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INTRODUCTION

Bacteriological analysis of quarter milk samples is an important step
in the diagnosis of infectious mastitis. Recommended procedures for bacte-
riological assay involve aseptic sampling, proper handling and storage fol-
Towed by plating on one or more kinds of agar (1, 19). Identification of
microorganisms involves further steps (19). However, failure to recover
nathogenic microorganisms from clinical cases is not uncommon (10, 14, 17,
20). Reasons for this could be: a) no infection present at time of sampling
(14), b) post-sampling destruction of microorganisms by leucocytic action
(37), c) error due to plating small volumes from a milk sample with a Tow
bacteria count (19, 20), d) presence of potentially viable bacteria entrapped
inside the leucocytes and not recovered by usual procedures. Although the
polymorphonuclear Teucocyte (PMN) is an important mammary defense mechanism
against infection (32, 33), its action is known to be impaired in milk with
respect to both ingestion and killing of bacteria, as reviewed by Paape (25,
32, 33). This has been attributed to one or more of the fellowing factors:
ingestion of fat (26, 27, 30, 31), ingestion of casein (31, 34, 35), casein
coating (35), Tack of enerqy (18, 21, 22), presence of cream (9), lack of
opsonins (21, 22}, inability to lower the pH of phagocytic vacuole (25, 33)
and stress (28). However, some authors do not consider lack of opsonins (35)
or stress (11) to be factors depressing PMN phagocytic activity.

Our hypothesis was that some bacteria not recovered by standard plating
techniques might have been ingested but not destroyed by the PMNs. Therefore
the use of a PMN disruptive procedure not affecting bacteria viability could
give more reliable plating results.

Cellular disruptive techniques have been used extensively in studying



PMN activity. They involve the use of lysis, either by hypertonic (23,24} or
hypotonic solutions (9, 15, 34, 39), freeze-thaw cycle (44) and sconication
(4, 11, 12, 26, 30, 42, 43). In all the foregoing cases release of phagocy-
tosed bacteria was achieved. However, no reports were found that indicated
the use of disruptive procedures in routine bacteriological assays. Blending
by an instrument called the stomacher is an easy to use method to extract
bacteria from food and other products (36); although no reference has been
found on the effect of the stomacher on somatic cell disruption, ité poten-
tial was considered worthy of evaluation.

In the agar plate method bacteria are counted as colony forming units
(1, 8). Since each colony could have originated from a single cell or a
group of cells {ciump, chain), counts are only an estimate (8) and often are
Tower than actual counts. In view of this, the possibility that one or more
PMN disruptive procedures might disperse bacterial aggregates could Tead to
more accurate plate counts. Sonication has been used to disperse staphylo-
cocci clumps (9, 26, 42) with a resultant almost twofold increase in viable
cell counts (42),

The purposes of our study were: 1) to find a suitable minimum time-ex-
pense method to disrupt mammary PMNs without decreasing bacteria viability;
and 2) to test the quantitative effect of that procedure on recovery of

mammary bacteria.
MATERIALS AND METHODS

A) Preliminary observations on somatic cell disruptive procedures.

Stomacher blending, sonication and lysis were the cellular disruptive

procedures selected for preliminary testing. Somatic cell disruption was



measured by comparing pre and post treatment Electronic Somatic Cell Counts
(ESCC)] and confirmed by microscopic observation of smears stained with
Wright's stain. Pre and post treatment viable cell counts (VCC) (1) were
compared for stomacher blending and sonication procedures to determine effect
on bacteria viability.

Clinically mastitic quarters were considered to be a suitable source of
high somatic cell count milk for observing effects of disruptive procedures.
Therefore, mastitic cows in the Kansas State University herd that had not
received antibiotic treatment four days prior to sampling were used. A Cali-
fornia Mastitis Test (CMT) was performed on all samples upon arrival in the
laboratory. Those samples showing a CMT score of 3 and not excessively flaky
were selected for procedural observations. Samples used for sonication and

stomacher blending were inoculated with Staphylococcus aureus strain $-6

(courtesy of Dr. Daniel Y. C. Fung, Animal Sci. Department, Kansas State
University), to assure presence of bacteria for viability observations.

