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Introduction

S taphylococcus aureus mastitis continues to be a
costly disease in many dairy herds, despite vigorous

research and extension of current udder health man-
agement programs (1–3). The focus of S. aureus control
programs is on preventing the spread of the organism

from cow to cow (4,5). Monitoring the infection status
of the herd on an ongoing basis is another important
aspect of control. Elimination of existing infections
has proven to be difficult using standard treatment
regimes, unless extensive culling is performed. For
such control programs to be successful, it is essential that
the producer be able to identify S. aureus-infected cows
and quarters reliably. 

Bacteriological culture remains the “gold standard” for
the diagnosis of S. aureus-infected quarters, despite
limitations in the detection of S. aureus infection. The
sensitivity for detecting S. aureus from culture of a
single composite milk sample in subclinically infected
cows is only 58% to 63% (6,7). The low sensitivity is
thought to be due to the dilution effect of milk from
uninfected quarters. The sensitivity for detecting S. aureus
from a single quarter sample increases to only 75%
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Abstract — Staphylococcus aureus mastitis is an important cause of economic loss for the dairy
industry. Control programs rely on the timely and accurate identification of positive quarters.
The effects of sampling time and sample handling were examined in an attempt to improve the accuracy
of detection of S. aureus. Premilking and postmilking milk samples were collected from 55 lactating
quarters with subclinical S. aureus infection. Each sample was divided into 2 aliquots; one of
which was cultured fresh, the other was frozen at -20°C for 14 days before being cultured. Analysis
of variance was used to determine the effect of sampling time (premilking vs postmilking) and 
sample handling (fresh vs frozen) on the detection of S. aureus, as measured by the mean category
for colony-forming units per millilitre (cfu/mL). A stratified analysis was required, due to interaction
between sampling time and sample handling. Only a fresh postmilking sample was inferior,
yielding a lower mean category for cfu/mL (P < 0.05). The ability to detect S. aureus in quarters with
subclinical intramammary infection, as measured by the mean category of cfu/mL, was maxi-
mized in fresh or frozen premilking samples and in frozen postmilking samples.

Résumé — Influence du moment de l’échantillonnage et de la manipulation de l’échantillon
sur la détection de Staphylococcus aureus dans le lait des quartiers présentant une mammite
subclinique. La mammite à Staphylococcus aureus est une importante cause de perte économique
dans l’industrie laitière. Les programmes de contrôle sont basés sur le bon moment et la précision
de l’identification des quartiers positifs. Les effets du moment de l’échantillonnage et de la mani-
pulation de l’échantillon ont été examinés dans le but d’améliorer la précision de la détection de
S. aureus. Des échantillons de lait ont été recueillis avant et après la traite à partir de 55 quartiers 
en lactation présentant une infection subclinique à S. aureus. Chaque échantillon a été divisé en 
2 parties : une a été mise en culture à l’état frais et l’autre a été congelée à -20 °C pendant 14 jours
avant d’être mise en culture. L’analyse de variance a été utilisée afin de déterminer l’influence du
moment de l’échantillonnage (avant ou après la traite) et de la manipulation de l’échantillon (frais
ou congelé) sur la détection de S. aureus, tel que mesuré pour une catégorie moyenne d’unités
formatrices de colonies par millilitre (ufc/mL). Une analyse stratifiée s’est révélée nécessaire à cause
de l’interaction entre le moment de l’échantillonnage et la manipulation de l’échantillon. Seul un
échantillon frais d’après la traite était inférieur, donnant une catégorie moyenne inférieure pour
les ufc/mL (P < 0,05). La capacité de détecter S. aureus dans les quartiers présentant une infec-
tion intramammaire subclinique, tel que mesuré par les catégories moyennes d’ufc/mL, était
maximisée dans les échantillons frais ou congelés prélevés avant la traite et dans les échantillons
congelés prélevés après.

(Traduit par Docteur André Blouin)
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(8). The low sensitivity, regardless of the sampling
method (quarter or composite), is because S. aureus is
often shed in an intermittent or cyclical pattern and in
numbers too low to be detected by conventional culturing
methods (8). The sensitivity of detecting infected quar-
ters can be increased to 94% to 99% if 2 or 3 consecutive
samples are collected over a period of time (8,9).
However, given the additional cost and labor involved,
consecutive sampling may not be utilized in many
investigations of herd-level mastitis. 

Given the limitations of bacteriological culture,
researchers have tried to identify practical methods of
sample collection and handling, in an attempt to increase
the sensitivity of detecting S. aureus in milk samples rou-
tinely submitted to veterinary or bacteriological labo-
ratories. Several studies have examined the impact of
time of sample collection (premilking vs postmilking) or
sample handling (fresh vs frozen samples) on the abil-
ity to detect S. aureus infections, often with conflicting
results (10–15).

