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ABSTRACT

A rapid, simple fluorometric
method is described for measur-
ing antibody to Pasteurella
haemolytica in sera of cattle.
Various antigen preparations
were compared for the test
including live, formalin-killed
and phenol-killed P. haemoly-
tica. A preparation composed of
formalin-killed organisms from
a 22 hour culture gave consist-
ent results and was used in the
studies. The test was reproduci-
ble with percent coefficients of
variation for fluorescent signal
unit values on ten or more repli-
cate samples ranging from 5.7 to
28.0. Sera from calves vacci-
nated by aerosol exposure to live
P. haemolytica had up to a five-
fold increase in antibody titer as
measured by the fluorometric
method test during a 21 day
period. Fluorometric method
titers were comparable to those
obtained by the indirect bacte-
rial agglutination test. There
was no seroconversion to P.
haemolytica in calves vacci-
nated by aerosol exposure of P.
multocida. The major advan-
tages of the fluorometric meth-
od test over conventional meth-
ods are that the assay does not
require serial dilutions of serum
samples and thus limits time and
effort to determine antibody
titers.

R:SUMP

Cet article decrit une methode
fluorometrique, rapide et sim-
ple, destinee a mesurer les anti-
corps seriques contre Pasteu-
rella haemolytica, chez les
bovins. Les auteurs essayerent
les trois antigenes suivants: un
premier, qui etait vivant; un
deuxieme, inactive avec de la
formaline et un troisieme, inac-
tive avec du phenol. Leur choix
se porta finalement sur l'an-
tigene prdpar6 avec des cultures
de P. haemolytica, agees de 22
heures et inactivees avec de la
formaline, parce qu'il donnait
des resultats constants. Cette
methode se revela reproductible
et afficha des coefficients du
pourcentage de variation rela-
tifs aux valeurs unitaires du si-
gnal fluorescent qui varierent
de 5,7% a 28%, lorsqu'on l'utilisa
avec des doubles de dix echantil-
lons de serum ou plus. Le serum
des veaux vaccines au moyen
d'aerosols de P. haemolytica
vivantes afficha un titre d'anti-
corps jusqu'A cinq fois plus
eleve, comme le demontra la
methode fluorometrique, sur
une periode experimentale de
21 jours. Ces titres s'avererent
comparables a ceux qu'on obtint
par l'epreuve de l'agglutination
indirecte des bacteries. Les
veaux vaccin6s contre Pasteu-
rella multocida, au moyen

d'a6rosols, ne d6velopperent pas
d'anticorps A 1'endroit de P.
haemolytica. Le principal avan-
tage de la m6thode fluoro-
m6trique, par rapport aux m6-
thodes conventionnelles, reside
dans le fait qu'elle ne requiert
pas de dilutions en s6rie des
6chantillons de serum; cette par-
ticularitM limite par consequent
le temps et l'effort requis pour
determiner les titres d'anticorps.

INTRODUCTION

Pasteurella haemolytica sero-
type 1 is the primary cause of a
severe fibrinous pneumonia that
occurs in shipping fever of cattle
(8). Commensal infection of the
upper respiratory tract with P.
haemolytica is widespread in cattle
populations as determined by iso-
lation of organisms from nasal and
tracheal swabs from normal
animals (3, 11). The mechanism
by which the organism becomes a
lower respiratory pathogen and
the role of the immune system in
preventing pulmonary disease
have been the subject of intense
study for several years (2, 4, 7, 10,
13, 14).
Several serological methods

have been used to study the im-
mune response to P. haemolytica
including indirect hemagglutina-
tion (IHA), whole cell aggluti-
nation, indirect bacterial aggluti-
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nation (IBA), and the bacteriocidal
tests (4, 10, 11, 13, 15). The IHA
test appears to be sensitive to P.
haemolytica serotypes; but, in vac-
cination studies, changes in serum
titers between pre- and postvacci-
nation samples were minimal (4).
Studies in healthy and sick feedlot
cattle failed to demonstrate a
correlation between IHA titers
and shipping fever (10). Bacterioci-
dal activity toward P. haemolytica
could not be consistently detected
in sera from vaccinated, con-
trolled, or challenged cattle (4).
The whole cell agglutination and
IBA tests have been shown to be
most useful in comparing pre- and
postvaccination titers (4, 13).
We report the adaptation of a sim-

ple fluorometric method (FIAX)1
for the detection and quantitation
of antibody to P. haemolytica in
cattle.

