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Naturally-farrowed, artificially-reared pigs as an alternative model
for experimental infection by Haemophilus parasuis
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Abstract

The use of naturally-farrowed, artificially-reared piglets as an alternative model to study Haemophilus parasuis infections was
evaluated. Two trials were performed in order to evaluate the proposed model. In trial 1, animals were vaccinated and
challenged with H. parasuis. Results showed that the proposed model was effectively used to evaluate protective immunity against
this organism. In trial 2, animals were challenged with different doses of H. parasuis. Results showed that the severity of clinical
signs and lesions tended to increase with higher doses. The reproduction of clinical signs and lesions characteristic of
H. parasuis systemic infection was successful in both trials, proving that this model is a viable alternative to specific-pathogen
free and cesarean-derived, colostrum-deprived pigs.

Résumeé

Afin d'étudier les infections causées par Haemophilus parasuis, deux essais ont été effectués afin d’évaluer un modele utilisant des porcelets
nés par voie naturelle et élevés artificiellement. Lors du premier essai, les animaux furent vaccinés et soumis a une infection défi par H. para-
suis. Les résultats ont démontré que le modele proposé permettait d'évaluer I immunité protectrice envers ce micro-organisme. Lors du deuxieme
essai, les animaux furent exposés a différentes doses de H. parasuis. Les résultats ont démontré que la sévérité des signes cliniques et des
lésions avaient tendance a augmenter en fonction de la dose administrée. La reproduction des signes cliniques et des lésions caractéristiques
d’une infection systémique causée par H. parasuis fut un succes dans les deux tentatives, prouvant ainsi que ce modele est une

alternative a I'utilisation de porcs exempts de pathogenes spécifiques, obtenus par césarienne et privés de colostrum.

Haemophilus parasuis is an early colonizer of the upper respiratory
tract of swine. This comensal organism can be found in the nasal
cavity (1,2), tonsillar area (3), and trachea (4) of healthy animals.
Factors involved in systemic invasion or development of protective
immunity by H. parasuis are largely unknown. Reproduction of
systemic infection using naturally colonized animals is frequently
unsuccessful, since these animals appear to develop a cross-
protective immunity against the strains used for challenge. Another
factor that may influence successful experimental infection of
naturally colonized animals with H. parasuis, is the presence of
maternal antibodies. It is known that maternal antibodies generally
start to decrease as animals enter the nursery (5). By this time,
colonized animals start to develop their own immunity against
H. parasuis, which can prevent systemic infection following exper-
imental challenge. Alternative animal models, such as mice and
guinea pigs, have been proposed to study the pathogenesis of
H. parasuis (6,7). Although no lesions were observed in most
inoculated mice, guinea pigs inoculated intramuscularly or in the
lung, developed serositis (6). A greater success in reproducing
systemic infection by H. parasuis has been achieved by using specific-
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pathogen free (SPF) pigs (8-11). However, it is extremely difficult
to find swine herds that are not colonized by H. parasuis.
Cesarean-derived, colostrum-deprived (CDCD) pigs have been
used successfully to study disease caused by H. parasuis (2,12,13). The
major features that make CDCD pigs an ideal model to study
H. parasuis infections are the lack of natural colonization by H. para-
suis and maternal immunity. However, the high costs and workload
involved in obtaining CDCD animals make this model unsuitable
for most studies. The development of an alternative pig model,
that would maintain the immunological and exposure status of
CDCD pigs combined with broad accessibility, would be very
useful when studying H. parasuis infections. In this report, the use
of naturally-farrowed, artificially-reared pigs was evaluated for
experimental reproduction of systemic infection by H. parasuis.
Two trials were performed in order to evaluate the feasibility of
using naturally-farrowed, artificially-reared piglets to study H. para-
suis infections. Naturally-farrowed piglets were obtained and main-
tained as described previously (14), with some modifications. In the
1st trial, 10 piglets were obtained from a Hampshire sow herd
positive for H. parasuis. The sow was closely monitored during
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the days preceding the expected farrowing date (114 to 115 d) in
order to avoid contact between the newly born piglets and the
floor or sow. After the production of milk by the sow was first
observed, the sow was washed using a 2% iodine solution (Land
O’Lakes, Minneapolis, Minnesota, USA). Piglets were collected as
they were born and disinfected using a 70% alcohol solution. The
umbilical cord was disinfected using a 2% iodine solution and
clamped using a navel cord clamp. Each piglet received 10 mg/kg
of gentamicin (Schering-Plough, Kenilworth, New Jersey, USA)
by the oral route in order to prevent Escherichia coli infections.
Piglets were all transferred into a clean and disinfected plastic
box and maintained in the farrowing room until farrowing was
completed. A heat lamp was used to maintain the ideal temperature
for the newborns (between 28 and 32°C). After farrowing was
completed, animals were transferred to a previously cleaned and
disinfected isolation unit. The floor of the room where piglets were
allocated was covered with autoclaved straw and heat lamps were
brought in to provide the ideal environmental conditions for the
newborns. Piglets were immediately fed untreated bovine colostrum
upon entering the isolation unit. The bovine colostrum was warmed
to 37°C and delivered to the piglets using a nurser bottle. The 1st day,
piglets were fed ad libitum at 2-hour intervals from 8:00 am until
10:00 pm. Clean water was available at all times. On days 2 and
3 after birth, piglets were fed a range of 40 to 50 mL of bovine
colostrum per pig, at 2-hour intervals, and received an additional
gentamicin treatment (10 mg/kg, once a day, orally). On days
4 and 5, piglets were fed a mixture containing 50% bovine colostrum
and 50% milk replacer for puppies (Esbilac; PetAg Inc. Hampshire,
Illinois, USA). The interval between feedings was increased to 4 h,
and piglets started to drink off plates. Straw was removed from the
room on day 5 after birth. On days 6 and 7, piglets were fed a
mixture containing 50% milk replacement (Esbilac; PetAg Inc.)
and 50% non-medicated dry food (Theis Research Pig Starter;
Mankato, Minnesota, USA) off plates. After 1 wk, piglets were fed
only dry food, which was initially moistened using tap water and
gradually fed dry. Animals were observed daily for clinical signs.
Treatment with gentamicin was repeated when severe diarrhea
was observed. All antibiotic treatments were interrupted at least 1
wk prior to challenge. If the animals presented severe diarrhea, the
floor of the room was disinfected with 2% iodine solution (Land
O’Lakes) at least once a day to avoid spread of infection.