The objective of this study was to examine the effects
of both sampling time and sample handling on the
detection of S. aureus in quarters with subclinical intra-
mammary infection.

Materials and methods

Sample collection and handling
In 1997, 4 commercial Holstein herds were selected
purposively for sampling, based on their history of an
ongoing herd problem due to S. aureus infections.
Sample collection occurred at the time of regular milk-
ing and was carried out according to current National
Mastitis Council (NMC) recommendations (16). Quarters
from all lactating cows in each herd were screened,
prior to sample collection, by using the California
Mastitis Test (CMT). A premilking and postmilking
quarter sample was then collected from each quarter with
a CMT score of 2 or 3. California Mastitis Test scores of
2 and 3 are reported to correlate with somatic cell counts
of 800 000 to 5 000 000 and > 5 000 000, respectively
(17). All premilking and postmilking samples were
placed on ice and delivered directly to the Animal Health
Laboratory, University of Guelph. Upon arrival at the lab-
oratory, each premilking and postmilking milk sample
was divided into 2 aliquots: the first was plated fresh for
bacteriological culture, and the second was frozen at 
-20°C for a period of 14 d before being thawed and
plated for bacteriological culture. Thus, 4 different
sample types were plated for bacteriological culture: a
premilking fresh, a premilking frozen, a postmilking
fresh, and a postmilking frozen.

Bacteriological culture techniques
Identification of bacterial colonies was performed in
accordance with standard laboratory milk culture method-
ology (16). Briefly, a calibrated loop was used to plate
0.01 mL of milk from each sample onto trypticase soy
agar (Difco Laboratories, Detroit, Michigan, USA) con-
taining 5% sheep blood. The plates were incubated aer-
obically at 37°C for 48 h. All plates were examined
for bacterial growth at 24 and 48 h. A presumptive

diagnosis of S. aureus was based on colony morphology
and appearance, a positive catalase test, pattern of
hemolysis, and a positive tube coagulase test (16). Up to
50 colonies of S. aureus were recorded. If more than
50 colonies of S. aureus were present, a classification of
“too numerous to count” (TNTC) was recorded. The pres-
ence of other mastitis pathogens was noted. After the
initial plating, the remainder of each milk sample was
incubated at 37°C for 24 h. If no bacterial growth was
observed after 24 h on the initial culture, the incubated
milk sample was replated. The replate was incubated
for a 24 h period at 37°C and the absence or presence of
S. aureus was recorded.

Case definition 
A quarter was defined as truly positive for S. aureus
infection if one or more colonies were cultured from at
least 1 of the 4 sample types collected or from the
replated sample. Therefore, 100% specificity was
assumed for the bacteriological methods. For each pos-
itive quarter, the number of colony-forming units per mil-
lilitre (cfu/mL) of milk from each of the 4 sample types
was recorded in 1 of 7 categories (0, 100–1000,
1100–2000, 2100–3000, 3100–4000, 4100–5000, and
> 5000 = TNTC cfu/mL). 

Statistical analysis
An analysis of variance (ANOVA) (18) was performed
to determine if either of the 2 treatments, sampling
time or sample handling, had an effect on the ability to
detect S. aureus in quarters with subclinical intramam-
mary infection, as measured by the mean category score
for cfu/mL. Because interaction was found to exist
between the 2 treatments, the data was stratified by
the first treatment (sampling time) and reanalyzed,
using ANOVA, to look for the true effect of the second
treatment (sample handling). This process was repeated
by stratifying the data by the second treatment (sample
handling) and then reanalyzing, using ANOVA, to look
for the true effect of the first treatment (sampling time).
The data was also reanalyzed excluding replated sample
results. Quarter within cow and cow were considered
random variables in the models.

Agreement among the various treatments (fresh
premilking vs fresh postmilking, frozen premilking vs
frozen postmilking, fresh premilking vs frozen premilk-
ing, fresh postmilking vs frozen postmilking) was cal-
culated by using the kappa statistic. This was done to
investigate if the various treatments were identifying
the same quarters as being infected with S. aureus. The value
of kappa can fall between 0 and 1, with values near 0 indi-
cating agreement no better than would be expected by
chance, and a value of 1 indicating perfect agreement (19). 

