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Abbreviations

AST Antimicrobial susceptibility testing

CLsI Clinical and Laboratory Standards Institute
EIDL Enteric and Invasive Disease Laboratory
EQA External quality assessment

I Intermediate

NCAH National Center for Animal Health

NEQAS National External Quality Assessment Scheme

NEQAS-CC National External Quality Assessment Scheme- Coordinating Center
NFTL National Food Testing Laboratory

PL Participating laboratories

PT Proficiency testing

R Resistant

RCDC Royal Center for Disease Control

S Susceptible

SPP Species
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Background

The AMR-NEQAS program was launched in May 2021 as an educational tool that enables participants to
examine, monitor and improve their own laboratory methodologies and personnel performance by
allowing comparison of results between the laboratories. With laboratories participating from the human,
animal and food testing sector, the program aims to strengthen the NEQAS services across the One Health
sector. The program is organized bi-annually and supported by the Fleming Fund project.

In this round, six laboratories across the country participated in the scheme. The aim of this program is to
monitor the quality of AST results produced by the participating laboratories, identify underperformers
and accordingly design methods to enhance their performance in bacterial identification and AST. This
report contains results from the second round of the NEQAS program June 2022. The program includes
identification and performing AST on 03 test strains of a given organism. For each of the 03 test strains,
participants are requested to report the expected target organism. One of the 03, is a blank sample, and
no further testing is required. For the remaining two test strains of the target organism, results in relation
to AST are requested. This round included identification, AST and serotyping of Salmonella spp. and
Pseudomonas aeruginosa.

The evaluation of the participants’ results is based on international guidelines, namely the Clinical and
Laboratory Standards Institute (CLSI). Interpretative criteria referring to disk diffusion are listed in (Table
2) and allow for the obtained results to be interpreted into categories as resistant, intermediate, or
susceptible. Results in agreement with the expected interpretation are scored ‘3’ (correct), ‘2’ (Incorrect
with minor deviation), and ‘1’ (Incorrect with major deviation) and while results completely deviating from
the expected interpretation are scored as either ‘0’ (incorrect). The laboratories are identified by codes
and each code is known only by the corresponding laboratory and the organizers. The full list of laboratory
codes is confidential and known only by the NEQAS-CC.

Materials and Methods

Information on the PT round

Prior information was made to all the participating laboratories regarding the 2™ round of PT exercises.

NEQAS Participating Sites

Of the total six laboratories, only 5 laboratories participated in this round (Figure 1) namely, four clinical
laboratories and an animal health center laboratory. One of the labs. have not responded.
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Figure 1. Participating laboratories of the NEQAS PT

Strains

The strains used for this exercise were compatible with the epidemiology of the resistance phenotypes of
species under surveillance at RCDC and from the ATCC stock culture maintained within the center. A panel
of three lyophilized specimens containing species of bacteria was prepared and were shipped to the
participating laboratories following the triple packaging system for biological substances. Hence, the initial
task was the identification of the bacterial species of interest using the laboratory’s own routine method
for bacterial identification.

The panel included one strain of each of the following species, Pseudomonas aeruginosa, Salmonella
typhimurium, and a blank specimen. The strains were characterized and tested for antimicrobial
susceptibility by two staff respectively and confirmed the concordance of ABST as indicated for each strain
before shipment to the participatory laboratories.

For the potency and stability testing (a part of the IQC measure), another batch of the lyophilized
specimen was sent along with the exercise specimen to one of the laboratories to be shipped back to the
NEQAS-CC. This QC specimen is re-tested for viability, identification and AST confirming the concordance
obtained to the expected result.
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Table 1. Overview of the trials and specimen in the 2" PT round

Trial

Specimen

PT Code

2" round PT EQA
(June 2022)

Pseudomonas aeruginosa BAC2203001

BAC2203004
BAC2203007
BAC2203010
BAC2203013
BAC2203016

Salmonella typhimurium BAC2203002

BAC2203005
BAC2203008
BAC2203011
BAC2203014
BAC2203017

Blank (No

growth) BAC2203003
BAC2203006
BAC2203009
BAC2203012
BAC2203015
BAC2203018

Antimicrobials

The reference values used in this exercise for interpreting disk diffusion results are in accordance with
current zone diameter breakpoint values developed by CLSI (M100, 31st Ed. and VETO06, 1st Ed.) [3, 4].
Participants were encouraged to test, as many as possible, of the antimicrobials listed, considering their
relevance to the laboratory’s routine work. The antimicrobials recommended for AST in this trial are
summarized in Table 2. These antimicrobials correspond to several antimicrobial class representatives
important for surveillance.

