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A Pasteurella multocida species-specific oligonucleotide probe, pmhyb449, targeting 16S rRNA was designed
and evaluated by whole-cell hybridization against 22 selected reference strains in animal tissues. It differen-
tiated P. multocida from other bacterial species of the families Pasteurellaceae and Enterobacteriaceae and also
from divergent species of the order Cytophagales (except biovar 2 strains of Pasteurella avium and Pasteurella
canis, which have high 16S rRNA similarity to P. multocida). The potential of the probe for specific identifi-
cation and differentiation of P. multocida was further detected in formalin-fixed paraffin-embedded lung tissues
from experimental fowl cholera in chickens and infections in pigs. In chicken lung tissues P. multocida cells
were detected singly, in pairs, as microcolonies, and as massive colonies within air capillaries (septa and
lumen), parabronchial septa, and blood vessels (wall and lumen). In pig lung, postmortem-injected P. multo-
cida was detected in the alveoli (lumen and wall), and in both animals the bacterial cells were seen in the
bronchi. The results showed that with the oligonucleotide probe pmhyb449, fluorescent in situ hybridization is
a suitable and fast method for specific detection of P. multocida in histological formalin-fixed tissues. The test
was replicable and reproducible and is recommended as a supplementary test for diagnosis and as a tool in
pathogenesis studies of fowl cholera and respiratory tract infections in pigs due to P. multocida.

Pasteurella multocida is an important pathogen that infects
many production animals and is an opportunistic human
pathogen (7, 21). In poultry, infection with P. multocida may
result in fowl cholera, a disease of economic importance in
commercial production that may occur in different forms, such
as peracute, acute, and chronic infections (16, 43). In pigs, P.
multocida is commonly associated with atrophic rhinitis, pneu-
monia, and septicemic pasteurellosis. Pneumonic pasteurello-
sis due to P. multocida is common and is of major economic
importance for industrial pig production (41). The histology,
clinical signs, and macroscopic lesions associated with P. mul-
tocida infections in poultry and pigs are not pathognomonic
and can be mixed up with other respiratory system infections
characterized by upper respiratory tract inflammations, pneu-
monia, airsacculitis, polyserositis, and septicemia (14, 33, 41,
43), and hence the diagnosis depends on specific detection of
the causative organism.

Detection and characterization of P. multocida by pheno-
typic characteristics including serotype have been dependent
on the ability to cultivate and purify the bacteria in the labo-
ratory (16). Cultivation and identification by standard bacteri-
ological methods can be ambiguous because of V-factor re-
quirements or nontypeable strains, including cross-reaction in
serotyping and viable but nonculturable cells (30).

In situ hybridization (ISH) allows precise localization of a
specific segment of nucleic acid within a histologic section (13)
or detection of specific rRNA in morphologically intact bacte-
ria cells (5). ISH combines basic molecular biological tech-
niques and the ability to appreciate subtle histomorphologic
changes (13). The key feature distinguishing ISH from other
molecular methodologies (filter hybridization and PCR) is that
the sample DNA or RNA is detected directly in the intact cell
rather than being extracted from the cell before testing (40).
The cell morphology and its abundance and spatial distribution
can be analyzed in situ (5, 42).

With fluorescent-labeled probes, in situ hybridization (FISH)
has excellent spatial resolution (42). FISH has been used to
visualize the spatial distribution of Escherichia coli in intestinal
mucosa (42); to evaluate colonization of mouse intestines by
Salmonella enterica serovar Typhimurium (32); and to specifi-
cally detect Salmonella serovars in pig intestines and mouse
lungs (40), Actinobacillus pleuropneumoniae strains in diseased
porcine tissues (23, 26), Brachyspira (Serpulina) pilosicoli infec-
tions in the intestines of growing pigs (11, 27), Lawsonia intra-
cellularis in porcine proliferative enteropathy (10), Streptococ-
cus suis infection in pigs (12), and bacteria in blood cultures
(25, 29).