Results
After screening 478 quarters, premilking and post-
milking samples were collected from 98 individual
quarters with a CMT score of 2 or 3. Of these, 55 quar-
ters were identified as culture positive for S. aureus
(see case definition). Forty-six quarters were found on
routine culture and an additional 9 quarters were found
with the replating technique. Replating increased the
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detection of S. aureus-positive quarters by 20%. The fre-
quency distribution of S. aureus-positive quarters by type
of sample and cfu/mL category is shown in Table 1.
Analysis of variance, before stratification by treatment,
revealed that both sampling time and sample han-
dling had an effect on the ability to detect S. aureus in
quarters with subclinical intramammary infection, as
measured by the mean category score for cfu/mL. When
examining the effect of sampling time, it was found
that bacteriological culture of a premilking sample
yielded a significantly higher mean category score for
cfu/mL than did a postmilking sample (Figure 1). When
examining the effect of sample handling, it was found
that bacteriological culture of a frozen sample yielded a
significantly higher mean category score for cfu/mL
than did a fresh sample (Figure 2). 

Due to the interaction between sampling time and
sample handling, it was necessary to stratify by one treat-
ment in order to determine the true effect of the other
treatment (and vice versa). After stratifying by sampling
time, ANOVA showed the following: if a premilking
sample was cultured, there was no significant effect
of sample handling on the mean category score for
cfu/mL of S. aureus. However, if a postmilking sample
was cultured, a frozen sample yielded a significantly
higher mean category score for cfu/mL than did a fresh
sample. By examining the data in a different manner,
stratification by sample handling showed the following:
if a fresh sample was cultured, a premilking sample
yielded a significantly greater mean category score of
cfu/mL of S. aureus than did a postmilking sample.
However, if a frozen sample was cultured, there was no
significant effect of sampling time on the mean cfu/mL
of S. aureus. The data from the stratified analyses are
summarized in Figure 3. Results did not change when
replated data was excluded from the analysis. 

Kappa values calculated for the various treatments
were 0.62, 0.75, 0.75, and 0.70 for fresh premilking
vs fresh postmilking, frozen premilking vs frozen post-
milking, fresh premilking vs frozen premilking, and
fresh postmilking vs frozen postmilking, respectively.

Discussion
The sensitivity of bacteriological culture for the detec-
tion of mastitis infections increases with the number of
cfu/mL in the milk sampled. Thus, any method of sam-
ple collection or handling that increases the number of
cfu/mL of milk should result in improved detection of
S. aureus in quarters with subclinical intramammary
infection. Results of this study indicate that the highest
cfu/mL were counted when either a fresh or a frozen

Figure 1. Effect of sampling time on the mean category score
for cfu/mL.

Figure 2. Effect of sample handling on the mean category score
for cfu/mL.

Figure 3. Effect of sampling time and sample handling on the
mean category score for CFU/mL.

Table 1. Distribution of Staphylococcus aureus positive quarters by type of sample
and cfu/mL (n = 55)

cfu/mL category

Type of sample 0 100–1000 1100–2000 2100–3000 3100–4000 4100–5000 > 5000

Premilking fresh 13 5 7 1 2 2 25
Premilking frozen 14 4 2 3 1 2 29
Postmilking fresh 20 14 4 2 0 0 15
Postmilking frozen 13 6 6 4 1 3 22
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premilking sample or a frozen postmilking sample was
cultured. A fresh postmilking sample yielded the low-
est mean category of colonies counted. A high level
of agreement among treatments indicated that the various
treatments were identifying the same quarters as being
infected with S. aureus.

Previous studies, which have examined the effects
of either sampling time or sample handling, have pro-
duced conflicting results. Sears et al (11) recommended
the collection of a postmilking sample as opposed to a
premilking sample. Results from the study suggested that
postmilking samples are less likely to be contaminated
because teats and teat canals are washed during the
milking process (11). With appropriate training of
sampling personnel and careful attention to the sam-
pling procedure used (NMC recommendations), the
authors of the current study found very few contaminated
samples among either the premilking or the postmilking
samples. 

In advance of completing the current study, the
authors believed that sampling at postmilking would
improve the ability to detect S. aureus intramammary
infections. Evidence exists to support the theory that
S. aureus may concentrate in the upper portion of the
udder where they are bound to S. aureus-specific IgA,
which is itself bound to the membranes of fat globules
(20). Since a postmilking sample has a considerably
higher fat content than that of a premilking sample
(20), it seemed plausible that a greater concentration of
organisms would be recovered in a postmilking sample.
Thus, it was thought that the sensitivity for detection of
a S. aureus-infected quarter would be increased if a
postmilking sample was collected. Based on the results
of this study, the hypothesis was rejected. 

