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Andreasen M, Baekbo P, Nielsen JP: Effect of aerial ammonia on porcine infection
of the respiratory tract with toxigenic Pasteurella multocida. Acta vet scand. 1999,
40, 197-203. — The objective of the experimental study was to examine whether aerial
ammonia alone could predispose the respiratory system of pigs to infection with toxi-
genic Pasteurella multocida type A. Two groups of 5 pigs each were continuously ex-
posed to 50 ppm ammonia and less than 5 ppm ammonia, respectively, for a 59-day pe-
riod (from 37 kg to 90 kg bodyweight) followed by necropsy. In an aerosol chamber all
pigs were exposed to an aerosol of toxigenic P multocida type A (mean bacterial con-
centration in the aerosol-exposure chamber: 105 colony forming units/m>; exposure pe-
riod: 25 min) at day 10, 21, 35 and 49 after the onset of ammonia exposure.

During the experiment none of the pigs showed clinical signs of pneumonia nor did they
develop visible distortion of the snout. None of the pigs had gross lesions in the lungs
at necropsy and toxigenic P multocida was not detected by culture from the lungs from
any of the pigs. The chance of recovering toxigenic P multocida from nasal swabs (col-
lected during experiment) was 2- 4 times greater in the test group compared to the con-
trol group. The average daily weight gain was lower for the ammonia exposed pigs com-
pared to the control group.

In conclusion the results from this study suggest that ammonia in concentrations of 50
ppm is unlikely to predispose growing pigs to pulmonary infection with toxigenic P
multocida.

pigs; respiratory disease; aerosol exposure; nasal colonisation; weight gain.

Introduction

Pasteurella multocida is a common secondary
pathogen in swine pneumonia and is normally
considered incapable of colonising the lungs
unless some predisposing damage has occurred
(Ciprian et al. 1994). Also, colonisation of the
nasal cavity is poor unless there is a pre-exist-
ing mucosal damage, which may be of chemi-
cal (eg. acetic acid) or infectious nature (e.g.
Bordetella bronchiseptica) (De Jong 1992,

Chanter & Rutter 1989). Studies have shown
that ammonia can cause alterations in the respi-
ratory tract and thus may interfere with the mu-
cociliary clearance or alveolar phagocytosis
and facilitate further colonisation and damage
by pathogenic bacteria such as P multocida
(Robinson et al. 1990, Done 1991).

The P multocida toxin (PMT) produced by
some strains is known to be of crucial signifi-
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cance in the pathogenesis of progressive at-
rophic rhinitis (De Jong 1992, Chanter & Rut-
ter 1989), although it may not enhance the pul-
monary pathogenicity of P multocida (Bawkbo
1988). A few hours of exposure to aerial am-
monia at concentrations of 50 and 100 ppm re-
duces the systemic and local resistance to in-
fection with P multocida type A in the lungs of
nursing piglets (Neumann et al. 1987).

The objective of the experimental study re-
ported here was to examine whether aerial am-
monia alone could predispose the respiratory
system to infection with toxigenic P multocida
type A. Pigs were exposed to ammonia for the
duration of the grower-fattening period. This is
known to be the period where natural infection
is most common (Pijoan 1992).

Materials and methods

Experimental design

The experiment included 10 Landrace X Large
White pigs obtained from a specific-pathogen-
free herd free from Mvcoplasma hyopneumo-
niae, toxigenic strains of P multocida and Acti-
nobacillus pleuropneumoniae. On arrival at the
experimental facilities, the pigs were weighed
(average weight: 24 kg), dewormed, bled,
marked with individual ear tags, and nasal
swabs were taken. The animals were randomly
assigned to 2 groups of 5 isolated from each
other in 2 ammonia-exposure rooms. Following
a 17-day adjustment period, the ammonia-expo-
sure regimens were started and continued until
the pigs were euthanized 59 days later. The test
group was continuously exposed to 50 ppm
10 ppm of aerial ammonia while the control
group only experienced naturally occurring
ammonia (below 5 ppm). Ten, 21, 35 and 49
days after the onset of ammonia exposure, all
pigs were exposed to an aerosol of toxigenic P
multocida type A.

