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Abstract
The Food and Drug Administration’s Veterinary Laboratory Investigation and Response Network is comprised of more than 
40 animal diagnostic laboratories within North America and offers voluntary Proficiency Exercises to these participating 
laboratories. The joint Proficiency Exercise Program is run in collaboration with the Center for Food safety and Nutrition 
and Institute for Food safety and Health, located at the Moffett Proficiency Testing Laboratory. From 2012 to 2018, the 
Proficiency Exercise Program offered 20 proficiency tests or interlaboratory comparison exercises focused on veterinary 
analytes of interest. The program evaluated performance of laboratories, individual analysts, and the methods used. Over the 
six-year period, the program improved exercise schemes, as well as offered network laboratories exercises with analytes not 
routinely seen such as animal tissue with naturally occurring residues. Animal diagnostic laboratories can use performance 
results to assist with accreditation, demonstrate proficiency, and improve diagnostic capabilities.

Keywords  Proficiency test · Veterinary diagnostic · Microbiology · Toxicology

Introduction

The Food and Drug Administration’s (FDA) Veterinary 
Laboratory Investigation and Response Network (Vet-
LIRN) comprises more than 40 animal diagnostic laborato-
ries within North America. The Vet-LIRN Program Office 
(VPO) collaborates with the FDA’s Center for Food Safety 
and Nutrition and Institute for Food Safety and Health joint 
Proficiency Testing Program, located at the Moffett Profi-
ciency Testing Laboratory (MPTL), to offer voluntary Profi-
ciency Exercises (PEs) to network laboratories. Established 
in 2012, the Vet-LIRN Proficiency Exercise Program evalu-
ates performance of laboratories, individual analysts, and 
their methods. Collaborative exercises such as Proficiency 
Tests (PTs) and Interlaboratory Comparison Exercises (ICE) 
are used to evaluate performance. Collaborative exercises 
may provide training to participants, assist in validation of 
methods, and help identify needs in development of new 
methods. Both chemical and microbiological analytes are 
used in diagnostic matrices such as feces, various animal 
tissues, and occasionally, animal foods. Analytes and matri-
ces used in PEs are selected based on animal diagnostic 
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needs, FDA surveillance priorities, and recent animal food 
or drug recalls. PE parameters, number of samples and rep-
licates, analyte concentration, and acceptance criteria for 
results are established using International Organization for 
Standardization (ISO) and FDA guidelines in consultation 
with network laboratories, which may wish to test new or 
modified methods. Some PEs are repeated by using the same 
analyte and matrix across multiple rounds. This approach 
allows organizers to improve the schemes round-to-round for 
microbiological PEs by optimizing inoculum concentrations, 
number of sample replicates, bacterial strain selections, and 
conditions for sample handling.

The MPTL became an ISO/IEC 17043 accredited PT 
provider in 2017 (AP-2123). The MPTL has established a 
quality system with documented policies and procedures 
which governs each step of sample preparation [1, 2]. In 
collaboration with Vet-LIRN, the MPTL can offer PEs using 
unique matrices needed by diagnostic laboratories. In some 
cases, PEs have used animal tissues that contained poten-
tially harmful chemicals or residues of interest to FDA. The 
use of such “real life,” naturally contaminated samples for 
PEs provides diagnostic laboratories unique and crucial 
opportunities to evaluate their routine testing procedures 
and results [3].

Indeed, participation in PEs can help verify laboratory 
performance, identify areas for improvement, and improve 
quality of laboratory results [2–9]; however, the cost to par-
ticipate in multi-laboratory PEs may be high, limiting the 
opportunity to participate. In 2008, Sacchini and Freeman 
identified a shortage of PT programs for veterinary labora-
tories [5]. When testing serum for some analytes such as 
immunoglobulin antibodies, in 2014, Lee et al. also noted 
the lack of a regular PT program for the veterinary labo-
ratory community to monitor their quality assurance [10]. 
Vet-LIRN’s PE program aims to fill this gap in PE providers 
for the veterinary diagnostic laboratory community. Addi-
tionally, Vet-LIRN’s infrastructure grant funding (PAR-17-
141) actively supports the laboratories’ costs to participate in 
PEs. Note that the United States Department of Agriculture 
National Veterinary Services Laboratory (USDA NVSL) 
offers a PT program to veterinary diagnostic laboratories for 
diagnostics associated with USDA program diseases [11].

PE participation offers benefits to participating labora-
tories in multiple ways. By participating in a PE program, 
laboratories can exhibit their ability to successfully test for 
the analyte of interest, determine diagnostic sample testing 
capabilities, verify their confidence in final testing results, 
monitor laboratory performance, and assess results for con-
tinuous improvement. To support continuous improvement 
and learning, Vet-LIRN requests an internal performance 
review and a root cause analysis to identify corrective 
actions when laboratories do not achieve expected results 
during a PE [9].

Because network laboratories conduct testing for FDA, 
PEs help the agency ensure that test results are accurate and 
reliable [12]. Participation in PEs is also required by many 
accrediting bodies and may be required by customers [13]. 
Many Vet-LIRN laboratories are accredited either by the 
American Association of Veterinary Laboratory Diagnosti-
cians (AAVLD) or to ISO/IEC 17025 standards [14] and 
must participate in PEs annually to maintain their accredita-
tion. Currently, eight Vet-LIRN network laboratories have 
either completed or are working toward ISO/IEC 17025 
accreditation, and 32 network laboratories are AAVLD 
accredited.

In this communication we provide a summary of all PEs 
offered from 2012 to 2018 and emphasize two microbiology 
and two chemistry exercises as examples.

Material and methods

Preparation of samples

Eight microbiology PEs (Table 1) and eight chemistry PEs 
(Table 2) have been offered since 2012. Starting in 2016, 
three ICEs were offered for chemical analytes, and one ICE 
was offered for microbiological analytes. For microbiology, 
PT or ICE matrix composition was either canine feces or raw 
canine food. The primary focus of the microbiology PEs is 
major foodborne pathogens including Salmonella, Listeria 
monocytogenes, and Campylobacter. Chemistry PEs offer a 
wide range of matrices and analytes including tissue, serum, 
whole blood, and milk. One major focus of this program is 
to provide PEs using tissue from animals previously exposed 
to the chemical of interest; providing diagnostic laboratories 
“real life” samples. Summaries of several microbiology and 
chemistry PE sample preparations focused on in this paper 
are outlined in the section below.