MATERIALS ANDMETHODS
BACTERIA

Bacterial cultures of P. haemo-
lytica serotype 1 and P. multocida
serotype 3, both originally isolated
from feedlot steers, were used in
these studies (7). The organisms
were grown on brain heart infu-
sion agar with 5% citrated bovine
blood, 1% horse serum, and 1% fil-
tered yeast hydrolysate at 37°C in
candle jars. Cultures were harv-
ested at six and 22 hours after
incubation. Numbers of live orga-
nisms were determined by a modi-
fied plate count method and the
concentrations are expressed as
colony forming units (CFU) (7).
ANTIGEN PREPARATIONS

In the FIAX test, live, formalin-
killed, and phenol-killed P. haemo-
lytica preparations were used. All
preparations were standardized
such that a 1:10 dilution in phos-
phate buffered saline (PBS),
(0.O1M, pH 7.2) corresponded to an
optical density reading of 0.36 at a
650 nm wavelength (equivalent to

109 CFU). Three live P. haemoly-
tica preparations were evaluated
in two trials. These consisted of
organisms from 22 hour and six
hour cultures suspended in PBS
and organisms from six hour cul-
tures with their capsules extracted
by incubation in PBS at 41°C for 60
minutes as recently described (5).
A different preparation was used
in each trial. Preparations of P.
haemolytica from similar cultures
were suspended in 0.4% formalized
PBS for 30 minutes. After two
washes in PBS, the formalin-killed
organisms were suspended at the
desired concentration in 0.4% for-
malized PBS. Phenol-killed pre-
parations were similarly prepared
but in a 0.75% phenol-PBS solution
containing 10% horse serum.
Killed antigen preparations were
stored at 4°C. The same stocks of
formalin-killed organisms were
used in each trial.

INDIRECT BACTERIAL
AGGLUTINATION TEST

The IBA test was performed as
previously described (13). A
formalin-killed 22 hour P. haemo-
lytica antigen preparation was
used. Each serum sample was
tested in serial twofold dilutions
(in PBS) from 1:10 to 1:2560. The
end point titer was defined as the
reciprocal of the last serum dilu-
tion in which agglutination could
be observed.

FIAX TEST

The test was performed using
key shaped plastic STIQ samplers2
that support a cellulose acetate-
nitrate polymer-coated disk on
both sides of the terminal portion.
A 25,uL volume of antigen was
evenly distributed on one side of
each sampler and allowed to dry at
room temperature before use.
Samplers were used within four
hours after sensitization.

All dilutions and wash steps
were made in PBS (0.O1M) with
0.15% (vol/vol) Tween 20, pH 7.4.
Serum samples were assayed in

duplicate or triplicate. Using an
automated diluter,3 sera were dil-
uted to a working dilution of 1:76
(10,iL serum in 750gL PBS-
Tween 20 buffer) and 0.6 mL
volume placed in 12 x 75 mm glass
tubes. The assays were performed
at room temperature. Tubes were
placed in racks that maintained
them at a 45 degree incline on a
horizontal shaker. Samplers sen-
sitized with antigen were placed in
the tubes and incubated 30 min-
utes with constant agitation. The
samplers were transferred to
tubes containing 0.6 mL PBS-
Tween 20 buffer and shaken for
ten minutes. Samplers were sub-
sequently placed in 0.5 mL of fluo-
rescein isothiocyanate (FITC)-
conjugated rabbit antibovine IgG
(heavy chain and light chain spe-
cific)4 that had been optimally dil-
uted 1:200 with PBS-Tween 20
buffer. The optimal concentration
had been determined in a standard
titration experiment. Tubes were
shaken for 20 minutes. Samplers
were transferred and subjected to
another ten minute wash in PBS-
Tween 20 buffer.
The amount of fluorescence on