The aim of the present study was to develop a culture-
independent FISH test for P. multocida based upon hybridiza-
tion of tagged oligonucleotide probes to bacterial rRNA. The
diagnostic potential of this test was evaluated using lungs from
chickens infected with P. multocida that developed clinical fowl
cholera and with pig lung tissues injected with P. multocida.
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MATERIALS AND METHODS

Cultivation of bacteria. Twenty-two strains of P. multocida and other bacterial
species isolated from normal and diseased lungs of poultry and other animals
were obtained from publicly accessible service collections and a local culture
collection (Table 1).

Bacteria were stored at 280°C and cultivated overnight on blood agar base
(CM55; Oxoid Ltd., Basingstoke, Hampshire, England) containing 5% citrated
calf blood. Single colonies were cultured in brain heart infusion broth (Oxoid) at
37°C for 3 to 4 h in a shaker incubator, and optical density (A600) was measured
before fixation.

Fixation of bacterial cells. The bacterial cell cultures were fixed in 4% para-
formaldehyde (Sigma Chemical Co., St. Louis, Mo.) as previously described (2)
and were collected by centrifugation at 10,000 3 g for 5 min. The supernatant
was discarded, and fixed cells were washed in phosphate-buffered saline with
0.1% Nonidet P-40 (Sigma) and resuspended in 200 ml of 23 storage buffer (40
mM Tris [pH 7.5], 0.2% [vol/vol] Nonidet P-40) and 200 ml of 96% alcohol and
were stored at 220°C until use.

Tissue section processing. Lung tissue from chickens infected with P. multo-
cida subsp. multocida strain 40605-1 (17) was used. Chickens were infected
intratracheally with 104 CFU per 0.5 ml and sacrificed 12, 24, and 48 h postin-
oculation. These birds developed typical clinical signs and gross lesions of fowl
cholera, and P. multocida subsp. multocida was reisolated from their spleens after
postmortem examination. For comparison to other animal species, lung tissue
from a healthy sacrificed pig injected postmortem with P. multocida subsp. septica
strain HIM 746-6T was kindly provided by Tim K. Jensen, Danish Veterinary
Laboratory. All infected chicken and pig tissues as well as noninfected tissues
(controls) were immediately (within 1 to 2 h) fixed in 10% neutral buffered
formalin for at least 24 h, processed for histology, embedded in paraffin wax,
sectioned 3 to 4 mm thick, mounted on adhesive slides (Super Frost/plus slides;
Menzel-Gläser, Braunschweig, Germany), and kept at 4°C until use.

Oligonucleotide probes. Unpublished sequences of Pasteurella canis biovar 2
and 16S rRNA sequences obtained from GenBank were aligned with Pileup
(Wisconsin Sequence Analysis Package; GCG, Madison, Wis.) (Table 2). A
region was found where at least four mismatches separated P. multocida and
biovar 2 of Pasteurella avium and P. canis from other members of Pasteurellaceae
as well as from other bacterial species (Table 2). Comparison with similar 16S
rRNA secondary structures of E. coli predicted this region to give strong detec-
tion (22).

A specific oligonucleotide probe, pmhyb449, 59-CTATTTAACAACATCCCT
TC-39 (S-S-Pmul-0449-a-A-20 [1]) (Tags, Copenhagen, Denmark), for specific
detection of P. multocida was selected based on 16S rRNA sequence comparison.
The probe and its complementary probe, non-pmhyb449 (S-*-Npmol-0449-a-
S-20 [1]), were labeled by fluorescein or Cy3 and purified by high-performance
liquid chromatography. The Cy3 label was chosen for further experiments be-
cause it gave a stronger signal than fluorescein or rhodamine (data not shown)
when tested with strains of P. multocida. Probe EUB338 (S-D-Bact-0338-a-A-18
[1, 3]), which is specific for the bacterial domain, and its complementary probe,
non-EUB338 (S-*-non-0338-a-S-18 [1]), labeled with rhodamine or Cy3, were
used as controls.