Salmonella PT sample preparation

MPTL prepared 2015 Salmonella PT samples by resuscitat-
ing cryopreserved (−80 °C) bacterial cultures provided by 
Washington State University. A bead of culture was inocu-
lated into 10 mL of tryptic soy broth (TSB) and incubated 
at 37 °C for 24 h ± 2 h (based on Bacteriological Analytical 
Manual (BAM) Chapter 5: Salmonella)[15]. Tryptic Soy 
Agar (TSA) with 5 % sheep blood was used to plate cul-
tures and incubated at 37 °C for 24 h ± 2 h. The plates were 
checked for purity and identified biochemically using the 
automated VITEK® 2 identification system. Once the cul-
tures were confirmed pure, three working stock slants were 
made by streaking each culture to the surface of TSA slants 
in triplicate for each isolate. The slants were incubated for 
24 h ± 2 h at 37 °C and stored in the refrigerator at 4 °C until 
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needed. A 10 µL loopful of culture was inoculated into 10 
mL of TSB and incubated at 37 °C for 24 h ± 2 h. A second 
transfer was made using a 10 µL loopful of the broth cul-
ture into 10 mL of TSB and incubated at 37 °C for 24 h ± 2 
h. Cultures were enumerated using Aerobic Plate Count 3 
M™ Petrifilm® and counted after 48 h ± 2 h of incubation 
at 35 °C. Bulk samples were prepared by mixing 500 g of 
thawed Salmonella negative dog feces, from multiple dogs, 
with 500 mL of Butterfields Phosphate dilution buffer. The 
appropriate amount of inoculated Salmonella culture was 
added to the dilution buffer before it was added to the raw 
feces to achieve a level of 1 CFU/g to 10 CFU/g, depending 
on the desired spiking level. All samples were stored at 0 
°C–4 °C until shipment.

Listeria PT sample preparation

MPTL prepared 2018 Listeria PT samples by resuscitating 
cryopreserved (−80 °C) bacterial cultures collected from 
an FDA study examining the presence of bacteria in animal 
foods [16]. A bead culture was inoculated in 10 mL of Lis-
teria Enrichment Broth (LEB) and incubated for 24 h ± 2 h at 
30 °C under aerobic conditions (based on BAM Chapter 10: 
Detection of Listeria monocytogenes in Foods and Environ-
mental Samples) [17]. The cultures were plated on TSA with 
5 % sheep’s blood and incubated for 24 h ± 2 h at 35 °C. 
Cultures were identified biochemically using the automated 
VITEK® 2 identification system. Once the cultures were 
confirmed pure, working stock slants were made by streak-
ing each culture on TSA slants and incubated at 30 °C for 24 
h ± 2 h. The working slants were stored refrigerated between 
0 °C and 4 °C for use. A loopful of growth from each work-
ing slant was transferred to LEB and incubated for 24 h ± 2 
h at 30 °C. The broth cultures were enumerated on Aerobic 
Plate Count 3 M™ Petrifilm® to determine CFU/mL prior 
to spiking. The Petrifilm®plates were incubated for 48 h ± 2 
h at 30 °C. Samples were prepared by aseptically placing 
one frozen meat patty weighing approximately 25 g into a 
1.5 oz sterile plastic jar. The patties were thawed overnight 
between 0 °C and 4 °C in the refrigerator. The appropriate 
amount of inoculated Listeria culture was diluted in Butter-
field’s Phosphate Buffer and the correct amount was added 
individually to each jar to achieve the desired spiking level. 
Once spiked, the samples were held between 0 °C and 4 °C 
until packaged for shipping.

Melamine PT sample preparation

In 2014, control and melamine contaminated fish fillets were 
provided by the Center for Veterinary Medicine’s (CVM) 
Office of Research Aquaculture Team in accordance with 
the principles stated in the Guide for the Care and Use of Ta
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Laboratory Animals [18]. The contaminated catfish were 
prepared by feeding fish with melamine (10 mg/kg or 20 
mg/kg BW) and/or with cyanuric acid (10 mg/kg, 20 mg/
kg, or 40 mg/kg BW). The catfish were euthanized 1 or 3 
days after feeding and the fillets were processed by cutting 
into slices and then homogenized together with dry ice in a 
Hobart blender. The resulting powder was subdivided and 
stored frozen (≤ −25 °C) until shipping. The concentration 
of melamine and cyanuric acid in these fish muscle samples 
were determined using an FDA method [19]. Based on the 
melamine and cyanuric acid concentrations present in the 
fish samples, one control and five contaminated fillets were 
selected to prepare PE samples. Table 3 shows concentra-
tions determined by the MPTL.

Anticoagulant rodenticides ICE sample preparation

In 2017, the Veterinary Diagnostic Laboratory at Iowa State 
University, College of Veterinary Medicine in Ames, Iowa, 
under their approved IACUC protocol, collected canine and 
equine liver samples. The University of Kentucky screened 
the liver samples for anticoagulant rodenticides of inter-
est to confirm concentrations. Samples were divided into 
five batches based on concentration. Each batch was fur-
ther prepared by adding (3 × 4 mL) of spiking solution to 
600 g pre-homogenized liver sample. The liver sample was 
homogenized for 30 s at low speed after adding the 4 mL 
spiking solution each time and further homogenized for 2 
min after adding the last 4 mL. The homogenized samples 

were subdivided, tested for homogeneity, and stored at ≤ 
−25 °C until shipping.

Homogeneity and stability

Homogeneity and stability of PT samples are critical fac-
tors to address during sample preparation [20–22] and are 
required by ISO standards [14, 23]. The MPTL completes 
homogeneity and stability testing during the preparation of 
samples. Using randomly chosen test samples, analyzed in 
duplicate, homogeneity and stability testing is completed 
according to conditions outlined in ISO 13528 [23]. For 
quantitative PEs, the homogeneity check conditions include 
testing a minimum of 10 samples in duplicate and using the 
data to calculate homogeneity sample mean, within-sample 
standard deviation, and between-sample standard deviation. 
The number of samples for the homogeneity check may be 
reduced if data are available for similar samples prepared 
previously by the same procedures. Stability for microbio-
logical samples, i.e., ability to obtain cultures, is established 
for up to nine days. Chemistry sample stability is usually 
confirmed for a two-week timeframe, although the samples 
may be stable for much longer periods.

Participation

The Vet-LIRN PE program is open to active network labora-
tories and, in more recent years, to laboratories that also par-
ticipate in the Food Emergency Response Network (FERN) 
and other networks. Vet-LIRN has modified the program to 
allow multiple analysts within a laboratory to receive sepa-
rate sets of test samples and report their results. Laboratories 
were only allowed to receive one sample set for a single 
analyst previously. From 2012 to 2018, over 120 individuals 
participated in the PE program. On average, there were 35 
analysts in a microbiology PE and 21 analysts in a chemistry 
PE.

Results reporting

Laboratories report results through a secure reporting portal. 
Results are downloaded and analyzed by organizers. Ana-
lysts provide date sample received and condition of sample. 
Method information is captured along with instrumentation 
and limit of detection or quantification when requested. Ana-
lysts may also provide information on how frequently the 
method is used.

