Reliability of three bulk-tank antimicrobial residue
detection assays used to test individual milk
samples from cows with mild clinical mastitis
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Objective—To determine the likelihood of false-posi-
tive results when testing milk samples from individual
cows by use of 3 commercially available assays
(Penzyme Milk Test and the SNAP B-lactamand Delvo-
SP assays) labeled for use with commingled milk.

Sample Population—Milk samples from 111 cows
with mild clinical mastitis.

Procedure—Cows were randomly assigned to the
control (no antimicrobials) or intramammary treat-
ment group. Posttreatment milk samples were col-
lected at the first milking after the labeled withholding
period or an equivalent time for controls, randomly
ordered, and tested twice by use of each assay and
once by use of high-performance liquid chromatogra-
phy. Sensitivity, specificity, and positive and negative
predictive values were determined for each assay.
Concordance of results for the same sample was
assessed for each assay by calculating k.

Results—Sensitivities of the Delvo-SP and SNAP -
lactam assays were > 90%, whereas the sensitivity
of the Penzyme Milk Test was 60%. Positive predic-
tive values (range, 39.29 to 73.68%) were poor for all
3 assays. Concordance of test results was excellent
for the SNAP B-lactam and Delvo-SP assays (k =
0.846 and 0.813, respectively) but was less for the
Penzyme Milk Test (k = 0.545).

Conclusions and Clinical Relevance—Because of
the low positive predictive values, these 3 assays may
not be useful for detecting violative antimicrobial
residues in individual milk samples from cows treated
for mild clinical mastitis. However, repeatability of
each assay was considered good to excellent. (Am J
Vet Res 2001,62:1716-1720)

Dairy farmers, veterinarians, dairy manufacturers,
and researchers believe it is highly desirable to
have at least 1 quick and reliable test for the detection
of antimicrobials in milk. Prior to the approval of new
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drugs for use in lactating cows, pharmaceutical com-
panies must demonstrate that an assay or method
exists for detection of their drug in marketable milk;
however, these tests are typically applied to commin-
gled milk from a group or herd of cows. The ability to
test milk samples from individual cows for residues is
essential for the determination of labeled withholding
periods. Fortunately, there are FDA-approved medica-
tions with withholding periods for treatment of masti-
tis, the most common disease in cows. However,
results of earlier studies' indicate that farmers depend
more on residue testing than labeled withholding peri-
ods when deciding to withhold milk from a treated
cow. The practice of testing individual cow milk sam-
ples off- or on-site is widespread and promoted by the
dairy industry. Because there are no rapid assays
intended for testing milk from individual cows, it has
become commonplace to use approved commingled
milk testing assays for this purpose.

Results of numerous studies™ indicate that current
assays used for on-farm testing of milk from individual
cows for drug residues often yield false-positive results.
Thus, caution is warranted in the use of these assays.
Although the specificity and sensitivity of these assays
have been established for testing commingled milk
under controlled laboratory conditions, it is not known
whether results are accurate under field conditions. To
date, no studies have validated the use of such tests for
assessing individual cows’ milk. Michigan dairy farmers
and milk-handlers most commonly use 3 commercially
available tests designed for assessing commingled milk
to test individual milk samples for antimicrobial
residues. We hypothesized that these assays would yield
10% false-positive results when used for testing milk
from cows that were treated for mild clinical mastitis.
To test this hypothesis, we included only cows with nat-
urally occurring mastitis, randomized mastitis treat-
ment, excluded cows treated with antimicrobials in an
extralabel manner, and used quantitative gold standards
to evaluate assay reliability. The objective of the study
reported here was to determine the likelihood of false-
positive results when testing milk samples from indi-
vidual cows by use of 3 commercially available assays
labeled for use with commingled milk.

