan ol s wae (demified by mBMID
in el § Fezure 2.

o gl i s o0 0 S D
E

Tl L]
iD 2 =
] jin ]
= a 1 2 1 l = 1 I 1 L
0o . L — -— - —-— -
L : 1 - Fhiciak

£ Ymyhn ] O "hpds

Samzle lpze

WEHALET W ieak AL C

BC hlkeos] culiune; C5F comebroepinal Munl: TA richeal aygicale

Fag. 3. Distrabsiilicen of oolsDin- resaslan] and ssopiede KO AL duwmeeey oaeloles by saniple
ype i {0p

T wrerperily @l The colistin-réssdonl walalis wirg Moo hill paiai= 01725 685% ) Mon-
ICL wanis predormanated { | 6725; 64% b, with most isknies coming fmm serpscal wards
(135 44%) (Fagun: 45,

Meiributicn of A& Baumarenll colictin-rezlsgant and
weceptibile iscdages by ward Eype

14 LLs 118
i 1F 1
2
L
-
=
A "
.|
m
- ! = s 13 1
- ] -—
[ i I P Rl i - "]
2] [l (1]
HLhim Fradad Weodhali umpll &
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Fiz. 4 IM=inbuilon of A Seraoeaanll colistin-messini md s piible solaes by waed crpe

O ahes 337 ienlares wilh coliin ausceplibiliny resalis availalde fmom Beth Yieeb®2 aml
mBMIY, 1k (85 were resisiant in colistin by mBMID. ¥iek®2 was Tound i have a

cake g precmenl af B (30T awl an cxsential spreananl ol 535% (18337 wath
mBMLY. The wery majper emor rae was 235 (L L20) and the major error rale was £%
(IIT). Mostof the very major emors oocumed close w the colistin break pont of 2 pziml
Clabsie 1],

Tahle |; Coletin minimum mhibtory somceniriion resalis for X0 A, daaoneaa isolaios by
baoth ¥Witkk® T il mBEMD

Tinal
siifber of
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|_ Hﬁ.hmqru-u-ul Cotcgonical sgreermen || | MISERETES |_

DNECUSSI0RN

Cher Tincliges prowids ifsaghl inlo Ohe epadenmclogy of XDR A, bownand oo scllmg. The
distribantion of XD A, b solaes within CMIAH appesss w0 vary based on The ape
grouj assessad, Thene was o prodomimaice of e sokiles U sabcsl wanls sicegsl the
predising popelaiion md surgloal sards omongs the adelce, I omr s2ing, all words are
ransged by e s B2tk [ venioon and ooesenl (LT taam ol Colae poscaations a5
it for sl partiemmts sith meioedre g re st and (DR ard ST solaees repardles of the
wand type. DNifferences i anibeocks presciling pracoioss canm b oxcluded as another
drewing I'l-.ﬂr fiar the diiferences b the ward aress that were alfeced, Slthough 1ICU
acimisskin has beon ol as 2 mek Facior for infoction wach MER fsodabes ™ ihes was not
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evidkenl in chie sody, Slosr poslae s were Drodm mon- oL wiards in all age groupe. Howewer,
pror ICL pdmaission was pod asspssed,

The maporivy af colistin-ressian |solates were obtained from the adult population and
predaninanly from the noss-100 sungical wanls, These wands i had the hghest overall
number of XK A. beamanill (solnes. This highlizhis the possible relabons hip berween
colonizasoninfection with XDR i=olmes and development of colisiin recigance . Pasents
heving priod Colistin-uscepoble saolaes have been fournd 1o develop ooli=on resisiance on
enpasere inclistin! ™ We poedulae thai wands with higher numbers of pamenix ool enimesd
infecied with 210K A. i ain eolses are meore likely o be exposed oo colstn anid
sutspgummily develop ressiance, Appropriote amtimicrobial strw andshap and 1PC prociices
couikl mitsgarie this, The propocion of coledtine-resstant and szcopible slaies briween the
differeni =mimpke iypes was similar and s soch, the sample fype cannct bo wsed o peedic