PT evaluation: assigned value by consensus for qualitative 
data

Due to lack of certified reference materials and fully 
validated reference methods for matrices of interest, 

Table 3   Melamine and cyanuric acid concentrations in fish fillet used 
during PT in June 2014

*0.1 mg/kg was the detection limit of method for either melamine or 
cyanuric acid

Sample ID Oral dose of mg/kg BW Concentration determined 
by MPC (mg/kg)*

Melamine Cyanuric 
acid

Melamine Cyanuric acid

VC-01 
&VC-12

None None Not detected Not detected

VC-02 
&VC-05

20 20 0.29 Not detected

VC-03 
&VC-06

10 10 1.6 Not detected

VC-04 & 
VC-10

10 0 3.6 Not detected

VC-07 & 
VC-09

0 40 Not detected 1.2

VC-08 
&VC-11

20 20 2.5 0.1

Negative 
control

None none Not detected Not detected
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performance of a PT participant is assessed using assigned 
values determined by consensus agreement based on results 
reported by all participants in accordance with ISO 13528 
and ISO/IEC 17043 [23, 24]. In qualitative PTs, consensus 
agreement is defined as ≥ 80% agreement among results 
from all analysts. If consensus agreement is not met, those 
results are not scored. This is often the case for low con-
centration challenge samples designed to assess a method’s 
limitations under extreme conditions rather than analyst 
capabilities. The overall performance of each analyst is 
evaluated using combined performance scores [13]. Analyst 
performance is considered satisfactory if an analyst identi-
fied ≥ 75% results (out of all scored PT samples) correctly. 
Descriptive statistics including sensitivity and specificity 
rates [23] are often included in reports to summarize overall 
results as well. Sensitivity rate (rSE) is calculated according 
to the following formula from ISO 22117:

where n+ is the number of positive results found and E(n+ tot) 
is the total number of expected positive samples. Specificity 
rate (rSP) is calculated according to the following formula 
from ISO 22117:

where n- is the number of negative results found and E(n- tot) 
is the total number of expected negative samples.

PT evaluation: Z‑scores for quantitative data

For quantitative data, the assigned value/PT mean (xpt) for 
the measurand and the standard deviation of the PT (σpt) 
are computed using Algorithm A from consensus values 
of combined replicate results reported by the participants. 
MPTL completes statistical analysis of the data for each PT 
using ProLab Plus software developed to assess the quality 
and accuracy of results. The z-score value shows how far, in 
standard deviations, a reported data point is from the mean 
or average of a data set. This is known as standardizing; 
thus, participants receive standard z-scores. The formula 
for z-score calculation is as follows (ISO 13528:2015) [23]: 
zi = (xi – xpt)/ σpt (where xi is the reported value, xpt is the PT 
mean/assigned value, and σpt is the standard deviation for 
the PT, also referred to as target standard deviation) [23]. 
Normally distributed data shows 95% of values within 2 σ 
of the mean and 99.7% of values within 3σ [25]. According 
to ISO 13528 guidelines, results with a z-score (|z|) greater 
than 2 are considered questionable because only 5 % of cor-
rect measurements are expected to be that different from 
the assigned value [23]. Results with a z-score (|z|) equal or 

r
SE

=
n+

E(n+tot)

r
SP

=
n−

E(n−tot)

greater than 3 are considered unsatisfactory because only 
0.3 % of correct measurements are expected to be that dif-
ferent from the assigned value [13].

The interpretation of z-scores for quantitative results 
within PT reports are as follows [23]:

•	  |z-score| ≤ 2 is acceptable and is indicative of satisfac-
tory performance

•	 2 < |z-score| < 3 is flagged in yellow; analysts/laborato-
ries are issued a “warning signal”

•	 |z-score| ≥ 3 is flagged in red; analysts/laboratories are 
issued an “action signal”

The standard practice is to statistically score data when 
≥ 80 % participants reported quantitative data for that sam-
ple. Traditionally, if an analyst reports “less than” a certain 
value when ≥ 80 % of the participants submitted quantitative 
data, that analyst receives a non-passing z-score (|z|) of 3.0.

ICE evaluation

In addition to PTs, the Vet-LIRN’s PE program offers such 
collaborative exercises as ICEs. These exercises are primar-
ily designed to assist in evaluating performance of newly 
developed and recently modified methods or to explore 
potential uses of existing methods for additional matri-
ces (new matrix extension). ICEs are designed to provide 
Vet-LIRN laboratories a safe and structured way to evalu-
ate a method that their laboratory is using or planning to 
use. Although the ICEs are not PTs, the basic procedures 
used to prepare for the collaborative exercise (preparation 
of instructions, preparation of samples, shipping of sam-
ples, submitting results, stability and homogeneity) all fol-
low ISO/IEC 17043 guidelines. The difference between an 
ICE and a PT is that the ICE results are summarized using 
descriptive statistics and compared to multiple estimation 
values such as target sample spike concentration, consensus 
of reported results by all participants, MPTL’s results based 
on application of partially validated methods, and expert 
opinion. The ICE approach has evolved as a need to evaluate 
performance of small number of participants (< 15) using 
methods for exotic/rare matrices and chemicals for which no 
certified reference materials or reference methods are avail-
able. In ICE, analysts are not graded but may be provided 
with graphical representations of their data in comparison 
to each other and multiple estimation or assigned values. 
It is expected that there may be multimodal distributions, 
especially if results were submitted from methods still under 
evaluation. ICE evaluations may provide information on the 
specificity rate, sensitivity rate, and accuracy rate. Each lab-
oratory is expected to use the data to evaluate their method, 
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explore alternate method performance, and to train analysts 
in a method.

The final report for an ICE should not be used to assess 
the laboratory’s performance, but it can serve as an example 
of the laboratory’s desire to continually improve. The organ-
izers occasionally request information from selected labo-
ratories about results that appear to be outliers to determine 
if those results should be included in certain computations.

Results

Microbiology

Microbiology PEs for Listeria and Salmonella are offered 
over multiple rounds. In each round the preparation of the 
PE samples improved along with the laboratory performance 
(Table 8). Vet-LIRN PEs use matrices that are not only a 
challenge for the analyst, but also challenging for the PE 
provider. The MPTL continuously strives to improve sample 
preparation and the overall administration of PEs over time. 
The trend of increasing proportions of correct results from 
2012 to 2018 is an indicator of improved PE study design 
and execution as well as enhanced laboratory performance.