For stomacher blending observations, each milk sample was divided into
80 ml sub-samples, placed in 400 ml sterile polyethylene bags and subse-
quently blended in a Stomacher Lab-Blender 400° for 0, 1, 2, 4, or 8 minutes.
tffects of stomaching on ESCC and VCC are presented in Table 1. This method

was not effective in disrupting somatic cells, post treatment ESCC values

1.~ Performed at DHIA laboratory on a Fossomatic cell counter (A/S N. Foss
Electric, DK-3400 Hillerdd, Denmark).

2.~ Diff-Quik, (Manufactured by Dade Diagnostic, Inc., Aguada, Puerto Rico
00602},

3.- Seward Laboratory. (A member of the Medical Division of UAC Interna-

tional Limited, London, England}.



being only slightly negative or positive. Moreover, these small di%ferences
in ESCC could have been the result of sampling error rather than treatment.
Microscopic observations confirmed failure of disruption. To extend stomacher
treatment time beyond 8 minutes was thought impractical, thus no further
attempts were made.

For sonication observations, each milk sample was divided into 75 ml
sub-samples and sonicated for one minute at 0 (no treatment), 10, 20, 40,
60, 80, 90, or 100 setting with a Eronwill Biosonik II sonicafor1,.a11
settings represent percent of maximum instrument output. Ultrasound proved
practical and effective in somatic cell disrupticn as shown in Table 1 and
corroborated by microscopic observation. Somatic cell disruption increased
with increasing power settings and more than 80% of the cells were disrupted
by the 80 setting. Microscopic observations verified these findings. At
settings above 80 few recognizable cells were found in the stained smears.
Viable cell counts consistently increased with increasing power indicating
bacterial viability was not destroyed. Time required for sonication was
estimated to be 3 minutes per sample.

Two different apprcaches were attempted for disruption with lysis, a
hypotonic (lysis-1) and a hypertonic (lysis-2) approach. Lysis-1 was per-
formed according to Russell et al. (34), except that Targer volumes were
used. Two ml of milk sample and 98 ml of distilled water were vigorously
shaken for one minute. In lysis-2 a 70 ml sample ccnsisting of equal parts
milk sample and 30 % NaCl solution were shaken with glass beads for one
minute (24). The lysis procedures were quickly recognized as an undesirable

method. It was tedious, unsuitable for ESCC and complicated VCC procedures.

1.- Frequency of ultrasonic output: 20 Kcps + 400 cps



Thus it was promptly discarded.
Based on the results obtained in this preliminary work, sonication at

90 % power setting was adopted as standard method for further study.

B} Effect of sonication on somatic cell and bacteria counts in milk.

a) Sampling.

Representative milk samples with ESCCs ranging from normal, for healthy
mammary quarters, to those expected from subclinically mastitic quarters,
were used for testing sonication effects. CMT scores of 1 and 2 were consid-
ered appropriate for samp?é selection.

The Kansas State University dairy herd was used. One hundred and fifty
ml milk samples were aseptically (19) collected from quarters with CMT scores
of 1 or 2 from cows that had not received antibiotic treatment in the last
four days. Samples were refrigerated within two hours after collection.

b) Sonication.

Samples were thoroughly mixed in sterile Erlenmeyer flasks prior to
division into 75 ml sub-samples, one for control observations, stored at
59C until plating. The second sub-sample was poured into a sterile 150 mi

1 at a

plastic beaker and sonicated with a Bronwill Bicsonik II sonicator
power setting of 90 for one minute. Between samples the probe was rinsed
with distilled water, dried with paper tissue and sterilized with a sterile
cotton ball soaked with absolute ethanol.

c) Plating.

Two types of media were used, Standard Plate Count (SPC) agar for

general recovery of bacteria (1), and Mannitol Salt (MS) agar for recovery

1.- Standard %" titanium tip probe.



of mannitol fermentative staphylococci (6, 29, 40, 41). Counts were made and
recorded according to Standard Methods for the Examination of Dairy Preducts
(1). Representative mannitol fermentative colonies were Gram stained and

subjected to coagulase test to determine presence of Staphylococcus aureus

and/or mannitol fermentative-coagulase negative staphylococci.

d) Somatic cell count.

Duplicate aliquots were taken for electronic somatic cell count (ESCC)
using the Fossomatic cell counter (13). Data were recorded and grouped in
three categories as follows: A) < 3 X 105 cells/ml, presumed healthy;

B) > 3 x 105 and < 2 x 10° cells/ml, subclinical; C) > 8 x 10° cells/ml,
subcTinical with high SCC.

e) Analysis of data (38).