the samplers was measured using
a fluorometer.5 The baseline of the
fluorometer was adjusted to zero,
then the fluorescence on both sides
of each sampler was measured and
recorded as the pregain values.
The highest pregain sampler was
reinserted, antigen side up, and
the gain was set such that the fluo-
rometric reading was 160 units.
The fluorescence was measured on
both the antigen and control sides
of the samplers and recorded as
fluorescent signal units (FSU).
The specific fluorescence due to
the reaction of the FITC conjugate
with bound antibody was desig-
nated as AFSU and calculated by
subtracting the control FSU value
from the FSU value of the antigen
side of the samples. A percent coef-
ficient of variation was deter-
mined for several replicate serum
samples.
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'Fluorescent Immunoassay System, International Diagnostic Technology, Santa Clara, California.
2Surface Technique for Immunoquantitation, International Diagnostic Technology, Santa Clara, California.
3IDT Automatic Pipettor, International Diagnostic Technology, Santa Clara, California.
'Cappel Laboratories, Inc., Cockranville, Pennsylvania.
5FIAX 100, International Diagnostic Technology, Santa Clara, California.



DETERMINATION OF FIAX TITER

Four calibrator sera (#398, #393,
#389, and #384) were chosen from
calf experiment A (described
below) based on AFSU values
ranging from five to 135. End
point titrations were performed in
triplicate on sera sequentially dil-
uted twofold in PBS from an initial
dilution of 1:5. For each serum
dilution, a working dilution of 1:76
was made with the automated
pipettor and the FIAX test per-
formed as described above. Forma-
lin-killed 22 hour P. haemolytica
was used as antigen. The average
AFSU value was determined for
each serum at each dilution. The
end point titer was the reciprocal
of the last dilution that had an
average AFSU value higher than
the minimal AFSU value observed
as background fluorescence on the
antigen-sensitized side of the
samplers.

ANALYSIS OF DATA

Calibrator sera were placed in
tubes containing 0.1% sodium
azide, aliquoted in 0.1 mLvolumes
and stored at -70°C until used.
Once sera were thawed, they were
maintained at 4°C for two weeks
after which time remaining sera
were discarded. The AFSU values
for the four calibrator serum sam-
ples at the working dilution of 1:76
were determined each time a
FIAX test was performed. A line
of best fit was determined by least-
squares linear regression analysis
of the predetermined FIAX end
point titers and the AFSU values
of the calibrator sera (1). Titers for
unknown samples were deter-
mined by extraprolation of AFSU
values from the best fit line.
Regression analysis was used to
determine the correlation between
titer values obtained by the FIAX
and IBA tests.

VACCINATION EXPERIMENTS

Sera were obtained from Here-
ford, Angus, and Hereford-Angus
cross-bred male and female calves,
six to eight months old, used in
vaccination experiments (A, B and
C). All calves were obtained from a

closed herd that had exhibited a
low incidence of respiratory
disease.

In calf experiment A, prevacci-
nation serum samples were obtain-
ed from 30 calves. On day 0, ten
calves were sham vaccinated by a
15 minute exposure to an aerosol of
PBS as described previously (2).
Another ten calves were vacci-
nated by a 15 minute exposure to
an aerosol containing a suspension
of P. haemolytica in PBS (approx-
imately 109 CFU) from a six hour
culture and the last ten calves were
vaccinated by a 15 minute expo-
sure to an aerosol containing P.
haemolytica (109 CFU) from a 22
hour culture. The above proce-
dures were repeated on the same
animals on day 7. Two weeks after
the second vaccination (day 21)
serum samples were obtained
from all the calves. Calf #398 (22
hour culture vaccinate) was vacci-
nated with live P. haemolytica by
the above procedure two addi-
tional times (days 35 and 49) to
produce a hyperimmune serum.