Salmonella PT

One of the main reasons Vet-LIRN offered the Salmonella 
PT was to ensure that specific laboratories participating in 
a study to evaluate the prevalence of Salmonella in dog and 
cat feces in the United States demonstrated their ability to 
use a harmonized method to accurately diagnose Salmonella 

presence in a fecal sample [26]. Round 1 for Salmonella 
was offered in February 2012 and twenty-six laboratories 
participated in this first PT. The bacterial strain used in this 
PE did not survive well in the fecal matrix. Future rounds 
replaced the strain with a strain specifically isolated from 
dog feces. Round 1 was able to demonstrate that the har-
monized method performed better than other methods with 
8 out of 11 participating laboratories correctly identifying 
medium and high spiked samples. Salmonella PE round 2 
used a strain of Salmonella Typhimurium isolated from dog 
fecal samples provided by Washington State University. By 
using a strain originally isolated from dog fecal samples, 
VPO and MPTL hoped to reduce matrix effect and increase 
culture stability. Again, 26 laboratories participated and 
this time 20 laboratories identified all samples correctly. 
Five laboratories missed one sample and one laboratory 
missed two samples. Laboratories participating in the study 
identified all spiked samples correctly, but two laboratories 
showed cross-contamination in negative samples which they 
detected as positive. Round 3 of the Salmonella PE increased 
the difficulty of the PE with the addition of Salmonella Hei-
delberg, an atypical H2S-negative strain. The goal was to 
create more realistic testing scenario, because a variety of 
strains may be isolated from dog fecal samples. Twenty-five 
laboratories participated and twenty-two of them correctly 
identified all samples. Three laboratories missed two of the 
eight samples. Round 4 of the Salmonella PE was a repeat of 
Round 3 with an increased sample size. Twenty-five labora-
tories participated and nineteen of them correctly identified 
all samples. No false positives were reported. False posi-
tive and false negative information is reported in Table 4. 
Two laboratories could not identify the atypical Salmonella 

Table 4   Summary of false positive and negative rates for microbiology Proficiency Exercises administered by Vet-LIRN and MPC 2012–2018

PT proficiency test
ICE inter-laboratory comparison exercise
TRN training exercise
na not applicable, PTs were only offered to laboratories and not individual participants

Year Month Exercise type Analyte Matrix No. labo-
ratories

No. analysts No. samples % False 
positive

% False 
nega-
tive

2012 January PT Salmonella Canine Feces 26 na 8 0 76
2012 June PT Salmonella Canine Feces 26 na 8 6 3
2013 March PT Salmonella Canine Feces 25 na 8 0 4
2014 July PT Listeria Raw Canine Food 20 26 12 1 14
2015 March PT Salmonella Canine Feces 25 na 12 0 9
2015 December PT Listeria Raw Canine Food 26 37 12 3 5
2017 April PT Campylobacter Canine Feces 28 57 12 2 74
2017 October TRN Campylobacter Canine Feces 5 12 6 2 2
2018 January PT Listeria Raw Canine Food 27 42 12 0 3
2018 October ICE Campylobacter Canine Feces 7 7 12 0 0
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strain. Eight out of nine study laboratories reported correct 
results for all samples.

Listeria PT

The goal of the Listeria PT, offered in multiple rounds, was 
to assess Vet-LIRN laboratories’ ability to detect Listeria 
spp. in raw pet food products. In 2014, FDA reported that 
Listeria monocytogenes was present in raw pet food prod-
ucts and thus is a potential health risk for both humans and 
animals [16]. In 2016, six different raw pet food products 
were recalled for potential contamination with Listeria [27]. 
Recently, Listeria monocytogenes in cats was confirmed to 
be caused by consumption of raw pet food [28]. Due to the 
documentation of Listeria in raw products and the increased 
number of recalls from one in 2014 to nine in 2018 [27], it 
is vital for Vet-LIRN laboratories to be able to detect Lis-
teria spp. in raw pet food products. The first Listeria PE 
was offered in July 2014. Twenty laboratories participated 
in Round 1 with results from 26 analysts. Raw pet food test 
samples were spiked at very low levels with strains of Lis-
teria including L. monocytogenes, L. innocua, and L. welshi-
meri. All strains were previously isolated from raw pet food 
products [16]. All analysts accurately reported no Listeria 
in three out of four blanks samples. One analyst reported a 
false positive in one of the blank samples (Table 4). Seven-
teen of the 26 analysts reported correct results in eight of the 
12 samples. Four were not evaluated for accuracy because 
there was no consensus among analysts; all concentrations 
were low (0.16 CFU/g). Round 1 highlighted the difficulties 
of conducing a proficiency test designed to test very low 
spike concentrations of Listeria spp. in a challenging matrix. 
VPO and MPTL also identified several issues with packing. 
Subsequent Listeria PE rounds were conducted with higher 
spike levels and clearer reporting instructions; resulting in 
improved detection rates among laboratories. Thirty-seven 
analysts from 26 laboratories participated in Round 2. Raw 
pet food products were again spiked with various strains 
of Listeria spp., but this time higher spike concentrations 
were used. One very low challenge sample was also sent 
and excluded from scoring because the expectation was frac-
tional recovery in which 25% -75% of participants would 
report a result of detected, and thus did not meet consensus 
criteria to be scored in the final report. Laboratories were 
instructed to report detected or not detected for Listeria spp. 
and only required to speciate if their method was able to do 
so. In Round 1, there was confusion over reporting require-
ments and some laboratories were not able to speciate. 
Thirty-five out of 37 analysts reported satisfactory results. 
Round 3 was offered in January 2018 with 42 analysts 
from 27 laboratories participating. Again, several Listeria 
spp. were used with one very low challenge sample which 
was not scored. Forty out of 42 analysts had satisfactory 

results. There were no false positives in Round 3. Results in 
Table 5 summarize sensitivity and specificity rates for the 
cultural and PCR detection of Listeria species in raw canine 
food over the three rounds of the Listeria PT. These results 
illustrate how overall participant performance can improve 
round-to-round and highlight the importance of improving 
sample preparation, composition, and instructions round-to-
round for repeated PEs.

Chemistry

Chemistry PEs are typically offered as a single round; how-
ever, with the introduction of interlaboratory comparison 
exercises, some matrix and analytes were repeated. Chem-
istry PEs focus mainly on diagnostic samples; thus, they 
provide participants unique test matrices that are not offered 
by most other PT providers.

Melamine PT

Food for human and animal consumption has been adul-
terated with melamine and cyanuric acid for economically 
motived reasons because these compounds can increase 
apparent protein content [19, 29]. The purpose of this PT 
was to evaluate Vet-LIRN laboratories’ ability to detect and 
quantify melamine and cyanuric acid in fish, for human con-
sumption, at concentrations close to the level of concern 
(2.5 mg/kg) [30]. One laboratory was not scored because 
their method was not sensitive enough to detect the level 
of concern. Overall, five laboratories showed their ability 
to determine melamine and cyanuric at levels close to the 
level of concern. One laboratory reported a false positive for 
an untreated sample. Laboratories were not only capable of 
screening, but also quantifying melamine and cyanuric acid 
at lower levels, which is important for diagnostic purposes. 
The exercise revealed that network laboratories can analyze 
large numbers of samples in relatively short period of time 
which is essential during a potential adulteration event.

