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— A modified Limulus amebocyte lysate (LAL) cow-side test was evaluated under field
conditions. The principle of the test is to visualize reactions between test components
and endotoxin from the cell wall of Gram-negative bacteria. The practical purpose 1s to
detect such bacteria 1n mastitic milk. Secretions from 789 udder quarters with clinical
mastitis were examined by the LAL-test. Parallel quarter milk samples were sent to a
mastitis laboratory for microbiological examination. Eleven veternary surgeons in
three veterinary districts in Norway performed the field mvestigations. Results of the
LAL-test and culture agreed 1n 93% of all milk samples tested, agreement measured
by kappa being 0.63. The sensitivity of the test in detecting Gram-negative bacteria was
63%, while the specificity was 97%. The predictive value of a positive test result was
70%, the figure being somewhat higher (75%) when the matenal was limited to milk
samples without antibiotic residues. The predictive value of a negative test result was
95%. The LAL-test is considered to constitute a valuable cow-side test for the veteri-
nary practitioner, aiding the selection of antibacteral drug of choice for the mitial treat-
ment of clinical mastitis.

Limulus amebocyte lysate test; bovine; diagnostics.

Introduction

In order to achieve optimal results from treat-
ment of mastitis, knowledge of the causal or-
ganism and its antibiotic sensitivity is neces-
sary. However, treatment of acute clinical
mastitis has to be initiated as soon as possible,
and before results of culture and antibiotic
susceptibility tests are available. Therefore,
drug choice must be based on clinical suspi-
cion of the causal organism.

Reports from different countries indicate that
the relative importance of Gram-positive ver-
sus Gram-negative bacteria in causing clinical

mastitis is fairly constant. Extensive surveys in
Scandinavia (Waage et al. 1990, Svensk Hus-
djursskdétsel 1991), Switzerland (Schdllibaum
1993), UK (Central Veterinary Laboratory
1981), and Ohio, USA (Bartlett et al. 1992) all
show that Gram-positive cocci dominate,
while coliforms are isolated in 10 to 20% of
clinical cases.

Clinical signs alone are insufficient to differ-
entiate between infections caused by Gram-
positive and Gram-negative bacteria respec-
tively (Funke 1983, White 1987). From a ther-
apeutic point of view, the possibility of deter-
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mining, in the field, whether an infection is
caused by Gram-positive or Gram-negative
bacteria, would represent a step forward.
This report presents the results of a clinical
trial of a modified Limulus amebocyte lysate
(LAL) test for the rapid detection of Gram-
negative bacteria in mastitic milk.

Materials and methods

Test presentation

The LAL-test is the most sensitive in vitro test
available for determination of endotoxin. The
test has been used for pharmaceutical, clinical
and industrial purposes, as well as in research
(Roth et al. 1989).

The method is based on the coagulation
mechanism of the blood of the horseshoe crab
(Limulus polyphemus). The coagulation cas-
cade involves three or more protein factors,
two of which are proteolytic enzymes, and the
third a coagulation protein (coagulogen)
(Roth et al. 1989). These factors can be found
intracellularly in amebocytes. The amebocy-
tes are equivalent to the erythrocytes of mam-
mals, and can be obtained in inactivated form
in extracts of Limulus amebocytes. When en-
dotoxin (lipopolysaccharide) from the cell
wall of Gram-negative bacteria comes into
contact with lysate of amebocytes, various co-
agulation proteases are activated, and the co-
agulogen is polymerized under formation of a
gel. The activation of the coagulation cascade
causes turbidity which can be visualized. In
order to increase the sensitivity of the reac-
tion, a chromogenic substrate is coupled to
paranitroaniline (PNA).

When the substrate is split by the proteins in
the cascade, PNA is liberated. The free PNA
absorbs yellow light. The yellow colour ob-
tained in endotoxin positive samples can be
seen by the naked eye.