Table 2: Panel of antimicrobials for antimicrobial susceptibility testing

Pseudomonas aeruginosa

Salmonella

Ampicillin (AMP)
Amikacin (AMK)
Ceftazidime (CAZ)
Ciprofloxacin (CIP)
Ceftriaxone (CRO)
Gentamicin (GEN)

Meropenem (MER)

Ampicillin (AMP)
Ciprofloxacin (CIP)
Chloramphenicol (CHL)
Ceftriaxone (CRO)
Gentamicin (GEN)
Nalidixic Acid (NAL)

Trimethoprim/ sulfamethoxazole (SXT)
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Cefepime (CEFE) Tetracycline (TCY)
Imipenem (IMP) Cefepime (CEFE)
Tobramycin (TOB) Ceftazidime (CAZ)

Distribution

The bacterial strains were dispatched as lyophilized strains in June 2022 by the NEQAS-CC to all the
participating laboratories. Participating laboratories received information on how to open, revive and
store these lyophilized cultures.

Procedure

Protocols and all relevant information were provided to the laboratories to allow access to all the
necessary information at any time. The participants were recommended to store the lyophilized strains in
a dark, dry, and cool place until the performance of AST.

Participating laboratories were advised to perform identification and AST of the test strains according to
the methods routinely applied in their laboratory. Participants were encouraged to submit serotyping
results for the Salmonella strains on a voluntary basis depending on the availability of the reagents. For
the interpretation of results, only the categorization as resistant/intermediate/susceptible (R/I/S) was
evaluated. All participants were invited to enter the obtained results into the reporting hardcopy template
provided together with the sample.

Results

Participation

Among the six laboratories participating in the 2" round of the NEQAS Program, five laboratories
submitted results for all the exercises, and one laboratory failed to respond.

Standards

Kirby Bauer’s disc diffusion method following CLSI guidelines for ABST

Incubation Conditions
37° C for 18 — 24 hours
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Media brand used

Mast group of chemicals limited

Identification of bacterial cultures

For bacterial identification, two of the five laboratories couldn’t precisely identify one strain each of the
freeze-dried specimens. One laboratory reported to have isolated Salmonella from a blank trail. All
participants used conventional methods using biochemical tests for bacterial identification.

Table 3. Score for identification

Lab code PT sample code Obtained result Expected result Score
BAC2203016 Pseudomonas aeruginosa Pseudomonas aeruginosa 1
PLO1/2022 BAC2203017 Salmonella species Salmonella typhimurium 0.5
BAC2203018 No growth No growth 1
BAC2203001 Pseudomonas aeruginosa Pseudomonas aeruginosa 1
PL02/2021 BAC2203002 Citrobacter citrobacter Salmonella typhimurium 0
BAC2203003 No growth No growth 1
BAC2203004 No growth Pseudomonas aeruginosa 0
PL03/2021 BAC2203005 Salmonella species Salmonella typhimurium 0.5
BAC2203006 No growth No growth 0
BAC2203007 Pseudomonas aeruginosa Pseudomonas aeruginosa 1
PLO4/2021 BAC2203008 Salmonella Salmonella typhimurium 0.5
BAC2203009 Salmonella species No growth 0
BAC2203010 Pseudomonas aeruginosa Pseudomonas aeruginosa 1
PLO5/2021 BAC2203011 Salmonella enteritidis Salmonella typhimurium 0
BAC2203012 No growth No growth 1
BAC2203013 Pseudomonas aeruginosa 0
PL06/2022 BAC2203014 Result not submitted Salmonella typhimurium 0
BAC2203015 No growth 0

Antimicrobial Susceptibility Testing

For the determination of ABST results, all laboratories applied CLSI guidelines. Participants were asked to
report the identification of each isolate and antimicrobial susceptibility characterization — susceptible (S),
Intermediate (), or resistant (R) — based on clinical breakpoints set out in the guidelines. The participants’
results were analyzed and considered ‘concordant’ if the reported categorization agreed with the
coordinating center’s interpretation.
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Specimen BAC2203016; BAC2203001; BAC2203004;
BAC2203007; BAC2203010; BAC2203013: Pseudomonas
aeruginosa

Five laboratories except one (laboratory PLO6) participating in the trial submitted results for bacterial
identification (Table 3). All laboratories, except one (laboratory PL0O3), correctly identified the tested
Pseudomonas strains.