Table 5   Sensitivity and specificity for the detection of Listeria spe-
cies in raw canine food by cultural and PCR methods over three PT 
rounds

rSP specificity rate
rSE sensitivity rate

PT Date Culture PCR

rSP (%) rSE (%) rSP (%) rSE (%)

July 2014 98.0 68.0 100.0 80.0
December 2015 97.0 88.0 100.0 67.0
January 2018 100.0 89.5 100.0 80.0
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Anti‑coagulant rodenticides ICE

The first ICE offered using a method developed by a net-
work laboratory examined the ability of laboratories to 
detect anti-coagulant rodenticides (ARs) in animal liver. 
ARs are used to control rodent populations, but can be 
ingested by non-target species, either accidentally or due 
to malicious baiting. In 2014, Vet-LIRN funded a pro-
ject at the University of Kentucky to develop a network 
method to quantify ARs in animal liver [31]. The method 
was tested successfully under blinded method conditions 
and then provided to the network as a Vet-LIRN recom-
mended method. An ICE, offered in May 2017, evaluated 
the performance of this and other methods used by Vet-
LIRN diagnostic laboratories to quantify eight ARs in 
canine and equine liver. Twelve liver samples containing 
various spiked concentrations of eight ARs were sent to 
14 analysts in 13 different laboratories. Three of the 13 
laboratories used the recommended method with no modi-
fication or minor modification. These three laboratories 
performance scores were 94% or above for all ARs. Four 
laboratories used the recommended method with major 
modifications and their laboratory performance scores 
varied greatly. All other laboratories used internal meth-
ods and their laboratory performance scores also varied 
greatly. All laboratories did accurately report low concen-
trations in low spike samples and high concentrations in 
high spike samples.

The ICE demonstrates that the recommended method 
works well and there is room for improvement or chang-
ing a laboratory’s method to the Vet-LIRN recommended 
method.

False positive and false negative rates for multiple 
exercises

The false positive/ false negative rates were calculated for 
each PT or ICE and are shown in Tables 4 and 6. False 
positive is the probability of the method providing a positive 
result when the sample does not contain the analyte. The 
false negative rate is the probability of the method providing 
a negative result when the sample does contain the analyte. 
Edson reviewed pathogen detection in food microbiology 
laboratories and showed that in over nine years of PEs, labo-
ratories detected Listeria monocytogenes with a 7.2% false-
negative rate and Salmonella spp. with a 5.9% false-negative 
rate [32]. Atypical strains of bacteria lead to higher false-
negative [32]. Salmonella inoculated at low concentrations 
(1–10 CFU/g) resulted in increased false-negative responses 
[33]. Both Edson and Augustin note that that there was no 
improvement in pathogen detection over time [32, 33]. In the 
Vet-LIRN PE program, the false negative rate for Salmonella 
is 5.3 % for 3 PTs spanning several years. The false nega-
tive rate went up across rounds and this may be due to the 
introduction of atypical strains as well as lower inoculation 
levels. The first scored round of the Salmonella PE included 

Table 6   Summary of false positive and negative rates for chemistry Proficiency Exercises administered by Vet-LIRN and MPC 2012–2018

PT proficiency test
ICE inter-laboratory comparison exercise
TRN training exercise
na not applicable, PTs were only offered to laboratories and not individual participants

Year Month Study type Analyte Matrix No. labo-
ratories

No. analysts No. samples % False 
positive

% False 
nega-
tive

2012 July PT Copper Bovine and Capra Liver 15 na 8 na 2
2013 July PT Flunixin Milk 22 na 12 na 7
2013 September PT Aflatoxin Milk 18 20 12 0 1.5
2014 June PT Melamine Catfish Muscle 6 na 12 10 0
2015 March PT Lead Equine Blood 15 16 12 2.1 0
2015 June PT Aflatoxin Milk 22 39 12 0 1.4
2016 April ICE Vitamin E Serum 9 18 12 na na
2016 September PT Vitamin E Serum 13 24 12
2017 July ICE Vitamin E Liver 7 14 12 na na
2017 May ICE Anticoagulant 

Rodenticides
Liver 13 14 12 na na

2018 May PT Lead Bovine Liver 16 24 12 0
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one typical strain at three different levels. The low concen-
tration was the cause of the false-negative responses. In the 
second and third scored round for the Salmonella PT, Salmo-
nella Heidelberg, an atypical H2S negative strain, was intro-
duced. The second round contained two Heidelberg samples 
and the third round contained five Heidelberg samples. The 
third round also used much lower inoculation levels, going 
from 10,000 CFU/g in round 2 to 10 CFU/g, 5 CFU/g, and 1 
CFU/g in the third round. The false negative rate increased 
during the third round.

Frequency of use

Griffin identified that when laboratories regularly test large 
numbers of specimens they perform better than laborato-
ries testing smaller numbers of specimens [34]. Veterinary 
diagnostic laboratories test large numbers of microbiological 
specimens every year. Fewer veterinary diagnostic laborato-
ries complete toxicology testing services. Vet-LIRN started 
tracking how PE performance results may be affected by 
frequency of method use. During Round 3 of the Listeria 
PT, analysts identified the frequency of method used for both 
culture and PCR results (Table 7). Analysts could report 
if the method was used regularly (weekly), intermittently 
(every 3–6 months), or infrequently (only as needed). For 
culture methods, two analysts using the method weekly 
reported one false-negative each. Of the three analysts using 
the method infrequently, two had a single false-negative and 
one had two false-negatives. A larger number of analysts 
reported use of the method was infrequent, but their perfor-
mance score was not negatively impacted.

Accuracy

Sensitivity, specificity, and accuracy rates (rSE, rSP, rAC) were 
calculated for each repeated microbiological PE (Table 8)., 
The largest increase in rSE and rAC was from round 1 to 
round 2 for the Salmonella, Listeria, and Campylobacter PEs 
(Table 8). Overall, rSP was less variable than rSE and rAC and 

Table 7   Frequency of cultural and PCR method use for the detection 
of Listeria species in raw canine food in round 3 of the PT

*One analyst noted method was used seasonally

Frequency Culture PCR

No. Ana-
lysts

No. Ana-
lysts w/ ≥ 1 
False Nega-
tive

No. Ana-
lysts

No. Analysts 
w/ ≥ 1 False 
Negative

Weekly* 8 2 3 0
Intermit-

tently
12 1 1 0

Infrequently 20 3 4 1
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ranged from 94 to 100 % across all PE rounds for all organ-
isms (Table 8). Figure 1 shows mean rAC for all the micro-
biological PEs, and in each case, round 1 accuracy rates are 
significantly different than subsequent rounds. These results 
are likely due to a combination of factors including better 
PE design and sample preparation, clearer instructions, and 
improved analyst performance.