Calf experiments B and C were
similar to calf experiment A and

consisted of two 15 minute aerosol
vaccinations at one week intervals.
In calf experiment B, two calves
were vaccinated with PBS and six
calves were vaccinated with a 22
hour culture of P. haemolytica.
Serum samples were obtained on
days 0, 14 and 21 of the experi-
ment. Calf experiment C consisted
of eight calves vaccinated with
PBS and six calves vaccinated
with a 22 hour culture of P. multo-
cida. Serum samples were obtain-
ed on days 0, 7 and 21 of the
experiment.
A negative control serum was

obtained from umbilical cord
blood of a germfree calf.6

RESULTS
COMPARISON OF ANTIGEN
PREPARATIONS

The results from the P. haemo-
lytica antigen preparations are
compared in Table I. In trials 1 and
2, the highest AFSU values were
found when serum #1 was reacted
with the live six hour organisms
without capsules. Nonspecific con-

TABLE I. Comparison of Specific Fluorescent Signal Units (AFSU) Values for
Various Pasteurella haemolytica Antigen Preparations in the FIAX Test

Serum #a

Antigen preparation 1 2 3 GFC Conjugated
Trial 1
22 h - live 102.5b 68.5 43.5 24.5 26.0

- formalin 95.0 36.5 17.5 7.0 5.5
6 h - live 105.5 36.0 21.5 13.0 18.5
- live/extractede 131.5 74.5 25.5 8.5 8.5

Trial 2
22 h - live 87.5 62.0 52.5 ND 37.0

- formalin 102.0 43.5 19.0 ND 12.0
6 h - live 86.0 45.0 20.0 ND 15.0
- live/extracted 127.5 49.0 26.0 ND 7.5
- formalin 87.5 49.0 15.0 ND 3.0
- formalin/extracted 96.0 78.0 25.0 ND 10.0
- phenol 76.5 46.5 30.5 ND 16.0
- phenol/extracted 73.5 42.0 34.5 ND 13.5

Trial 3
22 h - formalin 116.0 40.0 11.0 ND 5.5
6 h - formalin 62.0 17.0 1.0 ND 0
- formalin/extracted 102.0 36.5 13.0 ND 3.5

aSera # 1 and 2 obtained from calves 14 days after two aerosol exposures to P. haemolytica.
Serum #3 obtained from a calf seven days after two aerosol exposures to P. haemolytica

bAverage AFSU value of two replicates
CGF = Germ free calf serum
dTest performed with FITC-conjugated rabbit antibovine immunoglobulin serum without
a primary serum
eCapsule extracted in PBS at 41°C for 60 minutes
ND = Not done

6Provided by Dr. M. Frey, University of Nebraska, Lincoln, Nebraska.
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jugate binding was greatest in live
22 hour and six hour P. haemoly-
tica preparations as demonstrated
by AFSU values of 26.0 and 18.5,
r.espectively, when a primary
incubation step with serum was
eliminated. In contrast, lower non-
specific A FSU values of 5.5 and
12.0 were observed when formalin-
killed 22 hour preparations were
reacted with conjugate alone. The
AFSU values for germfree calf
serum were similar to those when
the conjugate was used alone in
trial 1. Additional testing of germ-
free calf serum was not done.

Formalin-killed 22 hour P. hae-
molytica preparations gave rela-
tively consistent results with each
serum tested in all three trials. Use
of the formalin-killed 22 hour and
six hour extracted preparations
resulted in high AFSU values for
serum #1(95.0 and 116.0 and 96.0
to 102.0 respectively) and low non-
specific AFSU values (5.5 to 12.0
and 3.5 to 10.0 respectively). The
AFSU values for sera #2 and #3
varied between trials 2 and 3 by
nearly twofold when formalin-
killed six hour extracted cells were
used as antigen. A marked varia-
tion was seen in the AFSU values
for all three sera when the
formalin-killed six hour whole cell
preparations was used in trials 2
and 3. Phenol-killed whole cell and
extracted preparations had low
AFSU values (73.5 and 76.5) for
serum #1 and relatively high non-
specific AFSU values (13.5 and
16.0). For the remaining experi-
ments the formalin-killed 22 hour
P. haemolytica preparation was
used as antigen in the FIAX assay.
The effect of the concentration of

formalin-killed 22 hour P. haemo-
lytica on AFSU values was deter-
mined (Table II). For each serum

TABLE II. Titration of Pasteurella
haemoly,tica Antigen in the FIAX Testa

AFSUb
Serum# 1:1 1:10 1:20

1 120 84.5 69.5
7 126 88.0 68.0
8 98.5 69.5 50.0

a22 h formalinized culture
bAverage AFSU value of two replicates
'Equivalent to 109 colony forming units

tested, the antigen preparation
equivalent to 109 CFU had the
highest AFSU values.