AST performance

This specimen contained a strain of Pseudomonas aeruginosa that was resistant to amoxicillin, cefazolin,
cephalexin, nalidixic acid, and tetracycline. Figure 2 shows the intended results and concordance for
susceptibility testing of this strain reported by the NEQAS-CC and the PL.

Figure 2: Zone diameter comparison of Pseudomonas aeruginosa
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Specimen BAC2203017; BAC2203002; BAC2203005;
BAC2203008; BAC2203011: Salmonella typhimurium

Serotyping of Salmonella is a voluntary component of this scheme. The strains identified as Salmonella
should be serotyped using the method routinely used by the laboratory. In case of no antisera for
serotyping, serogroup could still be reported and further evaluated, meaning that serotype and serogroup
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were separately assessed in this scheme. Of the five participating laboratories, four could correctly assign
the serogroup to the Salmonella strain. In case of serotyping, laboratory PLO5 reported inaccurate results

for the strains and the remaining lab failed to perform the serotyping (Table 3).

AST performance

This specimen contained a strain of Salmonella typhimurium that was non-resistant to the antibiotics

indicated for this strain (Figure 3).

Figure 3. Zone diameter comparison for Salmonella typhimurium
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Specimen BAC2102003; BAC2102006; BAC2102009;
BAC2102012: Blank

This specimen contained no bacterial strain. All the laboratories reported accurate results except for
participating lab PLO4. This lab. has reportedly isolated Salmonella.

Scoring of ABST

The scoring of the ABST was based on the qualitative criteria for susceptible, intermediate, and resistant
determination. This report illustrates that ABST is performed optimally and correctly reported by all the
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participating laboratories. Scores are based on excellent concordance with the coordinating center.

However, a minor deviation of the zone diameter result with the reference results was observed.

Interpretation of disk diffusion results will lead to the categorization of the result into one of the
categories: resistant (R), intermediate, (I) or susceptible (S). In the evaluation report you receive upon the

submission deadline, the obtained interpretations in comparison with the expected interpretation will be

evaluated/scored as in Table 4.

Table 4: Score evaluation matrix

Obtained Interpretation

Scores
Susceptible Intermediate Resistant

Exp Susceptible 3 2 1
ecte
d Intermediate 2 3 2
Inte
rpre i
p' Resistant 0 ) 3
tati
on

Incorrect: Major

Incorrect: Minor

3 | Correct

Incorrect: Very major

The overall performance score for both bacterial identification and ABST is reflected in (Table 5) and the
ABST score of individual participating lab is reflected in (Table 6 — 10).