Discussion

Vet-LIRN offered 16 PTs and 4 ICEs to network laboratories 
over 6 years, which considerably expanded the number of 
PEs using veterinary matrices available to veterinary labo-
ratories. The Vet-LIRN PE Program may well fill the gap, 
noted in 2008 by Sacchini, by providing PEs for veterinary 
laboratories at no charge with matrices and analytes that 
focus on animal diagnostic needs, FDA surveillance pri-
orities, and recent animal food or drug recalls [5]. PTs and 
ICEs allow laboratories to assess and improve performance 
of standardized methods and their own methods [35–38]. 
Laboratories need a system in place that identifies and 
reduces errors [34]. On average, 25 laboratories partici-
pated in microbiology PEs, and 16 laboratories participated 
in chemistry PEs.

Novak argues that PTs do not improve laboratory perfor-
mance over time [39]; however, participant level population 
turnover is not addressed. There is no information on labora-
tory personnel turnover, because we did not allow individual 
participants until later years of the PE program. The par-
ticipants can evaluate results after a PE and determine what 
kind of improvements, if any, should be made. One would 
expect that the analyst can apply those findings to the next 
round. However, if there is high staff turnover in a labora-
tory, then each time the PE is run at the laboratory a new 
participant would not learn from the previous round. The 
Vet-LIRN PE program plans to address this in the future. 
In more recent PTs and ICEs, we offer the opportunity for 
multiple participants at each laboratory, and each partici-
pant is tracked over time. This will be especially useful for 
microbiology PEs, which are normally offered in multiple 
rounds and have more participants than the chemistry PEs. 
By participating in PTs and ICEs, laboratories are showing 
their staff that they are committed to implementing qual-
ity standards, improving overall performance, and offering 
learning opportunities.

The guidance in ISO 13528 for statistical review of PT 
results states that faults in administration of the PT may be 
apparent after multiple rounds of a PT scheme and that poor 
results could be due to unclear instructions [23]. The Vet-
LIRN PE program offered microbiology PEs in multiple 
rounds and learned from each round. After the first round of 
the Salmonella PE, the PE providers changed the inocula-
tion isolate to deal with the poor growth of the strain used 
in the fecal matrix. The first Listeria PE showed organizers 
that unclear instructions resulted in lack of consensus among 
laboratory results. A PE is a learning opportunity not only 
for the participating laboratories, but also for the PE provid-
ers. Over time, Vet-LIRN and the MPTL improved schemes 
for PEs, developed better instruction documents, and stream-
lined communications to enhance PTs and ICEs.

Fig. 1   Mean accuracy rates for the detection of a Salmonella in 
canine feces b Listeria in raw canine food and c Campylobacter in 
canine feces. Performance is summarized as mean accuracy rate dif-
ferences amount rounds detected by Tukey’s test for ANOVA (error 
bars represent standard error)
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To appropriately trend results across rounds, Vet-LIRN 
may need to consider repeating PEs with consistent schemes 
and assessment criteria to evaluate laboratory and analyst 
performance effectively [40]. To date, if a PE was repeated, 
Vet-LIRN and the MPTL worked to improve the scheme, 
especially with microbiology-based PEs. Overall, there 
is evidence to show that continued participation in PEs 
improves laboratory performance, but there are limitations 
of PE evaluations. Laboratories may become familiar with 
PE schemes and encourage only their best analysts to par-
ticipate. Poor performing laboratories may not participate in 
multiple rounds. Each analyst may be given extra time and 
care to each sample for PE analysis. Even with multiple limi-
tations, the goal is that PEs offer diagnostic laboratories the 
ability to improve quality systems and learn from mistakes.

In recent years, the Vet-LIRN PE Program offers 
more ICEs which allow laboratories to assess newly vali-
dated methods. These exercises help laboratories iden-
tify the strengths and weaknesses of their testing services 
and provide them with support to continuously improve 
performance.

Overall, there is a large interest from laboratories to 
participate in the Vet-LIRN PE Program. Vet-LIRN will 
continue to offer PTs and ICEs to network laboratories and 
receive the insight into what laboratories would like to test 
to improve their quality systems.

Acknowledgements  The Vet-LIRN PE program would like to acknowl-
edge the cooperation extended by the Vet-LIRN network laboratories. 
Diligence and hard work of the laboratory scientists involved is greatly 
appreciated.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Wiegers AL (2002) The age of competence: an update on the 
international laboratory accreditation scene for veterinary test-
ing laboratories. Journal of veterinary diagnostic investigation : 
official publication of the American Association of Veterinary 
Laboratory Diagnosticians, Inc 14 (2):89–96. doi:https://​doi.​org/​
10.​1177/​10406​38702​01400​201

	 2.	 Wiegers AL (2004) The quality assurance of proficiency testing 
programs for animal disease diagnostic laboratories. Journal of 
veterinary diagnostic investigation: official publication of the 

American Association of Veterinary Laboratory Diagnosticians, 
Inc 16 (4):255–263. doi:https://​doi.​org/​10.​1177/​10406​38704​
01600​401

	 3.	 Poulsen ME, Christensen HB, Herrmann SS (2009) Profi-
ciency test on incurred and spiked pesticide residues in cere-
als. Accred Qual Assur 14(8):477–485. https://​doi.​org/​10.​1007/​
s00769-​009-​0555-2

	 4.	 Stang HL, Anderson NL (2013) Use of proficiency testing as a 
tool to improve quality in microbiology laboratories. 35 (18):145–
152. doi:https://​doi.​org/​10.​1016/j.​clinm​icnews.​2013.​08.​007

	 5.	 Sacchini F, Freeman KP (2008) Quality documentation challenges 
for veterinary clinical pathology laboratories. J Vet Diagn Inves-
tig 20 (3):266–273. doi:https://​doi.​org/​10.​1177/​10406​38708​02000​
302

	 6.	 Cortez L, Duarte A, Hundewadt A, Schmidt A, Steffen B, Tholen 
D, Fostel H, Papadakis I, del Monte MG, Boley N, van Berkel 
PM (2003) How to interpret information from proficiency test 
exercises concerning the relative performance of accredited labo-
ratories. Accred Qual Assur 8(11):511–513. https://​doi.​org/​10.​
1007/​s00769-​003-​0674-0

	 7.	 Juniper IR (1999) Quality issues in proficiency testing. Accred 
Qual Assur 4(8):336–341. https://​doi.​org/​10.​1007/​s0076​90050​377

	 8.	 Whetton M, Finch H (2009) Analytical performance is improved 
by regular participation in proficiency testing: an analysis of data 
from the Aquacheck proficiency testing scheme. Accred Qual 
Assur 14(8):445–448. https://​doi.​org/​10.​1007/​s00769-​009-​0498-7