Every week, pigs were bled and every second
week their body weights were recorded and
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nasal swabs taken. Clinical signs of disease
were recorded and the rectal temperature was
measured when indicated. Feed consumption
was recorded daily in each room. All pigs were
fed ad lib. with a fortified pelleted corn/soy-
bean-meal formula containing 19% crude pro-
tein with no antibiotics added.

One week after the last aerosol exposure, the
pigs were killed and subjected to gross exami-
nation by necropsy. Samples were collected
from the lung (areas of consolidation if any,
otherwise from the ventral part of the cranial
and middle lobe), kidney, conchae (swab) and
tonsils.

Ammonia exposure

The 2 ammonia-exposure rooms were identical,
each with a 9.9 m? solid concrete floor with
straw bedding. Positive-pressure fans ventilated
the rooms and the temperature was controlled
by thermostat (19°C F 4°C). Ammonia
(99.2% purity) was administered as a com-
pressed gas from a cylinder. The supply to the
test units was controlled by automatic gas mon-
itors (Gastech model 4440; GasTech Inc., Hol-
land) connected to pilot valves (Type CVK,
Danfoss, Denmark), which were attached to the
gas cylinders. The gas detector was placed on
the wall at a position, which, by measurements
with gas detection tubes (Drager Teknik A/S,
Denmark), was representative for the concen-
tration at pig level.

The concentration of ammonia measured by the
gas monitors was continuously recorded and
stored by a data recorder (Miniscript K, Me-
trawatt GMBH, Germany). To ensure that the
ammonia was distributed evenly in the rooms,
fans were placed in the ceiling and behind the
gas cylinders. The concentration of ammonia
was double-checked regularly with gas detec-
tion tubes.

Temperature and relative humidity were mea-
sured continuously by a thermohydrograph.
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Bacterial inoculum

For the aerosol a lyophilized strain of toxigenic
P, multocida type A (strain number PB1), orig-
inally isolated from the lungs of a pig with
pneumonia (Bwkbo 1986), was reconstituted
and passaged twice on solid bovine blood agar
plates (37°C for 24 h). The bacterial culture
was washed from the plates with sterile saline
solution. Using 10-fold dilutions the bacterial
concentration was measured to be 1.2X108,
2.7X10%, 7.5X108 and 11.0X10® cfu/ml, re-
spectively, at the 4 times of exposure.

Exposure of pigs to Aerosolized microorgan-
isms

The aerosol chamber consisted of a wooden
box (200X90X91 cm). Admittance to the box
was through a gate in the side. Pigs were
aerosolized in groups of 5 and placed in the
chamber immediately before the start of inocu-
lation. The bacterial suspension was transferred
to a Collison nebulizer (BGI INCORPO-
RATED, Mass.; particle size 1.8 um). Com-
pressed air (3.5 Barr) generated by a compres-
sor (Air 50, ARDUA, Denmark) was used to
aerosolize the suspension after having been fil-
tered through a microfilter and an active carbon
filter. The aerosol was released into the cham-
ber through an opening in the side. In the ceil-
ing of the chamber a hepafilter was connected
to a fan pump for ventilation.

To generate the P multocida aerosols the nebu-
liser was operated for 20 min, during which ap-
proximately 12 ml of the bacterial suspension
were aerosolized. After the nebulizer was
stopped, the pigs were retained in the chamber
for 5 more min, during which the bacterial con-
tent of the chamber air was reduced by ventila-
tion.

Fifteen min after the start of exposure, a 2-stage
Andersen air sampler (Gillespie et al. 1981)
was connected to an opening in the floor of the
chamber. The sampler was operated for 4 sec,

corresponding to 1.5 liters of sampled air.
Bovine blood agar plates with addition of baci-
tracin (3.5 pg/ml) and neomycin sulphate (2.0
ug/ml) were used in the air sampler (Nielsen et
al. 1991).