Data were analyzed according to the following model

Y... = + o, ¥ 8.. +F €.,
ijk T B 813 E13k

where:
u: Population mean.
aj: Scmatic cell count group affect. Three levels of somatic cells were

used: A) less than 3 x 10° cells per ml,

5

B) between 3 x 105 and 8 x 10” cells per ml,

C) more than 8 x 105 cells per ml.
Bij¢ Cow within somatic cell count group effect.
£fik’ Random error.

Yisk = Di3k(1) 7 *igk(2)?
Xi3k(1) = The kth sample from the jth cow of the ith somatic cell aroup

that was sonicated,

th th

= The kth sample from the j~' cow of the i somatic cell group

*13k(2)
that was not sonicated.



Note:
Yijk: a ) Viable cell count, where Y = X(1) = x ()} » and x is

expressed as log {actual count + 1},

b) Mannitol fermentative staphylococci count, where Y = {x(]) -
- x(z)}, and x is expressed as Tog {actual count + 13},

{X(Z) - x(])}
c) Somatic cell count and Y = x 100
*(2)

The analysis of variance and results for the above model are shown in

the following table,

Source of variance d.f. Mean squares Expected means

Somatic cell count

2 2
gY‘OUPS 2 MSSCC a + 14710 C(SCC)+QSCC
) 2
Cow within SCC group 92 MSe (sce) o2 + 1,3176‘-6(3%)
. 2
Residual 31 MSE g

LSD multiple range test followed an F test for the SCC means.



TABLE 1.- Effect of stomaching, sonication and lysis on electronic somatic

cell and viable cell counts.

Experimental Escc? vee (difference from control)
method (% change) 1og® means geometric means
Stomaching
Zd + 4.56 + 0.06 1.15
4 + B33 + 0.14 1.38
8 - 1.36 10 30 2.00
Sonication
108 - 0.24 + 0.08 1.20
20 - 0.16 + 0.05 1.12
40 - 12.50 + 0.17 1.48
60 - 53.99 + 0.42 2.63
80 - 85.76 + 0.55 3.55
90 - 93.60 + 0.69 4.90
100 - 96.36 + 0.77 5.89
Lysis
lysis-1 + 100.00 nd nd
Tysis-2 + 15.64 nd nd
a.- Electronic somatic cell count.
b.- Viable cell count.
c.- Expressed as difference of logarithms of actual counts.
d.- Minutes.
e.- Percent of maximum power for a Biosonik II sonicator.



RESULTS AND DISCUSSION

Preliminary work using stomacher blending, lysis and ultrasound proce-
dures to disrupt somatic cells in milk without decreasing bacteria viability
showed ultrasound to be the most suitabie method. Therefore, sonication treat-
ment was selected for investigation of effect on viable cell count and somatic
cell disruption when applied to milk samples containing a wide range of
somatic cells.

The effect of ultrasound on somatic cell disruption is shown in Table 2.
Somatic cell disruption was effective for all somatic cell count (SCC} groups
averaging 74.7 % cell disruption. Percent of somatic cell disruption tended
to increase as the somatic cell content of milk increased. Percent disruption

(66.83 %) for group A (< 3 x 105

cells/m1) was significantly different from
groups B (79.02 %) and C (85.21 %). However, groups B and C did not differ.
The increase in SCC disruption with increasing somatic cell count could be
due to a higher probability of cellular material moving into the ultrasound
effact-zone when cell concentrations increase (5). This may also explain in
part why average values in somatic cell disruption for any of the three SCC
grouns were lower than the values attained in the preliminary work (93.60 %),
since the preliminary work involved only milk samples with high somatic cell
content (» 2 x 106 cells/ml). Additional variability in cellular disruption
was explained by significant differences due to cow effect (p < 0.01) as
seen in Table 3,

Effects of sonication on viable cell count (YCC) and mannitel ferment-
ative staphylococci counts (MFC) are shown in Tabie 2. Sonication of milk

samples caused increased bacteria counts with Standard Plate Count (SPC) agar

(avg. 0.42 log) and Mannitol Salt (MS) agar {avg. 0.17 log), when compared to
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untreated samples. The increase was highly significant with SPC (p < 0.001)
and significant for recovery of mannitol fermentative staphy]ococci] on MS
(p < 0.05), for all SCC groups. MFS colonies were observed in 37 % of the
control samples and represented 22 % of the colonies in each sample (Table 4).
The increase obtained in MFC due to sonication was compared to the increase
in VCC but no correlation was found between these variables.