	 9.	 Miller WG (2009) The role of proficiency testing in achieving 
standardization and harmonization between laboratories. Clin 
Biochem 42(4):232–235. https://​doi.​org/​10.​1016/j.​clinb​iochem.​
2008.​09.​004

	10.	 Lee KW, Blankenship K, McKinney B, Kern G, Buch J, Green-
wood J, Brazis P, Drouet L, Tambone C, Faas R, Weaver G (2015) 
Proficiency monitoring of monoclonal antibody cocktail-based 
enzyme-linked immunosorbent assay for detection of allergen-
specific immunoglobulin E in dogs. J Vet Diagn Investig 27 
(4):461–469. doi:https://​doi.​org/​10.​1177/​10406​38715​587547

	11.	 Service UAaPHI (2020) Proficiency test panels available from the 
NVSL. https://​www.​aphis.​usda.​gov/​aphis/​ourfo​cus/​anima​lheal​th/​
lab-​info-​servi​ces/​sa_​reage​nts/​ct_​profi​ciency

	12.	 Jones JL, Rotstein DS, Ceric O, Nemser SM, Reimschuessel R 
(2018) Information for veterinarians on reporting suspected ani-
mal food issues. J Am Vet Med Assoc 253(5):550–553. https://​
doi.​org/​10.​2460/​javma.​253.5.​550

	13.	 Standardization IOf (2010) Conformity assessment - General 
requirements for proficiency testing

	14.	 Standardization IOf (2017) ISO/IEC 17025 General requirements 
for the competence of testing and calibration laboratories

	15.	 Administration FaD (2020) Bacteriological Analytical Manual 
(BAM) Chapter 5: Salmonella. 2/27/2020 edn

	16.	 Nemser SM, Doran T, Grabenstein M, McConnell T, McGrath T, 
Pamboukian R, Smith AC, Achen M, Danzeisen G, Kim S, Liu 
Y, Robeson S, Rosario G, McWilliams Wilson K, Reimschues-
sel R (2014) Investigation of Listeria, Salmonella, and toxigenic 
Escherichia coli in various pet foods. Foodborne Pathog Dis 
11(9):706–709. https://​doi.​org/​10.​1089/​fpd.​2014.​1748

	17.	 Administration FaD (2017) Bacteriological Analytical Manual 
(BAM) Chapter 10: Detection of Listeria monocytogenes in Foods 
and Environmental Samples, and Enumeration of Listeria mono-
cytogenes in Foods. 10/31/2017 edn

	18.	 Research IfLA (2011) Guide for the care and use of laboratory 
animals

	19.	 Heller DN, Nochetto CB (2008) Simultaneous determination and 
confirmation of melamine and cyanuric acid in animal feed by 
zwitterionic hydrophilic interaction chromatography and tandem 
mass spectrometry. Rapid Commun Mass Spectrom 22(22):3624–
3632. https://​doi.​org/​10.​1002/​rcm.​3779

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/104063870201400201
https://doi.org/10.1177/104063870201400201
https://doi.org/10.1177/104063870401600401
https://doi.org/10.1177/104063870401600401
https://doi.org/10.1007/s00769-009-0555-2
https://doi.org/10.1007/s00769-009-0555-2
https://doi.org/10.1016/j.clinmicnews.2013.08.007
https://doi.org/10.1177/104063870802000302
https://doi.org/10.1177/104063870802000302
https://doi.org/10.1007/s00769-003-0674-0
https://doi.org/10.1007/s00769-003-0674-0
https://doi.org/10.1007/s007690050377
https://doi.org/10.1007/s00769-009-0498-7
https://doi.org/10.1016/j.clinbiochem.2008.09.004
https://doi.org/10.1016/j.clinbiochem.2008.09.004
https://doi.org/10.1177/1040638715587547
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/lab-info-services/sa_reagents/ct_proficiency
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/lab-info-services/sa_reagents/ct_proficiency
https://doi.org/10.2460/javma.253.5.550
https://doi.org/10.2460/javma.253.5.550
https://doi.org/10.1089/fpd.2014.1748
https://doi.org/10.1002/rcm.3779


156	 Accreditation and Quality Assurance (2021) 26:143–156

1 3

	20.	 Bremser W, Lucke FK, Urmetzer C, Fuchs E, Leist U (2011) An 
approach to integrated data assessment in a proficiency test on the 
enumeration of Escherichia coli. J Appl Microbiol 110(1):128–
138. https://​doi.​org/​10.​1111/j.​1365-​2672.​2010.​04866.x

	21.	 Jewell K (2001) Microbiological proficiency testing: a personal 
perspective. Accred Qual Assur 6(4):154–159. https://​doi.​org/​10.​
1007/​s0076​90000​295

	22.	 Lombard B (2006) Estimation of measurement uncertainty in food 
microbiology: the ISO approach. Accred Qual Assur 11(1):94–
100. https://​doi.​org/​10.​1007/​s00769-​005-​0085-5

	23.	 Standardization IOf (2015) Statistical methods for use in profi-
ciency testing by interlaboratory comparisons

	24.	 Baldan A, van der Veen AMH, Prauß D, Recknagel A, Boley N, 
Evans S, Woods D (2001) Economy of proficiency testing: refer-
ence versus consensus values. Accred Qual Assur 6(4):164–167. 
https://​doi.​org/​10.​1007/​pl000​13515

	25.	 Standardization IOf (2010) Microbiology of food and animal feed-
ing stuffs - Specific requirements and guidance for proficiency 
testing by interlaboratory comparison. 22117. ANSI

	26.	 Reimschuessel R, Grabenstein M, Guag J, Nemser SM, Song K, 
Qiu J, Clothier KA, Byrne BA, Marks SL, Cadmus K, Pabilonia 
K, Sanchez S, Rajeev S, Ensley S, Frana TS, Jergens AE, Chappell 
KH, Thakur S, Byrum B, Cui J, Zhang Y, Erdman MM, Rankin 
SC, Daly R, Das S, Ruesch L, Lawhon SD, Zhang S, Baszler T, 
Diaz-Campos D, Hartmann F, Okwumabua O (2017) Multilabo-
ratory survey to evaluate salmonella prevalence in diarrheic and 
nondiarrheic dogs and cats in the United States between 2012 and 
2014. J Clin Microbiol 55(5):1350–1368. https://​doi.​org/​10.​1128/​
jcm.​02137-​16

	27.	 Recalls, Market Withdrawals, & Safety Alerts. FDA. https://​www.​
fda.​gov/​safety/​recal​ls/

	28.	 Jones JL, Wang L, Ceric O, Nemser SM, Rotstein DS, Jurkovic 
DA, Rosa Y, Byrum B, Cui J, Zhang Y, Brown CA, Burnum AL, 
Sanchez S, Reimschuessel R (2019) Whole genome sequenc-
ing confirms source of pathogens associated with bacterial 
foodborne illness in pets fed raw pet food. J Vet Diagn Investig 
1040638718823046. doi:https://​doi.​org/​10.​1177/​10406​38718​
823046