Serological assays and bacteriological exami-
nations

Blood samples were drawn from the anterior
vena cava by venipuncture into test tubes con-
taining a clotting factor. Serum was harvested
by centrifugation at 1200 G for 5 min and
stored at —18 °C until testing for the presence of
antibodies to PMT and M. hyopneumoniae.
The samples were analysed for anti-PMT and
anti-M. hyopneumoniae antibodies by enzyme-
linked immunosorbent assays (ELISA) (Foged
et al. 1989, Feld et al. 1992). Samples were
considered positive if the binding of antibodies
was inhibited by 50 per cent or more.

Nasal swabs and biopsies from the lung, kid-
neys and tonsils were cultured for B. bron-
chiseptica and P multocida and tested for PMT
as previously described (Nielsen et al. 1991).
Agar plates from the Andersen sampler were
incubated for 24 h at 37 °C and the number of P
multocida colonies was counted.

Statistical analysis

Crude relative risks with 95% confidence inter-
vals were estimated (Dean et al. 1995) to mea-
sure the strength of association between expo-
sure to ammonia and the frequency of
reisolation of P multocida from nasal swabs,
tonsils and lungs, respectively. The average
daily weight gain (ADG) was estimated from
the day of launching the ammonia exposure
(avg. weight: 37 kg) until the day of slaughter
(avg. weight: 90 kg). The differences in weight
gain between exposure groups were tested in an
analysis of variance (Statistical Analysis Sys-
tems Institute 1990). The level of significance
was set at a value of p = 0.05.
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Results

The average relative humidity (RR) in the com-
partments was 75% (min.: 65% RR; max.: 85%
RR). The average temperature was 20 °C (min:
18 °C; max: 21 °C).

None of the pigs showed clinical signs of pneu-
monia during the experiment. Three to 4 days
after the start of ammonia exposure, exposed
pigs showed minor conjunctival irritation in-
cluding excessive lacrimation. Sneezing was
rarely observed in any of the groups, and none
of the pigs developed visible distortion of the
snout.

At the start of the experiment, all pigs were
found seronegative to PMT, and through the ex-
periment all sera were found negative to M. hy-
opneumoniae. One control pig seroconverted to
PMT after the last aerosol exposure, and one
test pig had OD values very close to the cut-off.
None of the pigs had gross lesions in the lungs
at necropsy.

Samples taken during the aerosol exposure pe-
riods showed a bacterial concentration of 10°
colony-forming units per m? in the aerosol-ex-
posure chamber.

Results from the bacteriological examination
for toxigenic P multocida from nasal swabs col-
lected during experiment, kidney, lung, tonsils
and conchae (post mortem) are given in Table 1.
The chance of recovering toxigenic P multo-
cida from the third and fourth nasal swabs, re-
spectively, was 2 and 4 times greater in pigs ex-
posed to 50 ppm ammonia compared to the
control group. Nasal swabs were examined for
the presence of B. bronchiseptica at necropsy
and all 10 pigs were found positive.

The average daily weight gain was 946 + 161
g/day (control group) and 869 g/day + 130
g/day (test group). The feed conversion was 476
g/kg feed (control group) and 385 g/kg feed
(test group). There was no significant differ-
ence in the daily weight gain (p = 0.41) of the 2
groups.
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Discussion

The concentrations of ammonia used in this
study exceeded those normally found in Danish
swine herds. Thus, in the finishing units of Dan-
ish farms mean concentrations of ammonia of 9
to 14 ppm have been detected (Bakbo 1990,
Pedersen et al. 1996). Likewise, the concentra-
tion of toxigenic P multocida in the aerosol
chamber was measured to be 105 CFU/m3,
which is much higher than the maximum of
48 CFU/m? found in the fattening units of
44 Danish swine herds (Bakbo & Nielsen
1988).

In our study aerial concentrations of 50 ppm
ammonia alone did not predispose growing
pigs for lung infection with P multocida. None
of the test pigs showed symptoms of pneumonia
and, at necropsy, no macroscopic pneumonic
lesions could be detected, nor could P multo-
cida be cultured from the lungs of any of the
pigs. This is inconsistent with an earlier study
indicating that few h of exposure to ammonia
levels of 50 and 100 ppm reduce the systemic
and local resistance to infection with P multo-
cida in the lungs of unweaned piglets (Neu-
mann et al. 1987). However, the use of different
age groups of pigs and a different strain of P
multocida may account for the observed differ-
ences.