ISH of cultured bacterial cells. Prior to hybridization, fixed bacterial cells were
acclimatized at ambient (room) temperature, mixed by vortexing, and bound to
10-well Teflon-coated slides (Novakemi; AB, Enskede, Sweden) which had been
coated by immersion in a 1:10, 0.1% (wt/vol) aqueous solution of poly-L-lysine
(Sigma) for 2 min and air dried. One microliter of bacterial cells was applied in
each well. Slides were air dried, dehydrated in serial concentrations of 50, 80, and
96% ethanol for 3 min each, and air dried again. Ten microliters of hybridization
buffer (15% formamide, 100 mM Tris [pH 7.2], 0.9 NaCl, 0.1% sodium dodecyl
sulfate) containing 5 ng of probe was applied per well, and hybridization was
performed in a humidified moist chamber overnight at 37°C. Slides were washed
in 100 ml of hybridization buffer prewarmed to 37°C in a coplin jar for 10 min and
thereafter changed to 100 ml of prewarmed (37°C) hybridization buffer contain-
ing 20% formamide for 10 min. Finally, the slides were rinsed in 100 ml of
Milli-Q water prewarmed to 37°C and air dried in the dark.

ISH of tissue sections. Tissue sections were deparaffinized in coplin jars by two
changes of xylene and were dehydrated twice with 99.9% ethanol for 3 min at
each step. Slides were air dried, and a circle was drawn around the tissue section
using a hydrophobic pen (Dako PAP pen; Glostrup, Denmark). The hybridiza-
tion and wash steps were done as described for the cultured bacterial cells but
with 50 ml of hybridization buffer and 30 ng of probe per tissue section. The PAP
pen circle was removed from the slides with tissue sections by using xylene
solvent.

DAPI staining. To evaluate the proper morphology and the presence of the
bacterial cells where no signal was obtained with probe pmhyb449, DAPI (49,
6–diamidino-2-phenylindole) (Sigma) staining was performed for selected bac-
teria on hybridized slides. Prior to DAPI staining, coverslips were removed and

TABLE 1. Specificity test of oligonucleotide probe pmhyb449 and its complementary non-pmhyb449 probe
labeled by Cy3 with bacteria grown in pure culture

Bacterial straina Bacterial species Animal source
Hybridization signal intensity withb:

pmhyb449 Non-pmhyb449

NCTC 10322T P. multocida subsp. multocida Pig 111 2
214 P. multocida subsp. multocida Calf 111 2
40605-1 P. multocida subsp. multocida Eider 111 2
RA 12/2 P. multocida subsp. multocida Calf 111 2
NCTC 10204T P. multocida subsp. gallicida Cow 111 2
77179 P. multocida subsp. gallicida Chicken 111 2
NCTC 11619T P. multocida subsp. septica Humanc 111 2
5 P. avium biovar 2 Calf 111 2
25 P. canis biovar 2 Calf 111 2
NCTC 11188T P. gallinarum Chicken 2 2
ATCC 43326T P. canis biovar 1 Dog 2 2
F 149T P. anatis Duck 2 2
CCM 5974T Actinobacillus salpingitidis Chicken 2 2
NCTC 4189T A. lignieresii Cow 2 2
P737 Mannheimia glucosida Sheep 2 2
14R525 E. coli Human 2 2
SA 4461 Haemophilus paragallinarum Chicken 2 2
SA 7191 H. paragallinarum Chicken 2 2
4237/2sv Riemerella anatipestifer Duck 2 2
4280/2sv R. anatipestifer Duck 2 2
726-82T Coenonia anatina Duck 2 2
19121pSD S. enterica serotype Gallinarum Chicken 2 2
191101pSD S. enterica serotype Gallinarum Chicken 2 2

a A superscript T indicates the type strain.
b 111, high signal intensity; 2, no signal observed.
c Infection was by means of a cat bite.
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slides were immersed in 99.9% ethanol for 10 min to remove mountant and then
were air dried.