In order to evaluate the use of naturally-farrowed, artificially-
reared piglets in a vaccine trial, 6 piglets were vaccinated with a
killed vaccine (H. parasuis strain 29775, 1 X 10° CFU/mL, 3 mL dose
by the intramuscular route, using an oil-in-water adjuvant) on
weeks 2 and 4 after birth. Four pigs in the control group were not
vaccinated. Haemophilus parasuis isolation was attempted from
nasal swabs collected from all animals before challenge. The homol-
ogous challenge was performed 2 wk after the 2nd vaccination, at
6 wk of age. All animals were inoculated with 3 mL of a live H. para-
suis culture (strain 29775) containing 1 X 10° CFU/mL, by the
intratracheal route. Necropsy was performed on days 3 and 7 after
challenge. During the necropsy, swabs from the thoracic and
abdominal cavities, brain, and joints were collected for detection of
H. parasuis by isolation and polymerase chain reaction (PCR) (15).

Samples from the brain, lung, pericardium, liver, and spleen were
collected for histology.

The 2nd trial was performed to evaluate how naturally-farrowed,
artificially-reared piglets would respond to different vaccination chal-
lenge doses. The same protocol was repeated, with some modifi-
cations. Twenty-six piglets were obtained from randomly selected
sows from a 5000-sow H. parasuis positive herd, which were farrowed
on the same date. Piglets were processed as described before.
However, disinfection was performed with a biocide (Virkon;
Vétoquinol, Princeville, Quebec), instead of a 70% alcohol solution.
After processing, the piglets were transferred to an isolation unit pre-
viously cleaned and disinfected, at a high security laboratory
(Centro de Investigacion en Sanidad Animal (CISA), Spain). Animals
were maintained in elevated pens, with heated plastic flooring
pads as well as heat lamps. Animals were fed and treated as
described previously. Electrolytes (BioDiet 50; ) were placed in a plate
between feedings and overnight. As bovine colostrum was termi-
nated on day 3, the diet was gradually changed to milk replacement
(Esbilac; Petag Inc.) and dry food (SCA- Startrite 100). Animals
were treated with 10 mg/kg of gentamicin during 3 consecutive days
when diarrhea was observed, and with 3 mg/kg of ceftiofur
(Pharmacia Animal Health, Kalamazoo, Michigan, USA) when
swollen joints were observed. All antibiotic treatments were inter-
rupted 1 wk before challenge. The room was cleaned with biocide
(Virkon; Vétoquinol) once a day. Animals were randomly divided
into 5 groups and inoculated at 3 wk of age with 10, 10%, 108, and
10° CFU/mL by the intratracheal route, using H. parasuis strain 29775.
The control group was inoculated with PBS. Animals were observed
daily for clinical signs after the vaccination challenge. Necropsies
were performed on days 2 and 3 postinfection (PI). During necropsy,
swabs from the thoracic and abdominal cavities, brain, and joints
were collected for H. parasuis isolation and PCR (15). This experiment
was approved by the Institutional Animal Care and Use Committee
(IACUC), University of Minnesota, Minneapolis, Minnesota, USA.