The exposure to 50 ppm ammonia appeared to
increase the recovery of toxigenic P multocida
from nasal swabs taken after the last 2 inocula-
tions. Because the number of pigs included in
our study was small, the increased recovery was
not statistically significant, and the results
should be interpreted with caution. Hamilton et
al. (1996) found that exposure to ammonia
caused an increase in the number of P multo-
cida organisms isolated from the nasal epithe-
lium of 6-week-old piglets, reaching a plateau
between 10 ppm and 25 ppm but decreasing to
almost no effect at 50 ppm. Recent long-term
exposure studies have shown an increase in the
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Table 1. Recovery of toxigenic Pasteurelle multocida from nasal swabs, tonsils, lungs and kidneys.

Group
Tissue <5 ppm* 50 ppm* cRR 95% CI
Nas 1 0/5 0/5 - -
Nas 2 0/5 2/5 (26, 30) - -
Nas 3 1/5 (29) 2/5 (26, 30) 2.00 (0.26-15.62)
Nas 4 1/5 (29) 4/5 (26, 27, 30, 35) 4.00 (0.66-24.37)
Conchae 2/5 (30, 43) 3/5 (26, 35, 39) 1.50 (0.41-5.45)
Tonsil 2/5 (28, 43) 3/5 (26, 27, 35) 1.50 (0.41-5.45)
Lung 0/5 0/5 - -
Kidney 0/5 0/5 - -

Nas 1= Nasal swab, arrival.

Nas 2, 3, 4 = Nasal swabs 1 week following Pasteurella multocida inoculation.

cRR = Crude Relative Risk.
CI = Confidence Interval.

* Data are expressed as No. of positive samples/No. of samples.
Brackets = The identification-number of those pigs from which toxigenic P multocida could be isolated.

colonization by P multocida on the nasal
turbinate at 20 ppm of aerial ammonia (Hamil-
ton et al. 1998).

In our study the mean daily weight gain was 80
grams higher among non-exposed pigs com-
pared to the pigs exposed to ammonia. This dif-
ference in growth performance was not statisti-
cally significant. Due to the shared feeding of
pigs, which gives high standard deviations for
daily weight gain, and due to the low number of
observations a statistical difference could not
be expected within the study. Curtis et al.
(1975) found no effect on the gain of body
weight in healthy, weaned pigs exposed to 50
ppm ammonia for a period up to 40 days.

The number of viable P multocida recovered
from the air in the aerosol chamber was much
lower than the number present in the suspension
used for nebulizing. A similar finding was re-
ported by Jacobsen et al. (1996) who used a
similar aerosol chamber for virulence studies of
A. pleuropneumoniae. The decrease may both
be due to condensation of aerosol on the inner
surfaces of the aerosol chamber, factors reduc-
ing the viability of the infective organisms

(Thomson et al. 1992) and due to inhalation by
the exposed pigs.

Since the results from this study suggest that
ammonia alone is unlikely to predispose the
lungs to infection with P multocida, further in-
vestigations should focus on the relevance of
the combined effect of ammonia, P multocida
and M. hyopneumoniae in the pathogenesis of
pneumonia. M. hyopneumoniae is well-known
to predispose the lungs to infection with P mul-
tocida (Ciprian et al. 1994).

Acknowledgements

This experiment was supported by Novo Fonden,
Bernhard Bangs Mindefond, Forsegsleder R. Nortoft
Thomsens legat til fremme af dansk husdyrbrugs-
forskning, Astrid og H. Zehngraffs Legat, Upjohns
Jordbrugsvidenskabelige Fond. The authors thank
the Department of Clinical Studies, Royal Veterinary
and Agricultural University, for the housing of pigs
and technical assistance. Thanks are due to professor
Knud Nielsen for valuable discussion.