Bacteria were stained with 40 ml of DAPI solution (6 ng/ml)/well for 10 min.
Slides were washed with 100 ml of Milli-Q water in a coplin jar for 10 min and
were air dried prior to epifluorescence microscopy.

Epifluorescence microscopy. A coverslip was mounted on hybridized slides
with the application of a small amount (2 to 3 drops) of paraffin oil (cultured
bacterial cells) or Vectashield oil (Vector Laboratories, Inc., Burlingame, Calif.)
(tissue sections) on the dry slide. Nonfluorescent oil was applied, and slides were
examined using Zeiss filter sets 05, 09, and 15 for visualization of DAPI, fluo-
rescein, and rhodamine (tetramethyl rhodamine isothiocyanate) or Cy3, respec-
tively, using a Zeiss Axioplan II microscope (Oberkochen, Germany) (magnifi-
cation, 31,000) with a 100-W mercury lamp. Filter set XF53 (Omega Optical,
Brattleboro, Vt.) was applied during micrograph photography with an MC 200
Zeiss camera and exposed on Kodak Ektachrome Elite 400 film.

RESULTS

Specificity of the probe sequence. A suitable oligonucleotide
probe, pmhyb449, and its complementary oligonucleotide
probe, non-pmhyb449 (Table 2), were selected based on com-
parison of 16S rRNA sequences specific for P. multocida. The
probe and its complementary probe were initially tested with
fixed bacterial strains. By use of the universal bacterial probe
EUB338, all strains tested were found positive, which showed
that the rRNA in the fixed bacterial cells was accessible for the
probe to bind and give a strong fluorescence signal. Its com-
plementary probe, non-EUB338, did not give any signal. Probe
pmhyb449 was tested on strains of P. multocida and gave good
signals (Table 1 and Fig. 1A) comparable to those of EUB338
labeled with Cy3, while its complementary probe, non-pmhyb449,
did not give any signals with the same bacterial strains. All
other bacteria tested, except P. avium biovar 2 and P. canis
biovar 2, were negative with probe pmhyb449 (Table 1). No
signal was detected with controls, including empty wells, bac-
terial cells only, probe only, cells plus buffer (no probe), and
buffer plus probe (no cells), showing that there was no non-
specific staining.

Optimization of hybridization conditions with fixed bacte-
rial strains. Posthybridization washing with formamide was
evaluated using different formamide concentrations (15, 20, 25,
and 30%) in two steps, where hybridization time was varied

between 5 and 30 min at each step. Ten minutes of washing
time at each step gave the best results without background
noise. By use of 30 or 25% formamide in the second washing
buffer, probe pmhyb449 resulted in weaker signal compared
with that derived with 20% formamide, while under stringency
conditions of hybridization the washing buffer containing 15%
formamide gave a strong signal with P. multocida but weak
signals with other Pasteurella spp. and non-Pasteurella bacteria
at the hybridization temperature of 37°C (data not shown).

The optimum formamide concentration during posthybrid-
ization washing for probe pmhyb449 was found to be 15% in
the first wash and 20% in the second wash using a 10-min
washing period at each step.

Tissue hybridization with probe pmhyb449. The ability of
the pmhyb449 to detect P. multocida in tissues was tested using
chicken lungs from experimentally induced fowl cholera and
normal pig lungs injected with P. multocida.

The specific and narrow fluorescence of probe pmhyb449
distinguished P. multocida bacterial cells by a red fluorescence,
while lung tissue cells fluoresced greenish to brownish and red
blood cells were yellow on examination after ISH (Fig. 1A, B,
and D through I).