resislangs

Thhez reom d referenoe merthod for coligim susceptibilicy tesing, mBEMD acoonding o
I50=-1077, 1 difficuli b moplement in ronine micoobaslogy kboraiones:. Diee o firaneiad
consiraines and iechncal mmpeences requinad, only cne NHLS labomiory is cumenily ablke
i oif fer mBMIY in Sowth Afrca, This iz likely do have & negainoe impaci @ patient carg e
Die e lay's im D v prodmd -G of vesulls, In contred, Wikk® T i oy lablc in mos) NHLS
microbiclopgy kibcraiones anl would kv boen a Gvorhle siemabes, Bowever, ur sludy
derrwiisralis wnace plalle porlirmmeace, with 11 of 20555 5 colelm - risisban] psodils s
having Calsi-sussgib ke rselts on Vinek ™2 Mo of thise isol @i had 3 minimes
inhibikey comoentntion M) close b ilee sieceplible breskpomi, soepesliog ol sulomsikd
sysiems may have poar periomuance clise 1o tes value, VaebE2 also reponed some bnlaes
il s BN Goliclm MIC =04 mpil. as sosceplible. This ks the polcalial toezsull i
inappropnake amtimicoobil therapy and adverse paten culoomes.  This extremely high
WIE mabe is im contrast in peeyviou sy oonducted stodies e mentioned carlier. Heowever, those
sicdizs included fewer |molaes of A. haamvnnll compared 0oir @udy. In sddoion 1o The
unxcepiahle YRIE mie, the CA, EA and the ME raie with Vikek$2 were also maccepisble
gccarding vo the FDA requirements for an AST wating placfamm. This s in keeping with &
siughy by Plmnigwarih gt ol thor sldzo fond poar essonie | 2 gros ment (75 9959 with Vg kK87
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on wsling Emerobacterales. e spae bener ceporical agrecmment (90 5% Based om thess
resplis Wilek T2 cannct be recommeensded a3 an alierrative and afiempis meed o bo made
make mBMD more readily avail bl and sasier o mpkement until otheriesing optons

hegome meailabl

Matuschek 21 &l evalumed 5 recemly developed commencial BYID sysiems EE.H.H'-]
{cusom Seveivime plate, Thermao Fisher Sciemtific. EastGrineaead. LK) MECROMALUT -5 and
MICROMALT Hlf-S-WIHI:RLIFUIIgmh Eﬂth-BﬂTllllm.Gﬂ'ﬂl}'].HﬂlTﬂ
iLiofikchem, Roeeto degli Abewezi, alyi and UMIC (Bocentnc, Bandol. Francer. These wene
evalimnizd agains mBM D using vanous gram- regaive organems including 22 Aofaceokaner
spp isslabes Y They demoretraied overall better peformance compared o our findings with
VigkTI Tho magerity of platfonms had accepiable CA anad EA {28905, with poch |pwer
error reies them ohiained indhes siody, Ieierestangly, there were mo Falsely- suscopiable A
fuwmeart isolabics, Thaisa moirthea®s may affir m altimads v oo mBMDEand Duther resazanch
i daeir performianie i requined,

LIMITATIONS

XD AL fessmieanii i=nlaes thiw were culiired md mog submbmed far mBMID were nl
includad in thix siudy. Submmisson of iealoies formiBl A D within the msiimiion is dependeni
on @ rmbsr of Gckors incheleg whethor the isalaies ame consickered cliracally sipraficons or
if oolistin = used for treiment. Thes may have had an eflect om ihe dain that = presemed.

[JI:I}'IEE'H.II numiter of colisnin-pesmn Enlaes wers nheainsd. Aaalyas of @ larger nomher
ol resistamn isedaies woith o wilder U S aribpoenn (5 negored oo oon b e ediegs.
However, the few numbers of these isolates hizhlights the mpressive mike of the
wnti rrd crobaial steweards hip and TP praosces in e sening. In odddton . the St
hetween colonizatmen and méecizen in the potieniz with posdive celeres of XDE A
fusrsaan was bovond the soope of this siudy. s o resuli. the clinical sgnifcance of these
i=nlatgs coasld not be determined
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3]
Srengthe of tee siody included the large number of XDE A, Savasaeal [=olaoes dun were
avaalable for analy=is sompared fo other sieghos, [n pddioon. the eirospective desipn allowed

for the Fndings obe o reflection of whal mme wosbd expect innouting limes) proctice.

£l
CONCLUSINN

Blasicd on d resialis of this stedy, ViebiE 2 cannad be peoommendid as an aliemalive 1o
mENL lor colizin A5T oo soiing. Parther gudies am regairsd o desemiine iFthe
comnmercially oy il el colistin BMD miethods are 3 oo effative optam wilh sositalle
wnadytecal performanoe. In addon_the semi-atomaed platfonms sechas ¥Hieb®E2, shoukd
be aptiimesd for coleiin AST. Facinds divving The Sfferenos mh ward o rrasi Do ame gl
the differem g groups =il nesd o be clucslsted. The e of colistin &= a dnver &or the
developmeni of resstarce in this popeksiion cinnol be exchuded and regquires feriher =y,
Cirgnlng monisoring of colsnn resstanoe s also reguined.
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