A number of studies have investigated the effect of
freezing on the bacteriological culturing of S. aureus and
other mastitis causing pathogens from milk samples. It
has been postulated that the freezing process may rup-
ture milk macrophages and neutrophils, releasing phago-
cytized bacteria. It has also been suggested that freezing
may disrupt bacterial cell aggregates. With either sce-
nario, the number of cfu/mL should increase, thereby
improving the sensitivity of microbiological culture (14).

The results of this study suggest that the freezing of
postmilking samples increases the sensitivity of detec-
tion of S. aureus, as compared with the use of fresh post-
milking samples. However, this study did not observe a
similar positive effect of freezing in premilking samples,
when compared with fresh premilking samples. One
possible explanation for this apparent discrepancy is in
the way that the cfu/mL were counted and categorized.
The authors were unable to count above 5000 cfu/mL. As
such, this study would be unable to measure a difference
in cfu/mL among treatments if both the sample types
being compared yielded more than 5000 cfu/mL, which
therefore diminished the power to discern a treatment
effect. For any fresh samples that already had greater than
5000 cfu/mL (22 samples), no positive effect of freezing
would be detectable, even if it did truly exist. 

Based on the results of this trial, a second investigation
into sampling time and sample handling using com-
posite milk samples may be indicated. Composite sam-
ples are more economical and are used more frequently

in whole herd screenings than are quarter samples. As
mentioned earlier, the sensitivity of a composite sample
is much lower than that of a quarter sample. However,
a 1991 study of 3 S. aureus-positive herds reported
that 86% to 90% of the cows classified positive by
quarter sampling were positive by composite sampling
(21). The effects of freezing on macrophages, neutrophils,
and bacterial aggregates should also be the same,
whether composite or quarter samples are collected. 

This study examined the effects of sampling time
and sample handling on the ability to detect S. aureus,
as measured by the mean category score of cfu/mL.
Methods such as consecutive sampling, increasing the
inoculum volume plated, and replating are alternative
ways to increase the sensitivity of detection of S. aureus
by increasing the cfu/mL (9,16,22). A 1997 study com-
pared the frequency of detection of S. aureus from
direct culture of quarter milk samples with that of cen-
trifugation and sedimentation of quarter milk samples
(23). This procedure was found to increase the detection
of S. aureus-positive quarters by 86.6% (range 5% to
145.5%), compared with the direct culture method (23).
Strategic use of these methods in combination with
the results found in this study could further improve the
sensitivity of detection for S. aureus intramammary
infections in dairy herds. Proper sampling procedures
must continue to play a major role when collecting
samples for bacteriological culture of mastitis causing
pathogens.
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CA DILATE LA RATE!THE FUNNY FILE

limp, dead rabbit, bends down, and
sprays the contents onto the rabbit.
The rabbit jumps up, waves its paw at
the two of them, and hops off down
the road. 

Ten feet away the rabbit stops, turns
around, and waves again; he hops
down the road another 10 feet, turns,
and waves; hops another 10 feet, turns
and waves; and then repeats this again
and again and again, until he hops
out of sight.

The man is astonished. He runs
over to the woman and demands,
“What is in that can? What did you
spray on that rabbit?” The woman

turns the can around so that the man can read the
label.

It says... “Hair spray — Restores life to dead hair,
adds permanent wave.”

Subject: rabbit 

Aman is driving along a highway
and sees a rabbit jump out across

the middle of the road. He swerves to
avoid hitting it, but unfortunately the
rabbit jumps right in front of the car.

The driver, a sensitive man as well
as an animal lover, pulls over and
gets out to see what has become of the
rabbit. Much to his dismay, the rabbit
is dead. The driver feels so awful that
he begins to cry.

A beautiful blonde woman driving
down the highway sees a man crying
on the side of the road and pulls over.
She steps out of the car and asks the
man what’s wrong. “I feel terrible,” he explains, “I acci-
dentally hit this rabbit and killed it.” 

The blonde says, “don’t worry.” She runs to her
car and pulls out a spray can. She walks over to the

Allez! Faites-moi rire! Envoyez vos textes à Kimberley
Allen-McGill, directrice de la rédaction, La Revue
vétérinaire canadienne, 339, rue Booth, Ottawa (Ontario)
K1R 7K1; courriel : <kallen@cvma-acmv.org>. 

Come on ... I dare ya ... Make me laugh. Submissions to:
Kimberley Allen-McGill, Managing editor, The Canadian
Veterinary Journal, 339 Booth Street, Ottawa, Ontario
K1R 7K1; e-mail: kallen@cvma-acmv.org.

(Submitted by Dr. Dennis Guenther, Red Deer, Alberta) 