Table 5. Total performance score

ABST
Si.no PT Lab code Identification Pseudomonas Salmonella Total
(out of 3) aeruginosa typhimurium
(N=27) (N=27)
1 PLO1/2022 2.5 15 11 26
2 PLO2/2021 2 18 0 18
3 PLO3/2021 0.5 0 15 15
4 PLO4/2021 1.5 15 18 33
5 PLO5/2021 2 8 13 21
6 PLO6/2022 0 0 0
Table 6: ABST score of PL01/2022
Strain Antimicrobial Obtained Obtalneq Expected Expected‘ Score Reference
value Interpretation value Interpretation value
BAC2203016 AMP 0 R
Pseudomonas AMK 25 S 21 S 3 20-26
aeruginosa CAZ 20 S 22 S 3 22-29
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CIp 29 S 27 S 3 25-33
TOB 21 S 20-26
CRO 19 R
GEN 18 S 21 S 3 17-23
MER 6 R 27-33
CEFE 23 S 25-31
PIP 24 S
SXT 0 R
IMP 20 S 22 S 3 20-28
Strain Antimicrobial Obtained Obtainec! Expected Expected. Score Reference
value Interpretation value Interpretation value
AMP 22 S 20 S 3 >17
CIp 30 S 30 S 3 >31
CHL 17 | 23 S 2 >18
CRO 30 S
BAC2203017 GEN 22 S > 14
Salmonella
typhimurium NAL 22 S
SXT 25 S 27 S 3 >17
TCY 16 S >15
CEFEP 28 S >25
CAZ 24 S >21
Table7: ABST score of PL02/2021
Strain Antimicrobial Obtained Obtaineq Expected Expected- Score Reference
value Interpretation value Interpretation value
AMK 20 S 21 S 3 20-26
CAZ 27 S 22 S 3 22-29
CIP 31 S 27 S 3 25-33
GEN 20 S 21 S 3 17-23
BAC2203001 IMP 20 5 22 5 3 20-28
Pseudomona 3
s aeruginosa MER 6 R 6 R 27-33
NAL 6 R
PIP 6 R
CEFEP 23 S 25-31
TOB 21 S 20-26
. - . Obtained Obtained Expected Expected Reference
Strain Antimicrobial . . Score
value Interpretation value Interpretation value
AMP 26 20 S 0 >17
BAC2203002 CIP 34 30 S 0 >31
Salmonella CHL 23 S 0 >18
typhimurium CRO 33
GEN 14 22 S 0 >14
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IMP 30
MER 9
NIT 16
NOR 30
SXT 27 27 S 0 >17
TCY 16 S 0 >15
CEFEP 28 S 0 > 25
CAZ 24 24 S 0 >21
AMK 17
Table 8: ABST score of PL03/2021
. . . Obtained Obtained Expected Expected Reference
Strain Antimicrobial . . Score
value Interpretation value Interpretation value
AMK 21 S 0 20-26
CAZ 22 S 0 22-29
CIP 27 S 0 25-33
BAC2203004 GEN 21 S 0 17-23
Pseudomonas 0
aeruginosa IMP 22 S 20-28
MER 6 R 0 27-33
CEFEP 23 S 0 25-31
TOB 21 S 0 20-26
Strain Antimicrobial Obtained Obtainec! Expected Expected. Score Reference
value Interpretation value Interpretation value
AMP 25 S 20 S 3 >17
CIP 33 S 30 S 3 >31
CHL 25 S 23 S 3 >18
CRO 31 S
BAC2203005 GEN 22 S > 14
Salmonella 3
typhimurium SXT 25 S 27 S >17
TCY 19 S 16 S 3 >15
CEFEP 28 S > 25
CAZ 24 S >21
NAL 23 S
Table 9: ABST score of PL04/2021
. . . Obtained Obtained Expected Expected Reference
Strain Antimicrobial . . Score
value Interpretation value Interpretation value
BAC2202007 | AMK 25 S 21 S 3 20-26
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Pseudomonas | CAZ 25 S 22 S 3 22-29
aeruginosa | c\p 30 5 27 5 3 25-33
GEN 20 S 21 S 3 17-23
IMP 23 S 22 S 3 20-28
mer | w7 [ s [ e | R [ 0o [ 2733 |
NOR 28 S
PIP 28 S
PIP-TAC 30 S
POLY-B 14 S
CEFEP 23 S 25-31
TOB 21 S 20-26
Swan | Animoiar | O0ned ||| Ovvned | Dpeed || bpected | | Refrrce
AMP 27 S 20 S 3 >17
CIP 33 S 30 S 3 >31
CHL 26 S 23 S 3 > 18
CRO 28 S
GEN 17 S 22 S 3 >14
oo e | | s
typhimurium NAL 24 S
SXT 27 S 27 S 3 >17
TCY 24 S 16 S 3 > 15
CEFEP 28 S > 25
CAZ 24 S >21
AMK 22 S
Swan | Ao | Ooaned | | obtaned | Becied || el | .y | Refrrce
AMP 26 0
CIP 35 0
CHL 24 0
CRO 35 0
BAC2203009 GEN
Blank MER
NAL 20 0
SXT 26 0
TCY 21 0
CEFEP

CAZ




Table 10: ABST score of PL05/2021

The 2" Round National External Quality Assessment Trial: June 2022

Strain Antimicrobial Obtaine Obtaine(! Expecte Expectec! Score Reference
d value Interpretation d value Interpretation value
AMP 6 R
AMK 21 S 20-26
CAZ 22 S 22-29
CIP 27 S 25-33
CHL 6 R
CRO 20 S
Pi‘;ﬁji‘::::s GEN 20 5 21 5 3 17-23
aeruginosa IMP 22 S 20-28
[ mer [ 19 [ 1+ [ e | R [ 2 [ 2733 |
NAL 6 R
SXT 6 R
TCY 12 R
CEFEP 26 S 23 S 3 25-31
TOB 21 S 20-26
Strain Antimicrobial Obtaine Obtainet! Expecte Expectec! Score Reference
d value Interpretation d value Interpretation value
AMP 20 I 20 S 2 >17
CIP 30 S 30 S 3 >31
CHL 23 S >18
CRO 28 S
BAC2203009 GEN 16 | 22 S 2 >14
Salmonella MER 26 S
typhimurium NAL 21 S
SXT 24 S 27 S 3 >17
TCY 21 S 16 S 3 >15
CEFEP 28 S >25
CAZ 24 S >21