In fowl cholera cases, P. multocida was clearly seen within
the lung tissues. However, differences in distribution were ob-
served (Table 3). In early cases (12 h postinfection), most
bacteria were seen in the air capillaries (lumen and wall),
bronchi, parabronchial areas (lumen and interparabronchial
septa), perivascular areas (arterioles), and as masses in ana-
tomically necrotic lung tissues. A few bacteria were also seen in
the infundibulum space linings, pleura, and vascular lumen and
their walls (Table 3). The bacteria appeared small in size (com-
pared to pure culture cells) and were shaped as coccobacilli
and rods and occurred singly, in pairs, in fours, in clusters of
microcolonies (Fig. 1B, D, and E), and as massive colonies.
Twenty-four hours postinfection the bacteria were commonly
present in air capillaries and parabronchial lumen and as
masses of bacteria in necrotic lung tissues and air capillaries.
Low numbers of bacteria were seen in air capillary walls, blood
vessels (lumen and perivascular), infundibulum spaces, and

TABLE 2. Oligonucleotide probe DNA sequence of the P. multocida-specific probe pmhyb449 compared with selected 16S rRNA sequences
of strains of bacteria within the genera Pasteurella, Actinobacillus, and Mannheimia used for ISH

Probe or organism 16S rRNA gene sequencea Accession no. Reference

Probe
pmhyb449 39 CTTCCCTACAACAATTTATC

59 GAAGGGATGTTGTTAAATAG

Organisms
P. multocida subsp. multocida .................... M35018 Unpublished
P. multocida subsp. gallicida .................... AF294412 Unpublished
P. multocida subsp. septica .................... AF294423 Unpublished
P. avium biovar 2 .................... L06085 19
P. canis biovar 2 .................... Unpublished Unpublished
P. canis biovar 1 ......G.A..A..G..... M75049 19
P. gallinarum .....CGGTAGTG.TN.... M75059 19
P. anatis .....CGGTAGTG.T..... M75054 19
P. avium biovar 1 .....TTG.AGTG.T..... M75058 19
A. lignieresii .....TA.CAAA..T..... M75068 19
A. salpingitidis .....TTNA.ATG.T..... L06077 19
M. glucosida .....CGAT.GT..T..... AF053889 6

a A dot indicates that the nucleotide is complementary to that of the probe at the same position.
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FIG. 1. Photomicrographs demonstrating specific detection of P. multocida in pure culture and formalin-fixed lung tissues by use of the FISH
technique. Shown are a pure culture of P. multocida subsp. multocida strain 40605-1 (A) and lung tissue sections of chicken (B, C, D, E, and F)
or pig (G, H, and I) following light microscopy (C) or epifluorescence microscopy (A, B, and D through I) and ISH with the P. multocida-specific
Cy3-labeled probe pmhyb449 (A, B, D, E, G, and H) and a nonsense Cy3-labeled probe, non-pmhyb449 (F and I), used as a control. A normal
chicken lung (C) shows the location of the bacteria detected in cases of fowl cholera with an indication of the parabronchi (1), infundibulum (2),
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respiratory atria. Some bacteria were seen in pairs or in fours
in a ring formation in phagocytic cells (macrophages or het-
erophils) within the parabronchial spaces and blood vessels
and in aggregation of lymphoid tissues within the lung tissues.
At 48 h most bacteria were detected in the air capillaries, air
capillary walls, and infundibulum spaces, and a few were de-
tected on the spiral smooth muscles of the parabronchi (Table
3). Some bacteria were found in a ring formation in phagocytes
(in bronchi and blood vessels) and in lymphoid aggregation
areas of the lung tissue, indicating either phagocytosis or the
presence of circulating phagocytes with bacteria. The role of
these cells in pathogenesis of P. multocida needs further inves-
tigation.

In the pig lung, ISH with probe pmhyb449 clearly detected
P. multocida among tissues and cells of the lung. The bacteria
were found mainly in the alveoli, terminal bronchioles, and
interstitial areas, and a few bacteria were observed in the
bronchi, bronchioles, and terminal bronchioles (Table 3 and
Fig. 1G and H).