Materials and Methods

Study design—A longitudinal experimental study of
cows with mild clinical mastitis was conducted to evaluate
the reliability of 3 commercially available tests (the Penzyme
Milk Test" and the SNAP B-lactam” and Delvo-SP¢ assays)
when used to assess individual cow milk samples for antimi-
crobial residues.
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Sample size required for estimating a single proportion
(ie, false-positive results/all results) is less than that required
for evaluating potential associations with risk factors. By esti-
mating that 10% of the tests would yield a positive result and
allowing a 5% margin of error (o = 0.05), the required sam-
ple size for estimating the likelihood of false-positive results
was 138 tests. A test was defined as 1 analysis of each post-
treatment sample by use of each assay.

Case definition—A case of mild clinical mastitis was
defined as a cow with visibly abnormal milk from an affected
quarter; an affected quarter may have been enlarged or red-
dened. Cows were specifically excluded from the study if they
had received antimicrobial treatment for any reason within
the 30 days preceding entry to the study, were previously
entered in the study (a repeat case), had a concurrent illness
requiring antimicrobial treatment, or had severe mastitis that
required systemic administration (IV, IM, or SQ) of antimi-
crobials. Dairy farmers or veterinarians initially identified
affected cows. Eight farms participated in the study. Of 111
cows initially enrolled in the study, 92 remained through the
posttreatment sample collection (83% case retention rate).

Treatment groups—After diagnosing mild clinical mas-
titis and collecting the pretreatment milk sample, the dairy
farmer entered the cow’s identification number in chronolog-
ic sequence on the provided data sheet on which the ran-
domly assigned treatment group was indicated. Forty five of
the 92 cows (48.9%) remaining in the study were assigned to
the treatment group, whereas 47 (51.1%) were assigned to
the control group. Cows assigned to the antimicrobial treat-
ment group were treated according to label directions with an
FDA-approved intramammary (IMM) antimicrobial therapy
selected by either the producer or veterinarian. Twenty-six
(57.8%) received pirlimycin, 9 (20%) received hetacillin, and
10 (22.2%) received cephapirin. Secondary nonantimicrobial
medications (eg, oxytocin, flunixin meglumine) were also
administered to some cows. Cows assigned to the control
treatment group received either no treatment, nonantimicro-
bial medications, or an IMM infusion with saline (0.9%
NaCl) solution.

Sample collection—Two samples (pre- and posttreat-
ment) were collected from each cow by the dairy farmer. The
pretreatment sample was collected after mastitis was diag-
nosed but before treatment was initiated. For cows in the
antimicrobial treatment group, the posttreatment sample was
collected the first time cows were milked following comple-
tion of the labeled withholding period. The timing for col-
lection of the posttreatment sample from a cow in the control
group was determined by using the same withholding period
as the most recently treated cow. Administration of drugs
other than antimicrobials may have required a variety of
actual withholding periods prior to shipment of milk from
the farm. Producers observed these recommended withhold-
ing periods and instructions prior to including milk in the
bulk tank.

Before collection of samples, foremilk from each quarter
was discarded. An 80-ml composite milk sample comprising
approximately 20 ml of milk from each quarter was then col-
lected by hand and stored at 8 C. Samples were retrieved and
transferred to the laboratory within 4 to 48 hours of collec-
tion. In the laboratory, four 5- to 8-ml aliquots were trans-
ferred to plastic vials and stored at =70 C for antimicrobial
residue analyses. We believed the use of —70 C instead of
refrigeration or —10 C to store these aliquots would reduce
the risk of antimicrobial degradation.’

Antimicrobial residue analyses—Milk samples were
thawed in an ice-water bath and vortexed briefly.
Approximately every 3 months, pretreatment samples were

randomly ordered in batches and tested once with each assay.
Likewise, each posttreatment sample was randomized twice
and tested twice. Thus, to yield the sample size necessary to
estimate the likelihood of false-positive results, we ran at
least 138 tests for each assay with posttreatment samples.
Except for the use of individual and thawed milk samples,
the 3 commercial assays were performed according to each
manufacturers recommendations. Each assay qualitatively
detects antimicrobial residues by use of a different mecha-
nism.* The Delvo-SP assay assesses microbial growth inhibi-
tion, whereas the SNAP B-lactam assay identifies antimicro-
bials by use of enzyme-linked receptor binding and the
Penzyme Milk Test by use of an enzymatic colorimetric tech-
nique. The same person (SNGB) visually interpreted assay
results while blinded to treatment group.