The LAL-test has previously been used as a
cow-side test to detect endotoxin from Gram-
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negative bacteria in milk of infected udder
quarters (Jonsson et al. 1985). By means of a
modified chromogenic LAL-test (Jonsson &
Franklin, to be published), the incubation pe-
riod has been reduced to 15 minutes, making
the test more suitable for use in veterinary
practice.

Test performance

Glass bottles (12x32 mm, Chromacol, Scan-
tec, Partille, Sweden) containing lyophilized
Limulus amebocyte lysate (Chromogenix
AB, Gothenburg, Sweden) were used.

Milk samples were collected lege artis in plas-
tic milk tubes. Using pyrogen free 1.0 ml sy-
ringes (Becton and Dickinson, Stockholm,
Sweden), 0.1 ml of the milk was injected into
a pyrogen-free glass bottle (12x32 mm,
Chromacol, Scantec, Partille, Sweden) con-
taining 0.9 ml distilled and pyrogen-free wa-
ter. The bottle was placed in a boiling water-
bath for two minutes (immersion heater)
followed by cooling in tap water. Thereafter
0.1 ml of the diluted sample was transferred,
by a second syringe (1.0 ml, Becton and Dick-
inson, Stockholm, Sweden), into a glass bottle
containing LAL and substrate (see above).
This bottle was kept in a 37-40°C water bath
(bucket) for 15 minutes. The colour of the so-
lution was then immediately recorded by the
naked eye. If yellow, the test was regarded as
positive (i.e. containing endotoxin), and if the
colour was unchanged, the test was regarded
as negative (absence of endotoxin).

Field trial

A field trial was carried out in three veteri-
nary districts in Norway. Eleven veterinary
surgeons participated.

The inclusion criteria were as follows: Cows in
their first to third lactation with acute clinical
mastitis within 6 months after parturition, and
not treated for mastitis earlier in the current
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Table 1. Distribution of 781 cases of acute clinical mastitis n relation to outcome of Limulus amebocyte ly-

sate (LAL) test and results of culture*.

Culture
Other No growth
LAL-test E. col Gram— Gram+ of bacteria
+ 51 6 22 2
- 24 9 612 55

Observed proportion agreement: (51 + 6 + 612 + 55)/781 = 92.7%

Predictive value of a positive test result: 57/81 = 70.4%

Predictive value of a negative test result: 667/700 = 95.3%
Sensitivity, detecting Gram-negative bactena: 57/90 = 63.3%

Sensitivity, detecting E. coli: 51/75 = 68.0%
Specificity: 667/691 = 96.5%

* A mixed flora grew from quarter milk samples from eight cases which are not included 1n the table.

lactation period. These criteria were estab-
lished partly because the LAL-test trial was
combined with a mastitis therapy trial.

The material comprised 789 cows. In cows
with two or more affected quarters, the quar-
ter with the most marked clinical signs was
chosen for investigation. Before treatment,
the milk secretion was examined by the LAL-
test. In addition, quarter milk samples were
collected and sent to the mastitis laboratory at
The National Veterinary Institute, Oslo, Nor-
way.

Isolation and identification of bacteria from
quarter milk samples were carried out accord-
ing to the recommendations of the Interna-
tional Dairy Federation (International Dairy
Federation 1981). In addition, all samples
were examined for the possible presence of
antibiotic residues. A prerequisite for inclu-
sion in the trial was that antibiotics had not
been administered before examination. How-
ever, antibiotic residues were found in 61
samples.

Results
The LAL-test was positive in 82 cases and
negative in 707 (Table 1).

A mixed flora grew from 8 samples. The out-
come of the LAL-test was impossible to eval-
uate in relation to these samples, and they
were therefore excluded from the calcula-
tions.

In 724 (92.7%) of the remaining 781 cases, the
outcome of the test agreed with the result of
culture. Agreement measured by kappa
(Martin et al. 1987) was 0.63.