Infected as well as noninfected tissues were negative when
hybridized with the non-pmhyb449 probe (Fig. 1F and I). The
inflammatory reaction of the lung tissues in response to the
bacteria did not hinder the binding of the probe in fowl chol-
era. The results of this study indicate that probe pmhyb449 is
suitable for detection and determination of the in vivo local-
ization of P. multocida in tissues.

DISCUSSION

FISH of whole cells with rRNA-targeted oligonucleotide
probes has been extensively used as a tool for specific detection

of bacteria (4, 5, 12, 15, 18, 23, 25, 39). To our knowledge no
FISH procedure has been developed and used for detection or
diagnosis of P. multocida. To aid in diagnosis of infections
caused by P. multocida, a species-specific probe, pmhyb449,
targeting 16S rRNA was designed and used for FISH. The
specificity of this oligonucleotide probe was examined by
whole-cell hybridization against selected species representing
both 16S rRNA clusters described by Dewhirst et al. (19)
outlined within genus Pasteurella sensu stricto as defined by
Mutters et al. (38) and other bacterial species commonly as-
sociated with respiratory tract infections and septicemia in
poultry. The probe was able to differentiate bacteria by at least
four base pair mismatches. Exceptions were P. avium biovar 2
and P. canis biovar 2. These taxa were originally described by
Madsen et al. (34) and subsequently were named by Mutters et
al. (36, 37). Both taxa have been reported from pneumonia in
calves in several countries (8, 9). 16S rRNA sequence studies
of members of the family Pasteurellaceae Pohl 1981, however,
indicated that taxon 13 of Bisgaard should be reinvestigated,
since CCUG 16497 (P. avium biovar 2) clustered with the type
strain of P. multocida and not with P. avium (19). Recently it
was found that the 16S rRNA similarities between P. multocida
and biovar 2 of P. avium and P. canis are greater than 98.6%,
while similarities between P. multocida and biovar 1 of P.
avium and P. canis are 94 and 96%, respectively (data not
shown). However, similarities of organisms based on 16S
rRNA sequence comparison are insufficient per se for species
separation (20). Just as the outlining of species based upon a
few selected DNA-DNA hybridizations might result in uncer-
tain species definitions (6), on this background it appears that
biovar 2 of P. avium and P. canis are misclassified and that
future reclassification will place them with P. multocida. With
this view, probe pmhyb449 is concluded to be specific for P.
multocida.

The ISH assay was used for detection of P. multocida in
formalin-fixed, paraffin-embedded tissues of a pig lung injected
with a pure culture of P. multocida subsp. septica and in lungs
from chickens that developed clinical fowl cholera infection
with P. multocida subsp. multocida. The pmhyb449 probe was
able to detect single cells of P. multocida in situ in the respec-
tive lung tissues, whereas no signal was observed for control
lung tissue sections from noninfected birds that contained no
organisms or infected lung tissues that were hybridized with
the complementary non-pmhyb449 probe.

Methods based on 16S rRNA are advantageous in the de-
tection and identification of microorganisms due to the fact
that each bacterial cell contains multiple copies of the 16S
rRNA that eases its detection, with evolutionarily highly con-
served 16S rRNA regions common to bacteria and other re-
gions which might be species specific (18, 31). 16S rRNA-based
methods allow identification of microorganisms independently

TABLE 3. Results of ISH lung tissues showing the anatomical
location where P. multocida was detected by probe pmhyb449

Tissue source

Bacteria detection ina

Chicken after an
infection period (h) of: Pigb

12 24 48

Bronchi 11 2 2 1c

Parabronchi 11 11 2 11
Interstitium spaces 1 2 2 1
Smooth muscles 2 2 1 1
Infundibulum spaces 1 1 1 NAd