Acta vet. scand. vol. 40 no. 3, 1999



202 M. Andreasen et al.

References

Baekbo P: Toxigenic Pasteurella multocida isolated
from pneumonic lesions in Swine. Studies on the
pathogenic properties of toxin producing strains.
Proc. Int. Congr. Pig. Vet. Soc., Barcelona, 1986,
p. 230.

Beekbo P: Pathogenic properties of Pasteurella mul-
tocida in the lungs of pigs. The significance of
toxin production. Proc. Int. Congr. Pig. Vet. Soc.,
Rio de Janeiro, 1988, p.58.

Beekbo P: Air quality in Danish pig herds. Proc. Int.
Congr. Pig. Vet. Soc., Lausanne, 1990, p.395.
Beekbo P Nielsen JP: Airborne Pasteurella multo-
cida in pig fattening units. Proc. Int. Congr. Pig.

Vet. Soc., Rio de Janciro, 1988, p.51.

Chanter N, Rutter JM: Pasteurellosis in pigs and the
determinants of virulence of toxigenic Pas-
teurella multocida. In: Adlam, C., Rutter, JM.
(eds.) Pasteurella and Pasteurellosis. Academic
Press, London. 1989, pp 161-195.

Ciprian A, Cruz TA, de la Garza M: Mycoplasma hy-
opneumoniae: Interaction with other agents in
the pigs, and evaluation of immunogens. Arch.
Mecd. Res. 1994, 25, 235-239.

Curtis SE, Anderson CR, Simon J, Jensen AH, Day
DL, Kelley KW: Effects of aerial ammonia, hy-
drogen sulfide and swine-house dust on rate of
gain and respiratory-tract structure in swine. J.
Anim. Sci. 1975, 41, 735-739.

De Jong MF: (Progressive) Atrophic Rhinitis. In: Le-
man AD, Straw BE, Mengeling WL, D’ Allaire S,
Taylor DJ (eds.): Diseases of Swine, 7th ed, lowa
State University Press, Ames, lowa. 1992, pp
414-435.

Dean AG, Dean JA, Coulombier D, Brendel KA,
Smith DC, Burton AH, Dicker RC, Sullivan K,
Fagan RF, Arner TG: Epi Info, Version 6: A
Word-Processing, Databasc, and Statistics Pro-
gram for Public Health on IBM-compatible Mi-
crocomputers. Centers for Disease Control and
Prevention, Atlanta, Georgia, U.S.A., 1995.

Done SH: Environmental factors affecting the sever-
ity of pneumonia in pigs. Vet. Rec. 1991, 126,
582-586.

Feld NC, Quist P Ahrens P, Friis NF, Meyling A: A
monoclonal blocking ELISA detecting serum an-
tibodies to Mycoplasma hyopneumoniae. Vet.
Microbiol. 1992, 30, 35-46.

Foged NT, Nielsen JP. Jorsal SE: Protection against
progressive atrophic rhinitis by vaccination with
Pasteurella multocida toxin purified by mono-
clonal antibodies. Vet. Rec. 1989, 125, 7-11.

Acta vet. scand. vol. 40 no. 3, 1999

Gillespie VL, Clark CS, Bjornson HS, Samuels SJ,
Holland JW: A comparison of two-stage and six-
stage Andersen impactors for viable aerosols.
Am. Ind. Hyg. Assoc. J. 1981, 42, 858-864.

Hamilton TDC, Roe JM, Webster AJF: Synergistic
role of gaseous ammonia in etiology of Pas-
teurella multocida-induced atrophic rhinitis in
swine. J. Clin. Microbiol. 1996, 34, 2185-2190.

Hamilton TDC, Roe JM, Hayes CM, Webster AJF:
Effects of ammonia inhalation and acetic pre-
treatment on colonization kinetics of toxigenic
Pasteurella multocida within upper respiratory
tracts of swine. J. Clin. Microbiol. 1998, 36,
1260-1265.

Jacobsen MJ, Nielsen JR. Nielsen R: Comparison of
virulence of different Actinobacillus pleuropneu-
moniae serotypes and biotypes using an aerosol
infection model. Vet. Microbiol. 1996, 49, 159-
168.