The test result was considered positive in 81
(10.4%) of the 781 cases. Escherichia coli or
other Gram-negative bacteria were found in
57 of the corresponding quarter samples. The
predictive value of a positive test result was,
consequently, 70.4%. Culture of the remain-
ing samples either produced Gram-positive
bacteria (22 samples) or no microorganisms at
all (2 samples). Of the Gram-positive bacte-
ria, 11 were S. aureus, 4 Streptococcus dysga-
lactiae, 3 Actinomyces pyogenes, 3 coagulase-
negative staphylococci, and 1 Streptococcus
uberis.

The results of 700 tests were considered nega-
tive. In 667 (95.3%) of the corresponding
quarter samples the result of culture was in ac-
cordance with the test outcome, as the find-
ings were either growth of Gram-positive bac-
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teria (610 samples) or yeasts (two samples), or
no growth of microorganisms (55 samples).
Consequently, the predictive value of a nega-
tive test result was 95.3%. The Gram-positive
bacteria were S. aureus (342 samples), coagu-
lase-negative staphylococci (83 samples), Str.
dysgalactiae (131 samples), Str. uberis (15
samples), other streptococci (29 samples), A.
pyogenes (5 samples), and various other bac-
teria (5 samples).

The sensitivity of the LAL-test in detecting
Gram-negative bacteria was 63.3%, i.e. the
test result was positive in 57 of 90 cases where
Gram-negative bacteria grew from corre-
sponding quarter samples. E. col: was found
in 75 samples. The sensitivity of the test re-
garding detection of this species alone was
68.0% . Pseudomonas sp. was found in 3 samp-
les. The LAL-test result was negative in these
cases. In 4 cases where enterobacteria were
found in the quarter sample, though the LAL-
test result of the corresponding sample was
negative, just a few (2-7) colonies appeared on
the agar plate. In 6 cases with a negative LAL-
test result, the possibility of the growth of en-
terobacteria, though in pure culture, being
due to contamination could not be ruled out.
In these cases, a mixed flora, often dominated
by enterobacteria, grew from at least 1 of the
other quarter samples from the same cow.

In 667 of 691 cases where laboratory examina-
tion revealed either Gram-positive bacteria,
yeasts, or no growth at all, the LAL-test result
was negative. The specificity of the test was,
thus, 96.5%.

After exclusion of the 61 cows with antibiotic
residues in the milk, the observed proportion
agreement between LAL-test and laboratory
results was 93.1%. Kappa was 0.66. The pre-
dictive value of a positive test result was
74.7%, and that of a negative test result
95.2%. The sensitivity of the test in detecting
Gram-negative bacteria was 64.4% (for E.
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coli alone 69.4%), while the specificity was
97.0%.

The frequency of disharmony between the
outcome of the LAL-test and the result of cul-
ture did not differ for 9 of the 11 participating
veterinary surgeons. The remaining 2 veteri-
nary surgeons considered together had a sig-
nificantly higher frequency of discrepant re-
sults than the others as a group, 18.8% versus
6.8% (p < 0.05, chi-square test).

The trial lasted for just over a year. There was
no significant difference between the first and
second half-year regarding the degree of har-
mony between LAL-test and culture results
(92.4% and 93.8% respectively).

Discussion

In the present investigation the outcome of al-
most 800 LAL-tests performed by veterinary
surgeons was compared with microbiological
findings in parallel quarter milk samples ex-
amined at a mastitis laboratory. An overall
agreement of 93% was found between test
and laboratory results. Kappa, a measure of
the degree of agreement beyond chance, was
0.63.

The predictive value of a positive test result
was 70%. Omission of cases with antibiotic
residues in milk raised the predictive value of
a positive test result to 75%.

The presence of antibiotic residues in a quar-
ter milk sample indicates that the cow might
have been treated before the test was per-
formed and the sample collected. In theory,
this might in some cases have led to killing of
Gram-negative bacteria, with endotoxin still
present in milk. Discrepancy between test and
culture results is then a logical consequence.
In other words, testing milk containing antibi-
otic residues may produce an outcome which
is “correct” (presence of endotoxin), but of
doubtful value when the point is to get infor-
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mation of therapeutic relevance. A positive
test result in recently treated cows should,
therefore, be interpreted with some caution.
Destruction of Gram-negative bacteria by the
mammary gland defence, leaving endotoxins
in the milk, is another possible explanation of
a natural disagreement between LAL-test
and laboratory results.