Antimicrobial residues were also measured once in each
sample by use of high-performance liquid chromatography
(HPLC). As suggested by results of several previous studies,
#1HPLC is the gold standard to identify and quantify antimi-
crobial residues in milk samples. The specific extraction and
detection methods have been described."* By comparing the
concentration of each antimicrobial determined by use of
HPLC with the FDA-tolerance level and assay detection lim-
its (Appendix), we were able to determine whether each
assay should have detected the residue and whether a given
residue was considered violative (ie, greater than the FDA-
tolerance level). Because the SNAP [-lactam assay and
Penzyme Milk Test are not indicated for the detection of pir-
limycin, if a sample containing pirlimycin residues yielded
positive results by use of either of these assays, we considered
these false-positive results.

Statistical analyses—The reliability of each of the
residue detection assays was expressed in terms of sensitivi-
ty, specificity, positive predictive value (PPV), and negative
predictive value (NPV), using the following equations:

Sensitivity = (No. of positive results by use of both HPLC and
assay/No. of positive results by use of HPLC) X 100

Specificity = (No. of negative results by use of both HPLC and
assay/No. of negative results by use of HPLC) X 100

PPV = (No. of positive results by use of both HPLC and assay/ No.
of positive results by use of assay) X 100

NPV = (No. of negative results by use of both HPLC and assay/ No.
of negative results by use of assay) X 100

Reliability statistics were calculated first by use of the
specific assay’s detection limits and then by use of FDA-
established tolerance levels for each of the antimicrobials.

Concordance of results of the first and second tests for
the posttreatment samples was assessed by calculating « for
each of the 3 commercial assays, using the formula™:

k= (P,-P)/(1-P,)

where P, = the observed probability of concordance between
2 tests and P, = the expected probability of concordance
between 2 tests.

Results

None of the pretreatment samples were found to
have antimicrobial residues that would have hindered
the interpretation of posttreatment assay results. We
were unable to interpret the posttreatment assay results
for samples from 3 cows. In addition, occasionally a
milk sample would produce no visual result on a given
assay; these tests were not included in the evaluation of
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HPLC
+ -
+ 28 10 38
Delvo-SP assay
- 3 136 139
31 146 177
HPLC
+ 6 4 10
Penzyme milk
test - 4 161 165
10 165 175
HPLC
+ -
+ 11 17 28
SNAP [B-lactam
assay - 1 139 140
12 156 168

HPLC
+ -
+ 11 25 36
Delvo-SP assay
- 1 138 139
12 163 175
HPLC
+ 5 4 9
Penzyme milk
test - 3 161 164
8 165 173
HPLC
+ -
+ 5 19 24
SNAP B-lactam
assay - 1 139 140
6 158 164

Figure 1—2 X 2 charts comparing results of 3 commercial
assays for detection of antimicrobial residues (ampicillin,
cephapirin, or pirlimycin) in individual milk samples with results
of high-performance liquid chromatography (HPLC). A positive
result was defined as a concentration greater than or equal to
the detection limit of each assay.

Figure 2—2 X 2 charts comparing results of 3 commercial
assays for detection of antimicrobial residues (ampicillin,
cephapirin, or pirlimycin) in individual milk samples with results
of HPLC. A positive result was defined as a concentration
gregtezlr than the FDA-established tolerance level for each antimi-
crobial.

Table 1—Characteristics of 3 commercially available assays for detection of antimicrobial residues at

greater than or equal to the minimum detection limit of each assay in individual milk samples

Assay (No. of tests¥) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

SNAP B-lactam (168)
Penzyme (175)
Delvo-SP (177)

91.67 (61.52-99.79)
60.0 (26.24-87.84)
90.32 (74.25-97.96)

89.10 (83.12-93.52)
97.58 (93.91-99.34)
93.15 (87.76-96.67)

39.29 (21.50-59.42)
60.0 (26.24-87.84)
73.68 (56.90-86.60)

99.29 (96.08-99.98)
97.58 (93.91-99.34)
97.84 (93.82-99.55)

Data are reported as proportion (95% confidence interval).
*Test was defined as 1 analysis of each sample by use of each assay; samples were analyzed in duplicate.