In trial 1, from the 10 animals initially obtained, 5 remained
alive when the vaccination challenge was performed. One animal,
which did not adapt with the feeding on plates, continued to be fed
50% milk replacement (Esbilac; Petag Inc.) and 50% dry food using
a nurser bottle. Despite the efforts to feed this animal, it died
during the 1st wk. The remaining 4 animals died in weeks 2 and 3
after developing vomiting and diarrhea. Escherichia coli was isolated
in pure culture from the peritoneal and thoracic cavities of these
animals. Haemophilus parasuis was not isolated from the nasal
cavities of vaccinated and non-vaccinated animals before challenge.
In week 6, 4 vaccinated animals and 1 non-vaccinated animal were
challenged with H. parasuis. The non-vaccinated control devel-
oped high fever (105°C) and arthritis of the left carpal joint on
day 1 postinoculation (PI). On day 2 PI, this animal developed
severe generalized arthritis and was reluctant to walk. On day 3 PI,
the control pig showed severe central nervous system (CNS) signs,
characterized by prostration and trembling. Vaccinated animals
showed no clinical signs after challenge. The control pig and 2 vac-
cinated pigs were necropsied on day 3 PI. At necropsy, severe
fibrinous polyserositis, arthritis, and meningitis were observed in
the control pig. These lesions were further evaluated and confirmed
by histopathology. Haemophilus parasuis was consistently isolated in

The Canadian Journal of Veterinary Research 147



Table 1. Summary of the results for the challenge of 13 naturally-farrowed, artificially-reared piglets using different doses of

Haemophilus parasuis in the inoculum

Day 1 PI Day 2 PI Day 3 PI
Lesions, Lesions, Lesions,
Group Number of Death or PCR, or Death or PCR, or Death or PCR, or
(inoculum dose) animals euthanasia isolation euthanasia isolation euthanasia isolation
104 CFU/mL 3 0 1 +/+/+ 1@ +/—/+
12 +/=/=
108 CFU/mL 3 1 —/+/+
1 —/+/-
12 +/+/+
108 CFU/mL 3 0 1 +/+/+ 12 +/+/+
12 +/+/+
10° CFU/mL 2 1 +/+/+
1b +/+/+
Control (PBS) 2 0 1b —/=/-= 1° +/—/-

PCR — Polymerase chain reaction
Pl — Postinfection

@ Euthanized due to poor conditions
b Euthanized as scheduled

pure culture from collected samples and all swabs were PCR
positive for H. parasuis. Vaccinated animals showed no lesions at
necropsy and were PCR and culture negative for H. parasuis. One of
the remaining vaccinated animals developed a swollen joint on
day 6 PL The 2 remaining animals were necropsied on day 7 PI. At
necropsy, fibrinous arthritis was observed in the animal that pre-
viously showed clinical signs of arthritis. Escherichia coli was isolated
in pure culture from the affected joint. The 2nd animal showed no
macroscopic lesions. Samples from both animals were PCR and
culture negative for H. parasuis.

In trial 2, from the 26 animals initially obtained, 13 survived
for the vaccination challenge on week 3. On day 6 after birth,
2 piglets developed pustular dermatitis. By day 7, nearly all pigs had
skin lesions characteristic of Staphylococcus infection. On day 8,
1 piglet that was showing severe dermatitis died and
Staphylococcus spp. was isolated in pure culture from cardiac blood.
Another piglet showing severe pustular dermatitis was eutha-
nized on day 8§, 2 piglets died on day 9, and 1 more piglet died on
day 10. On day 10, blood samples from the remaining piglets were
cultured in order to assess the prevalence of systemic infection.
Staphylococcus spp. was isolated in pure culture from 2 of the
21 remaining piglets. On day 14 after birth, 2 piglets died and 1 piglet
was euthanized. At necropsy, these piglets had dry pustules on the
skin and severe subcutaneous edema and colon edema, suggestive
of toxemia by E. coli. No organisms were isolated from peritoneal and
thoracic swabs. On day 15, 3 other animals showed severe subcu-
taneous edema and were euthanized and 2 more animals with
similar symptoms were euthanized on day 16. Escherichia coli and
Staphylococcus spp. were not isolated from these animals. The
experimental design for evaluation of different challenge doses
and results for macroscopic lesions, isolation and PCR are sum-
marized in Table I. Nine of the 11 inoculated animals developed
lesions characteristic of H. parasuis infection. Haemophilus parasuis

was isolated from 9 animals and all inoculated animals were PCR
positive. The control animals did not develop any clinical signs. One
of the control animals showed a small adhesion in the pericardium.
However, both control animals were negative for H. parasuis using
isolation and PCR methods of detection.