	29.	 Stine CB, Nochetto C, Gieseker CM, Evans ER, Hasbrouck NR, 
Mayer TD, Girard L, Reimschuessel R (2013) Depletion of mela-
mine and cyanuric acid in kidney of catfish Ictalurus punctatus 
and trout Oncorhynchus mykiss. J Vet Pharmacol Ther 36(6):617–
620. https://​doi.​org/​10.​1111/​jvp.​12058

	30.	 FDA (2008) Update: interim safety and risk assessment of mela-
mine and its analogues in food for humans. https://​wayba​ck.​archi​
ve-​it.​org/​7993/​20170​11117​4251/​http://​www.​fda.​gov/​Food/​Foodb​
orneI​llnes​sCont​amina​nts/​Chemi​calCo​ntami​nants/​ucm16​4520.​htm

	31.	 Smith LL, Liang B, Booth MC, Filigenzi MS, Tkachenko A, 
Gaskill CL (2017) Development and validation of quantitative 
ultraperformance liquid chromatography-tandem mass spectrom-
etry assay for anticoagulant rodenticides in liver. J Agric Food 
Chem 65(31):6682–6691. https://​doi.​org/​10.​1021/​acs.​jafc.​7b022​
80

	32.	 Edson DC, Empson S, Massey LD (2009) Pathogen detection in 
food microbiology laboratories: an analysis of qualitative profi-
ciency test data, 1999–2007. J Food Saf 29(4):521–530. https://​
doi.​org/​10.​1111/j.​1745-​4565.​2009.​00174.x

	33.	 Augustin JC, Carlier V (2002) French laboratory proficiency test-
ing program for food microbiology. J AOAC Int 85(4):952–959

	34.	 Griffin CW 3rd, Mehaffey MA, Cook EC, Blumer SO, Podeszwik 
PA (1986) Relationship between performance in three of the Cent-
ers for Disease Control microbiology proficiency testing programs 
and the number of actual patient specimens tested by participating 
laboratories. J Clin Microbiol 23(2):246–250

	35.	 Edson DC, Russell D, Massey LD (2007) Proficiency test-
ing: a guide to maintaining successful performance. Lab Med 
38(3):184–186. https://​doi.​org/​10.​1309/​B0GAE​HHQ76​5RD3V7

	36.	 Augustin JC, Carlier V (2006) Lessons from the organization of a 
proficiency testing program in food microbiology by interlabora-
tory comparison: analytical methods in use, impact of methods on 
bacterial counts and measurement uncertainty of bacterial counts. 
Food Microbiol 23(1):1–38. https://​doi.​org/​10.​1016/j.​fm.​2005.​01.​
010

	37.	 Briggs PaM, D. Overview of a long-lasting proficiency program 
for water testing. In: 5th international proficiency testing confer-
ence, 2015.

	38.	 Earnshaw A, Smith RA, Owen L (2009) How proficiency testing 
can improve the quality of analytical data using vitamin analysis 
as an example. Food Chem 113(3):781–783. https://​doi.​org/​10.​
1016/j.​foodc​hem.​2008.​03.​008

	39.	 Novak RW (2002) Do proficiency testing participants learn from 
their mistakes? Experience from the EXCEL throat culture mod-
ule. Arch Pathol Lab Med 126(2):147–149. https://​doi.​org/​10.​
1043/​0003-​9985(2002)​126%​3c0147:​dptplf%​3e2.0.​co;2

	40.	 Gaunt W, Whetton M (2009) Regular participation in proficiency 
testing provides long term improvements in laboratory perfor-
mance: an assessment of data over time. Accred Qual Assur 
14(8):449–454. https://​doi.​org/​10.​1007/​s00769-​009-​0523-x

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/j.1365-2672.2010.04866.x
https://doi.org/10.1007/s007690000295
https://doi.org/10.1007/s007690000295
https://doi.org/10.1007/s00769-005-0085-5
https://doi.org/10.1007/pl00013515
https://doi.org/10.1128/jcm.02137-16
https://doi.org/10.1128/jcm.02137-16
https://www.fda.gov/safety/recalls/
https://www.fda.gov/safety/recalls/
https://doi.org/10.1177/1040638718823046
https://doi.org/10.1177/1040638718823046
https://doi.org/10.1111/jvp.12058
https://wayback.archive-it.org/7993/20170111174251/http://www.fda.gov/Food/FoodborneIllnessContaminants/ChemicalContaminants/ucm164520.htm
https://wayback.archive-it.org/7993/20170111174251/http://www.fda.gov/Food/FoodborneIllnessContaminants/ChemicalContaminants/ucm164520.htm
https://wayback.archive-it.org/7993/20170111174251/http://www.fda.gov/Food/FoodborneIllnessContaminants/ChemicalContaminants/ucm164520.htm
https://doi.org/10.1021/acs.jafc.7b02280
https://doi.org/10.1021/acs.jafc.7b02280
https://doi.org/10.1111/j.1745-4565.2009.00174.x
https://doi.org/10.1111/j.1745-4565.2009.00174.x
https://doi.org/10.1309/B0GAEHHQ765RD3V7
https://doi.org/10.1016/j.fm.2005.01.010
https://doi.org/10.1016/j.fm.2005.01.010
https://doi.org/10.1016/j.foodchem.2008.03.008
https://doi.org/10.1016/j.foodchem.2008.03.008
https://doi.org/10.1043/0003-9985(2002)126%3c0147:dptplf%3e2.0.co;2
https://doi.org/10.1043/0003-9985(2002)126%3c0147:dptplf%3e2.0.co;2
https://doi.org/10.1007/s00769-009-0523-x

	A review of proficiency exercises offered by the Veterinary Laboratory Investigation and Response Network (Vet-LIRN) and Moffett Proficiency Testing Laboratory from 2012 to 2018
	Abstract
	Introduction
	Material and methods
	Preparation of samples
	Salmonella PT sample preparation

	Listeria PT sample preparation
	Melamine PT sample preparation
	Anticoagulant rodenticides ICE sample preparation
	Homogeneity and stability
	Participation
	Results reporting
	PT evaluation: assigned value by consensus for qualitative data
	PT evaluation: Z-scores for quantitative data
	ICE evaluation


	Results
	Microbiology
	Salmonella PT
	Listeria PT
	Chemistry
	Melamine PT
	Anti-coagulant rodenticides ICE
	False positive and false negative rates for multiple exercises
	Frequency of use
	Accuracy

	Discussion
	Acknowledgements 
	References