REPLICATE SAMPLES

Ten to thirteen replicates of six
sera were tested in the FIAX test
(Table III). The coefficient of vari-
ations for AFSU values ranged
from 5.7% to 28.0%.

FIAX TITER DETERMINATION

Fluorometric method titers
were determined for four sera
(Table IV). Serial dilution of sera
resulted in a parallel reduction in
AFSU values. The minimalAFSU
values were consistently around
four (3.7 ± 0.6 to 4.0 ± 0) and a
AFSU value of five (standard
deviations of ± 0 or ± 1) was consi-
dered to be the lastAFSU value to
represent a positive reaction.
Fluorometric method titers of 640,
160, 40 and < 5 were designated
for sera #398, 393, 389, and 384,
respectively. For the purpose of
regression analysis, a titer of < 5
was designated as 1. In this exper-
iment, a correlation coefficient (r)
of 0.999 (p < 0.001) as calculated
when AFSU values of the undil-
uted sera were regressed against
the end point titers.

CALF VACCINATION EXPERIMENTS

Serum samples from ten calves
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TABLE V. Comparison of Mean FIAX and Mean Indirect Bacterial Agglutination
(IBA) Titers for Calves Vaccinated by Aerosol Exposure to Live Pasteurella
haemolytitca

Geometric Mean Titers ± SDI

Aerosol Before vaccination After vaccinationc
Vaccineb # Animals FIAX IBA FIAX IBA
PBS 10 8.1± 3.0 ND 5.0 ± 3.9 ND
6 hr culture 10 6.3 ± 1.8 3.6 ± 3.3 114.3 ± 4.9 65.3 ± 5.4

22 hr culture 10 10.0 ± 6.1 23.8 ± 2.1 83.4 ± 2.9 68.6 ± 2.3
'SD = Standard deviation
bTwo 15 minute aerosol exposures to PBS or 109 live organisms at one week intervals
CSera obtained two weeks after last vaccination
ND - Not done

lytica over the 21 day observation
period (Fig. 1). Phosphate buf-
fered saline vaccinated calves had
an average twofold decrease in
titer. In calfexperiment C, a rise in
FIAX antibody titer to P. haemo-
lytica was not observed in calves
vaccinated with either PBS or P.
multocida.

DISCUSSION

that were vaccinated with PBS
(calf experiment A) had a geomet-
ric mean prevaccination FIAX
titer of 8.0 ± 3.0 (range 0.4 to 26.5)
at the start of the experiment
(Table V). Serum samples obtained
two weeks after the seconds PBS
vaccination had a geometric mean
FIAX titer of 5.0 ± 3.9 (range 0.02
to 44.3). Only one of these calves
(#389) had a rise in titer during
this period (18.7 to 44.3).
Serum samples from ten calves

that were aerosol vaccinated with
six hour cultures of P. haemolytica
had a geometric mean prevaccina-
tion FIAX titer of 6.3 ± 1.8 (range
2.1 to 71.9) and IBA titer of
3.6 ± 3.3 (range < 10 to 10). Two
weeks after the second vaccina-
tion, serum samples from these
calves had a geometric mean
FIAX titer of 114.3 ± 4.9 (range
34.2 to 264.2) and mean IBA titer
of 65.3 ± 5.4 (range 40 to 320). Dur-
ing the experiment, each calf
experienced a rise in antibody titer
of at least fourfold by the IBA and
fivefold by the FIAX tests.
Vaccination with 22 hour P.

haemolytica cultures resulted in
seroconversions similar to those
observed after vaccination with six
hour cultures. At the start of the
experiment, these calves had a
mean FIAX titer of 10.1 ± 6.1
(range 0.0 to 85.5) and mean IBA
titer of 23.8 ± 2.1 (range ten to 80).
Two weeks after the second vacci-
nation, calves had a mean FIAX
titer of 83.4 ± 2.9 (range 11.6 to
314.9) and mean IBA titer of
68.6 ± 2.3 (range 20 to 320). Dur-
ing the experiment each calf had a
rise in antibody titer of at least
twofold but mostly fourfold or
greater as measured by both IBA

and FIAX. There was a high
degree of correlation between titer
values determined by the two
techniques (r = 0.5616, n = 40,
p< 0.001).
Calves vaccinated with P. hae-

molytica, in calf experiment B, had
an average 4.5 fold increase in
FIAX antibody titers to P. haemo-