The use of naturally-farrowed, artificially-reared pigs as an
alternative model to study H. parasuis infections was evaluated.
Results from trial 1 showed that the non-vaccinated pig inocu-
lated with H. parasuis strain 29775 developed systemic disease
after challenge, which was confirmed by the presence of lesions, PCR,
or isolation. Results from trial 2 showed that all challenged pigs were
systemically infected, based on clinical signs, lesions, PCR and
H. parasuis isolation. Performance of the 2 described trials demon-
strated the feasibility of using the proposed model in vaccine and
pathogenesis studies.

The success of obtaining naturally-farrowed, artificially-reared
piglets was dependent on several critical factors. The intensive
feeding regimen that was adopted prevented dehydration, caused
on occasion by the transport of piglets from the farm to the isolation
units, and reduced mortality of piglets reluctant to eat off plates.
Strict hygiene reduced cross-contamination of piglets during
episodes of diarrhea. The constant evaluation of clinical signs and
immediate treatment also helped to improve the survival rate. We
have previously attempted to raise piglets using only a milk replacer
(Esbilac; Petag Inc.). The mortality rates reached 80 to 90% during
the 1st wk. Piglets rapidly succumbed to severe vomiting and
diarrhea 4 d after birth. The use of bovine colostrum improved
the survival rate of artificially-reared piglets considerably and
significantly reduced the onset of vomiting and diarrhea. These
results are in accordance with previous reports (14,16,17).

Considering the adopted protocols and described outcomes, it
can be concluded that different groups of pigs raised in different con-
ditions may be more susceptible to different sets of agents. The
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major cause of death in trial 1 was diarrhea caused by E. coli.
Preventative treatment of animals with gentamicin might have
reduced, but not prevented, colonization by E. coli. One vaccinated
animal, which had suffered previous episodes of diarrhea, developed
arthritis due to an E. coli infection after the vaccination challenge with
H. parasuis. Although this animal did not develop systemic infection
by H. parasuis, the stress of challenge may have precipitated the
E. coli infection.

Some diarrhea was also observed in trial 2. However, the major
causes of death in this group were severe dermatitis followed by
systemic infection by Staphylococcus spp. and toxemia by E. coli,
which was characterized by severe subcutaneous and colon edema.
The excessive cleaning of piglets due to their diarrhea may have
resulted in an imbalance of the normal flora of the skin, which
facilitated the observed dermatitis. Young animals are particu-
larly susceptible to dermatitis caused by Staphylococcus spp.
However, systemic infections by this agent are extremely rare (18).
The naive status of the artificially-reared piglets combined with the
lack of maternal immunity makes these animals highly susceptible
to systemic infections. Edema were observed when the diet offered
to the animals was changed to completely dry food. The high
consumption, together with the high protein content in the dry
food could have facilitated the development of toxemia by E. coli.

All of the animals developed systemic disease. Individual
differences were observed regarding the development of clinical
signs and lesions due to H. parasuis infection, within and between
groups. Two out of 3 animals inoculated with 106 CFU/mL and 1 out
of 2 animals inoculated with 10° CFU/mL died on day 1 PI. One of
the animals inoculated with 10° CFU/mL did not develop a fever or
clinical signs after challenge. Animals inoculated with 108 CFU/mL
developed delayed systemic infections compared with animals
inoculated with 10° CFU/mL. Similarly, Amano et al (11) did not find
any major differences when SPF pigs were experimentally inoculated
with 105, 108, and 107 CFU/mL. The ideal dose used for reproduc-
tion of H. parasuis infections depends on the characteristics of the
study of interest. However, one should be aware of the possibility
of different responses among animals inoculated with similar
doses. One of the factors that should be considered regarding these
differences is the use of antibiotics. Although animals received
antibiotics before challenge, all treatments were terminated 1 wk
before challenge, as instructed by the manufacturer. One week
before challenge, animals that still required further treatment were
euthanized.

The naturally-farrowed, artificially-reared pig model can be
used to produce H. parasuis-free piglets even when obtained from
H. parasuis-positive herds. Although the model proved suitable
for H. parasuis studies, it requires further refinements in order to
minimize the excessive prechallenge death losses that were expe-
rienced in these trials. This model is currently being used in the CISA
to study the pathogenesis of H. parasuis systemic infection. The
survival rate of naturally-farrowed, artificially-reared pigs has
now been improved to 80%.
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