Air capillaries or alveoli spaces 111 11 1 111
Air capillaries or alveolar septa 111 11 1 111
Pleura 1 2 1 2
Vascular areas 1 1 2 2

a 2, no bacteria detected;1, few bacteria detected; 11, moderate number of
bacteria detected; 111, many bacteria detected.

b Bacteria were injected into pig lung postmortem.
c From bronchiole lumen.
d NA, not applicable.

air capillary (3), pleura (4), and arterioles (5) (hematoxylin and eosin stain). Also shown are chicken lung infected with fowl cholera (experimentally
infected with P. multocida subsp. multocida strain 40605-1), with the location of P. multocida cells near two blood vessels (artery and arteriole) (B),
with P. multocida cells within the lumen and the walls of the air capillaries and perivascular space (D), and with P. multocida cells as individual
organisms or as microcolonies (E); a control tissue section hybridized with probe non-pmhyb449 is also shown (F). Also shown is lung of a pig
infected postmortem with P. multocida subsp. septica strain HIM 746-6T showing P. multocida bacteria in the lumen and wall of the alveoli (G),
the area close to the pleura (H), and a control tissue section hybridized with non-pmhyb449 (I). Bars 5 10 mm (A, B, D, E, F, G, H, and I) and
100 mm (C).
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of bacterial growth rates and metabolic activities (31, 44), al-
though cellular ribosomes are more abundant in rapidly grow-
ing bacteria (18). The amount of bound probe is directly cor-
related to the cellular rRNA content, which is dependent on
physiological activity at the time of fixation (4, 24). In cases of
fowl cholera the P. multocida cells could have been highly
active within the lung tissue, as they gave strong signals with
probe pmhyb449. In fast-growing bacteria, the rRNA content
correlates directly with the growth rate (18), although it may
not be valid in the case of slow-growing or starved organisms
(28, 44). Starved and dormant bacteria can, however, be de-
tected with FISH as active bacteria if they still possess rela-
tively high 16S rRNA levels, as reported for S. enterica serovar
Typhimurium (44).

Probe pmhyb449 clearly detected short rods of bacteria in
various parts of the chicken lungs under mild or severe lung
inflammation. In chickens, P. multocida was shown to occur
singly, in aggregates probably representing microcolonies, or in
masses occupying large areas of the lungs. Their individual
morphologies were clearly detected by the pmhyb449 probe, as
reported in similar FISH procedures with other bacteria (4, 18,
24).

There are limitations to the ISH assay, as the test depends
on the number of copies of rRNA in the cell (5) and hence on
the physiological activity of the microorganisms prior to fixa-
tion of samples and as it is restricted to eutrophic environ-
ments such as the lungs of the chickens. Another limitation is
the autofluorescence background of the eucaryotic tissue.
However, in contrast to immunological methods that rely on
the expression of specific antigenic markers which may not be
constant, phenotypic variation does not pose a problem when
rRNA is used as a target (11, 12). Furthermore, the inflam-
matory reactions observed with P. multocida infections during
this study did not hinder the detection of bacteria by FISH.
The stability of the ribosome target allowed for the detection
of single cells even in clinical material as well as identification
in smears of pure culture (39), which correlates with our ob-
servations here.

In their study of P. multocida carriers in commercial poultry
in Denmark, Muhairwa et al. (35) found mouse inoculation to
be more effective in the recovery of this organism than the
commonly used selective media. Yet mouse passage may only
select strains pathogenic for mice. The developed test can offer
a complementary role in active clinical case diagnosis and can
be applied in pathogenesis and pathogenicity studies of P.
multocida.

The probe pmhyb449 is recommended, as our results suggest
that the probe might be applied with advantage to studies of P.
multocida pathogenesis and its infections in poultry, pigs, and
maybe other animals. Furthermore, results can be obtained
quickly, since pure cultures of the bacteria are not needed. It
can also be used to confirm and differentiate P. multocida from
other Pasteurellaceae in culture. The test is simple and can be
applied in most research and diagnostic laboratories.
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