The FIAX system has been used
to demonstrate antibody to a
number of infectious agents (6, 9,
12). The results of the present stu-
dies indicate that the FIAX system
can be successfully adapted for
detecting antibodies to P. haemo-
lytica in the sera of calves that have
been experimentally vaccinated
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by aerosol exposure to live P. hae-
molytica organisms.

Six hour organisms without cap-
sules and 22 hour organisms were
the most efficient antigens in the
FIAX system. This finding corre-
lates with the observation that in a
direct agglutination assay using
hyperimmune chicken sera six
hour P. haemolytica without cap-
sules and 22 hour organisms
agglutinated more readily than six
hour whole organisms (5). The
results of our FIAX study support
the concept that the presence of a
capsule on six hour P. haemolytica
may decrease antibody binding.
We determined that the forma-

lin-killed P. haemolytica prepara-
tion from 22 hour cultures gave
consistent results and was advan-
tageous because of low nonspecific
binding of the conjugate. The
lower nonspecific binding of con-
jugate to the formalin-killed 22
hour preparation compared to the
live 22 hour preparation is most
likely due to the washing steps
involved in preparing formalin-
killed antigen. This may remove
bacterial debris resulting in a
"cleaner" antigenic preparation.
The 22 hour formalin-killed pre-
paration was also advantageous
because 18 to 22 hour formalin-
killed P. haemolytica preparations
have been used most frequently in
the IBA assay (4, 13). We were,
therefore, able to compare the
antibody titers in both the FIAX
and IBA tests, and results of calf
experiment A demonstrated that
the FIAX test was of similar sensi-
tivity to IBA. Regression analysis
indicated that the titers deter-
mined by the two assays were
comparable.

Repeatibility in the FIAX test
was acceptable in that replicate
samples had percent coefficients of
variation of 28.0 or less. In our
laboratory, variations in IBA
titers from one test to another on
the same serum samples can often
be twofold and occasionally four-
fold while variations in FIAX
titers have consistently been less
than twofold for individual sam-
ples. This difference in reproduci-
bility in the IBA test may only
reflect our limited experience with

that test and may not be a valid
concern for those laboratories that
have extensive experience with the
assay.
The FIAX test for P. haemoly-

tica appears to be fairly specific in
that calves vaccinated with P. mul-
tocida serotype 3 did not develop
antibody that cross reacted with P.
haemolytica serotype 1. Additional
tests should be performed to
determine the specificity of the
FIAX test using other P. haemoly-
tica and P. multocida serotypes.
There are several advantages to

the FIAX test over other tech-
niques for detecting antibody to P.
haemolytica. The assay requires
only small quantities of serum
(20,uL for each serum performed
in duplicate). The assay also does
not require serial dilutions of
serum samples. This limits the
time per sample to determine an
antibody titer. In our laboratory,
150 to 200 serum samples in dupli-
cate can be tested easily in one
working day, thereby making the
FIAX test ideal for serological
surveys or experiments involving
multiple samplings of large
numbers of cattle. Another poten-
tial advantage is that various types
of antigen preparations can be
used in the assay. The antibody
response, therefore, could be
detected to such things as P. hae-
molytica capsular antigens or cyto-
toxic factors. Finally, the FIAX
test could be used to determine
antibody titers associated with dif-
ferent classes of antibody by use of
FITC-conjugated antisera that is
immunoglobulin class specific.

In conclusion, the FIAX test for
detection of antibody to P. haemo-
lytica is sensitive, simple to per-
form, specific, and reproducible.
The cost per test is not prohibitive.
We estimate that in our laboratory
the test costs about $2.00 per
serum sample. The major disad-
vantage to the FIAX test is a high
initial equipment cost.
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