PPV = Positive predictive value. NPV = Negative predictive value.

each assay. Consequently, of the potential 178 tests per-
formed for each assay, results of 175, 168, and 177
were analyzed for evaluation of the Penzyme Milk Test
and SNAP B-lactam and Delvo-SP assays, respectively.

Results of assays were evaluated, using both the
detection limit of each assay and FDA-tolerance levels.
Determination of the frequency distributions for these
results indicated a low number of positive results
regardless of assay used (Fig 1 and 2). Milk samples
from 23 cows had concentrations of antimicrobial
residues that were detectable by at least 1 of the com-

mercial assays (Table 1). However, samples for only 6
of those 23 cows had violative concentrations. The sen-
sitivities of the Penzyme Milk Test and SNAP B-lactam
and Delvo-SP assays were 62.5, 83.33, and 91.67%,
respectively, for detection of samples containing viola-
tive residues (Table 2).

Concordance of results of duplicate tests run on
the same posttreatment samples was excellent for the
SNAP B-lactam (kx = 0.846) and Delvo-SP (kx = 0.813)
assays. Concordance was good for results of the
Penzyme Milk Test (x = 0.545).
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Table 2—Characteristics of 3 commercially available assays for detection of antimicrobial residues at
greater than the FDA-established tolerance level in individual milk samples

Assay (No. of tests*) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

SNAP B-lactam (164) 83.33 (35.88-99.58) 87.97 (81.86-92.60) 20.83 (7.13-42.15) 99.29 (96.08-99.98)
Penzyme (173) 62.5 (24.49-91.48) 97.58 (93.91-99.34) 55.56 (21.20-86.30) 98.17 (94.74-99.62)
Delvo-SP (175) 91.67 (61.52-99.79) 84.66 (78.20-89.82) 30.56 (16.35-48.11) 99.28 (96.06-99.98)

See Table 1 for key.

Discussion

Unlike the protocol used in some earlier stud-
ies,”!"* this study was designed to simulate the collec-
tion of milk for residue testing as commonly performed
on farms. Samples were collected from cows treated for
mastitis; samples were not spiked with known quanti-
ties of antimicrobials. Instead, milk from these affected
cows had been withheld from the bulk tank as a result
of treatment with antimicrobials, and posttreatment
samples were only collected after appropriate with-
holding periods were observed. As a consequence of
the present study’s design, only farms with managers or
owners willing and capable of following the study pro-
tocol were included. These farms had a low incidence
of mild clinical mastitis, thus limiting the number of
accessible cases. However, we were able to collect
enough samples to achieve the minimum sample size
necessary to provide adequate precision in the calcula-
tion of reliability statistics.

Pretreatment milk samples were also collected, but
testing of these samples was done only to ensure the
absence of residues that could interfere with interpreta-
tion of the posttreatment test results. Because clinical
mastitis was initially diagnosed in all cows entered in
the study, and because abnormal milk is a contraindica-
tion for use of the Penzyme Milk Test or Delvo-SP assay,
it was inappropriate to use pretreatment test results to
evaluate assay reliability. In addition, it is rare that milk
is tested on-site for residues prior to treatment. By
blindly testing the posttreatment samples twice and
comparing results between tests by use of the x statis-
tic, we found strong evidence that outcome repeatabili-
ty was good to excellent for all 3 assays. This finding is
consistent with the report of a discussion forum, in
which the use of 2 assays in series was recommended
rather than simply repeating the same assay on samples
that yielded presumptive positive results. However, in
the present study, the assays could not be evaluated in
series, because each assay detected different antimicro-
bials with different detection limits. Interpretation of
results of such assays performed in series may be diffi-
cult. This was particularly evident in that only the
Delvo-SP assay was reported to detect pirlimycin
residues. As recommended by the discussion forum," it
would be most beneficial to use a sensitive assay initial-
ly, followed by a specific second assay for those samples
with positive results. The 3 assays we evaluated had
similar detection limits for ampicillin and cephapirin
and, thus, provided little improvement of specificity to
distinguish false-positive results.