Neumann R, Mehlhorn G, Buchholz I, Johannsen U,
Schimmel D: Experimentelle Untersuchungen
zur Wirkung ciner chronishen aerogenen Schad-
gasbelastung des Saugferkels mit Ammoniak un-
terschiedlicher Konzentrationen. I1. Die Reaktion
zelluldrer und humoraler Infektionsabwehrmech-
anismen NH3-eksponierter Saugferkel unter den
Bedingungen ciner experimentellen Pasteurella
multocida Infcktion mit und ohne thermomo-
torische Belastung. (Experimental studies of the
cffect of chronic aerogenous toxic gas exposure
of unweaned piglets with ammonia of various
concentration II. Reaction of cellular and hu-
moral infection defence mechanisms of ammonia
exposed unweaned piglets under conditions of
experimental Pasteurelle multocide infection
with and without thermo-motor stress). J. Vet.
Med. B 1987, 34, 241-253.

Nielsen JP. Foged NT, Sorensen V, Barfod K, Bording
A, Petersen SK: Vaccination against progressive
atrophic rhinitis with a recombinant Pasteurella
multocida toxin derivative. Can. J. Vet. Res.
1991, 55, 128-138.

Pedersen S, Takai H, Johnsen J, Birch H: Ammoniak
og stev i kvaeg-, svine- og fjerkrestalde (Ammo-
nia and dust in cattle-, swine- and poultrybarns),
II. Internal Report, Forskningscenter Foulum,
Denmark, 1996.

Pijoan C: Pncumonic pasteurellosis. In: Leman, AD,
Straw BE, Mengeling WL, D’Allaire S, Taylor
DJ (eds.): Diseases of Swine, 7th ed, Iowa State
University Press, Ames, lowa. 1992, pp. 552-559.

Robinson FR, Conrad DA, Teclaw RF, Thacker HL:



Effect of aerial ammonia on infection with Pasteurella multocida 203

Pathologic response of the lung to irritant gases.
Vet. Hum. Toxicol. 1990, 32, 569-572.

Statistical Analysis Systems Institute: SAS/STAT
User’s Guide, Release 6.03 edn., Cary, NC, 1990.

Thomson CMA, Chanter N, Wathes CM: Survival of
toxigenic Pasteurella multocida in aerosols and
aqueous liquids. Appl. Environ. Microbiol.1992,
58, 932-936.

Sammendrag

Eksperimentelt infektionsforseg til belysning af om
aerogen ammoniak alene kan preedisponere slagte-
svin for luftvejsinfektion med toxinproducerende Pa-
steurella multocida.

Formadlet med det beskrevne eksperimentelle forseg
var at undersoge, om eksponering for 50 ppm ammo-
niak kan disponere slagtesvin for lungeinfektion med
Pasteurella multocida. To grupper a 5 grise blev i 59
dage (fra 37 kg til 90 kg legemsveaegt) eksponeret
kontinuerligt for henholdsvis 50 ppm ammoniak og

mindre end 5 ppm ammoniak (kontrolgruppe).Ti, 21,
35 og 49 dage efter starten pA ammoniak eksponering
blev grisene i et specielt designet aerosolkammer ud-
sat for en aerosol (gennemsnitlig aerosolkoncentra-
tion: 10° CFU toxinproducerende P multocida type

A per m?). Hver anden uge blev grisene vejet, og
nasesvabre udtaget. Grisene blev aflivet og obduc-
eret en uge efter den sidste aerosolisering.

Ingen af grisene udviste kliniske symptomer pé
pneumoni eller nysesyge. Ved obduktion var alle
grise uden pneumoniske forandringer, og toxinpro-
ducerende P multocida kunne ikke isoleres fra
lungerne. Sammenlignet med kontrolgruppen var der
mod slutningen af forseget iblandt forsegsgrisene en
oget chance for at isolere toxinproducerende P mul-
tocida fra nesesvabre. Den daglige tilvakst var i
forsegsgruppen lavere end i kontrolgruppen.
Undersogelsen konkluderer, at eksponering for 50
ppm ammoniak formodentlig ikke kan pradisponere
ung- og slagtesvin for lungeinfektion med toxinpro-
ducerende P multocida.
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