The sensitivity of the LAL-test concerning de-
tection of Gram-negative bacteria was 63%.
After exclusion of milk samples with antibio-
tic residues the sensitivity was almost the
same (64%). Regarding detection of E. coli
alone, the sensitivity of the test was 68% for
the material as a whole, and 69% after omis-
sion of milk samples with antibiotic residues.
The sensitivity was, to some extent, probably
underestimated. The laboratory findings,
which served as reference, could be ques-
tioned in some cases. In 6 of those cases where
the LAL-test result was negative and an en-
terobacteria was isolated in pure culture from
the parallel quarter sample, growth of entero-
bacteria or a mixed flora from samples from
other quarters of the same cow indicated con-
tamination.

From some quarter milk samples, just a few
colonies of Gram-negative bacteria grew on
the agar plate. In these cases, it was not unex-
pected that the concentration of endotoxins
was below the detection threshold of the
LAL-test. Atleast 10*-10° C.F.U./ml of Gram-
negative bacteria is necessary for a positive
LAL-test result (Jonsson and Franklin, to be
published). According to Katholm (1989),
there is a high frequency of self cure among
those cows with coliform mastitis which have
a low number of bacteria in milk. Failure to
detect Gram-negative bacteria in such cases
will hardly lead to negative therapeutic conse-
quences.

The specificity of the test was found to be
97%. Growth of A. pyogenes from quarter

milk samples was registered in 8 cases. In 3 of
these, the LAL-test was positive. A. pyogenes
is most often isolated in mixed culture to-
gether with Peptostreptococcus indolicus, Stu-
art Schwan’s cocci, Fusobacterium necroph-
orum and Bacteroides spp. (Jonsson et al.
1991), the 2 latter of which are Gram-negative
anaerobic bacteria. In the present study, an-
aerobic culture was not usually performed
when the primary aerobic culture showed bac-
terial growth. Gram-negative bacteria prob-
ably were present together with A. pyogenes,
thus causing positive LAL reaction. Apart
from A. pyogenes, none of the other Gram-
positive bacteria were associated with a high
frequency of false positive test results.

The predictive value of a negative Limulus-
test result was 96% for the total material as
well as for cases without antibiotic residues in
the milk. The real value is probably even
higher due to the possible contamination of a
few quarter samples. Thus, a negative test re-
sult is quite reliable.

In conclusion, the LAL-test is a valuable cow-
side test for the veterinary surgeon, providing
a better basis for selection of antibacterial
drug for the initial treatment of clinical mas-
titis.
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Sammendrag
Feltforspk med en test for pdvisming av gram-negative
bakterier 1 melk fra kyr med masutt.

Det er foretatt en feltutprgving av en modifisert Li-
mulus amgbocyt lysat (LAL) test som er utviklet for
a4 pavise tilstedevarelse av endotoksinholdige bakte-
rier 1 mastittmelk. Elleve praktiserende veterinarer
13 veterinzrdistrikter 1 Norge deltok i undersgkel-
sen. Parallelt uttatte prgver ble undersgkt ved et ma-
stittlaboratorium.

For 93% av de undersgkte prgvene var det over-
ensstemmelse mellom testresultat og laboratorie-
funn. Overensstemmelse angitt ved kappa var 0,63.
Testens sensitivitet med hensyn t1l 4 pivise gram-ne-
gative bakterier var 63%, mens spesifisiteten var
97% For materialet som helhet var den prediktive
verd: av et posttivt testresultat 70%, av et negativt
testresultat 95%. Etter & ha ekskludert prgver der
det ble pavist antibiotikarester, ble den prediktive
verdt av et positiv testresultat funnet 4 vere 75%, av
et negativt testresultat 95%. LAL-testen anses som
et nyttig hjelpenuddel for praktiserende veterinerer
ndr de skal foreta medikamentvalg ved den imtiale
behandlingen av kliniske mastittilfelle.
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