Sensitivities were similar between the SNAP B-lac-
tam and Delvo-SP assays. The Penzyme Milk Test
yielded more false-negative results, which, combined
with a low prevalence of detectable residues, had a pro-

found effect on sensitivity. Specificities were compara-
ble among assays. Predictive values are better indica-
tors of what a dairy farmer may encounter when decid-
ing to discard or sell the milk from a tested cow. The
PPV is the likelihood that a positive assay result truly
identifies a sample with an antimicrobial residue con-
centration greater than or equal to the detection limit
of the assay or greater than the FDA-established toler-
ance level. Each of the assays we evaluated had PPV
less than expected given the good specificities. This
may have been a result of the low prevalence of
detectable residues in the sample population. The PPV
of the SNAP B-lactam assay was low, which may have
been attributable in part to an undocumented cross-
reactivity with pirlimycin residues. Six of the 17 false-
positive results were recorded for samples with pir-
limycin residues detected by use of HPLC. We propose
that the enzyme conjugate of the B-lactam assay may
bind not only B-lactams but also pirlimycin. If the
assay had been labeled for detection of pirlimycin
residues, PPV would have increased from 39 to 61%.
Other potential factors for false-positive or -negative
results, such as treatment received, were considered.
Negative predictive values for each assay were excel-
lent, because false-negative results were rare. Users of
these assays should feel confident in a negative result if
the appropriate assay is performed to test for residues
of the administered antimicrobial agent.

We found that 6 of the 45 cows treated with an
approved antimicrobial according to label directions
had violative antimicrobial residues even after the
withholding period was observed. However, the FDA-
established tolerance levels are set for commingled or
bulk-tank milk samples; milk from an individual cow
would be diluted in such samples. Because these assays
only measure residues qualitatively, the exact concen-
tration of antimicrobials in milk cannot be determined
from a positive assay result. The conservative approach
for handling an individual milk sample that yields a
positive result by use of 1 of the 3 assays evaluated in
the present study is to discard the milk and retest at a
later time. However, if we had followed this practice,
milk from 17 cows may have been unnecessarily dis-
carded. Because of the low PPV of these assays and
because prevalence of violative antimicrobial residues
may be low in a given population of cows, the useful-
ness of any of these 3 assays in deciding the fate of milk
from individual cows receiving treatment for mastitis is
highly questionable, particularly if a producer wishes
to minimize the quantity of milk discarded unneces-
sarily.

‘Penzyme milk test, Cultor Food Science Group, New York, NY.
"SNAP B-lactam assay, IDEXX Laboratories Inc, Westbrook, Me.
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‘Delvo-SP assay, Gist Brocades Food Ingredients Inc, Menomonee
Falls, Wis.

‘Walker R, Microbiology Laboratory, Animal Health Diagnostic
Laboratory, Michigan State University, East Lansing, Mich:
Personal communication, 1997.

‘Gibbons-Burgener SN. Identification and quantification of ampi-
cillin, cephapirin and pirlimycin in cows’ milk using high perfor-
mance liquid chromatography and fluorescence detection. In: An
epidemiological study of antimicrobial residues detected in Michigan
cows’ milk. PhD dissertation, Department of Large Animal Clinical
Sciences, College of Veterinary Medicine, Michigan State
University, East Lansing, Mich, 2000.

Appendix

Tolerance levels established by the FDA for specific antimicro-
bials in marketable milk and visual minimum detection limits of
3 commercial assays designed to measure antimicrobial
residues in commingled milk samples

Variable Ampicillin’ Cephapirin Pirlimycin
Tolerance level (ppb) 10 20 400
Detection limit (pph)
SNAP B-lactam 4-6 2 NA
Penzyme 4-6 4-8 NA
Delvo-SP 4 5 50-200
*Ampicillin is the immediate product of hetacillin metabolism.
ppb = Parts per billion. NA = Not available.
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