AMP: Ampicillin; AMK: Amikacin; AMX: Amoxycillin; CAZ: Ceftazidime; CZO: Cefazolin; CIP: Ciprofloxacin; LEX:

Cephalexin; CHL: Chloramphenicol; CRO: Ceftriaxone; GEN: Gentamycin; IMP: Imipenem; MER: Meropenem; NAL:
Nalidixic acid; NIT: Nitrofurantoin; NOR: Norfloxacin; SXT: Trimethoprim-sulfamethoxazole; TCY: Tetracycline; CTX:

Cefotaxime
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Discussion

Overall, the performance of laboratories participating in the 2022 EQA exercise is below average
compared to the previous exercises. However, the participants showed high proficiency in correctly
identifying P. aeruginosa except for one participant. For Salmonella, except for one laboratory, all the
laboratories reported correctly for the genus. Three laboratories showed a limited capacity to correctly
identify the target species and one laboratory reported as Citrobacter. On the contrary, one laboratory
reported: “No growth” for the “P. aeruginosa”, and another laboratory reported “Salmonella” for the
“blank” specimen. The submitted results also suggested that there might have been poor handling and
maintenance of the exercise strains, as some reports indicated possible contamination.

There was a good consensus of reported results for AST and were reported within the range as per the
working guideline, although overall minor deviation of zone interpretation is more frequent. The report
suggests that there should be a uniform selection of antibiotic agents being tested for the different strains
as per the CLSI guideline adopted by all the PLs. The major issue observed was the incorrect classification
of meropenem values. The expected value is 6mm (resistant) and the obtained values were “Susceptible”
and “Intermediate”. According to the CLSI recommendation, the quality of laboratory performance is
determined by indicating the accuracy and precision of data produced by an individual laboratory. A
systemic performance of internal quality control including testing of reference strains must be
implemented to warrant the improvement of laboratory capacity.

Serotyping of Salmonella was also a component with voluntary participation, for which only four of the
eight participating laboratories reported results. Of those, however, only one submitted data for both
serogroup and serovars. Based on the results, it is notable that some laboratories could only identify
certain serogroups. This could be due to limited technical capacity, but also a lack of antisera supply.

Conclusion

e This report presented the results of the AMR-NEQAS exercise, which included Pseudomonas
aeruginosa and Salmonella typhimurium. This EQA assessed the performance in (1) bacterial
identification, (2) AST determination and interpretation, and (3) serotyping of Salmonella.

e Accurate pathogen identification is crucial, especially in a clinical setting, and such exercises are a
regulatory requirement in many settings.

e There is a need to assess the causes of bacterial misidentification, for some of the pathogens, and
provide guidance and appropriate training.

e For this exercise, the interpretation of the obtained results by the participating laboratories was
assessed and scored based on the severity of the error.

Proper storage and maintenance of the test strains are recommended.

e Routine testing is required for quality control purposes, as deviating results among the strains imply

invalidation of the AST results.
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® As seen in the previous exercises, the laboratories still report incorrect interpretations of the Zone
Diameter values.

e |t is recommended all the participating laboratories should review their individual performance in
this exercise and revisit all areas where they did not achieve the intended results. Therefore,
participants should ensure that they are following their chosen methodology carefully, for which
they did not achieve the intended results.

e The observation that some participants are reporting Intermediate (I) and Susceptible (S) in cases
where their guidelines do not define such a category indicates that methods are not always strictly
adhered to, and participants should review their reporting practices.

Way forward

A dedicated NEQAS reporting web-based page for participants to enter their results will be available from
the 3™ exercise scheme. Participants will be able to use informatics to access instructions for the secure
web portal and download the protocol describing the specimen examination process. All participants were
invited to enter the obtained results into an informatics module designed for this purpose. The informatics
module could be accessed through a secured individual login and password. After the release of the
results, the participants will be invited to log in to retrieve an individual database-generated evaluation
report.

The laboratory is requested to submit its results on time as speculated in the guidelines. Meeting among
the microbiology center is of deemed importance to discuss and revisit the IQC measures and processes
followed and practiced at their respective laboratories.
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