Increases in VCC due to sonication were correlated with initial VCC
counts (r = 0.545; p < 0.001) as shown in Figure 1. When viable cell control
counts were larger than 100 per ml, response to sonication was consistent
and positive. Samples with counts lower than 100 per ml tended to vary
directly as the control VCC, however, many negative values were recorded.
This variable response for low initial VCC milk samples could be due to
sampling error (19). When there are only one or two colonies per plate,
interpretation is in doubt (19, 44), and a minimum of 5 colonies per plate
has been recommended as evidence of intramammary infection (19, 41). When
dealing with low bacteria count samples, effectiveneés of detection of infec-
tion depends on aliquot size for plating. Plating with small aliguots (0.05
ml or less) is common practice as cited by Neave (20) and others (2, 3, 23).
-Larger aliquots should be considered because about 5 % of the milk sampies
from staphylococcal and streptococcal infected quarters are expected to have
Tess than 100 bacteria per ml (19). Standard Methods procedures (1) were
considered to be adequate for milk samples with low bacteria counts because

Jarger aliquots (1.0 m1) increase effectiveness of bacteria recovery.

1.- Mannitol fermentative bacteria growing in MS agar were classified as man-
nitol fermentative-coagulase negative staphylococci, after appropriate

tests were made.
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Increases in bacteria counts were to be expected either because of dis-
ruption of somatic cells with subseguent liberation of engulfed but not
killed bacteria, and/or because of dispersion of staphylococci clumps or
other bacterial aggregates. A tendency for bacterial counts to vary directly
as the percent of somatic cell disruption was observed, suggesting that
release of phagocytosed bacteria may be contributing to the VCC and MFC
increases. Although no correlation was found between increased VCC and/or
MFC and ncrease in somatic cell disruption,findings by other workers {23)
suggests that the release of PMN phagocytosed bacteria could Tead to improved
diagnostic accuracy. Dispersion of bacterial aggregates could also cause
increases in bacteria counts. Ultrasonic dispersion of staphylococci clumps
has been previously reported (9, 26, 42). In addition to staphylococci
dispersion, the application of ultrasonic treatment to other bacterial groups
may result in a similar dispersion. Since it was not the purpose of this
study to determine effects of ultrasound on frequency of appearance and
disappearance of different bacteria species, further work on this could be
important and relevant. The fact that the ultrasonic treatment response for
hacterial count increases was unusually high for some milk samples (1.5'109,
Figure 1) indicates the need for further study on the effect of ultrasound
on each of the primary mastitis causing bacteria.Studies including pure
cultures as well as bacteria recovered from the mammary gland could aid in
distinquishing between the relative importance of clump dTSQersibn and bac-
terial release from leucocytes with regard to accuracy of mammary bacte-
rial assays.

Of interest in our experiment was that no correlation was found between
viable cell control counts and somatic cell control counts for any SCC group.

This observation tends to confirm findings by other workers wherein SCC
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- alone is not conclusive evidence of infection (7, 16). Bacteriological

analysis of suspect samples is necessary for dependable diagnosis.

CONCLUSIONS

Application of ultrasound to milk samples resulted in effective dis-
ruption of somatic cells and increased quantitative reccvery of bacteria on
SPC and MS agar. Increase in bacteria counts seemed to be due to release of
phagocytosed bacteria from disrupted somatic cells and dispersion of bacte-
rial aggregates. Wnenever iow viable cell counts are suspected, the use of
ultrasound prior to plating should give more reliable plate counts and

decrease the incidence of false negatives in bactericlogical assay.
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ABSTRACT

One hundred and twenty six milk samples from lactating cows in the
Kansas State University dairy herd were used to determine the efficacy of
ultrasound on somatic cell disruption and quantitative recovery of bacteria
 from milk samples. Results showed effective disruption of somatic cells
(p < 0.001) and significantly higher bacterial counts with ultrasound treat-
ment compared to controls. Increases in bacteria counts were highly significant
on standard plate count agar (p < 0.001)} and significant for mannitol salt agar
(p < 0.05). Conclusions were that the use of ultrasound as a routine practice
in the analysis of milk samples would decrease the incidence of false nega-

tives. Possible factors involved are presented and discussed,





