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I n t r o d u c t i o n
Development of infectious disease in animals is attributed to the 

environment, the pathogenicity of the microbe, and a range of host 
factors. The environment plays an important role in the outcome of 
pathogen and host interactions, and differences in microbe pathoge-

nicity exist that are important in causing clinical signs and lesions. 
Host-microbe interactions are complex and influenced by multiple 
factors such as the age of the host, the presence of passive immunity 
(antibodies), innate and acquired immunity, and concurrent infec-
tions (1–6). Many of these factors can be controlled in experimental 
infections, but interestingly, it is not uncommon to observe that some 
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A b s t r a c t
In animal breeding programs, deoxyribonucleic acid (DNA) markers can be used to identify sires that are less susceptible to 
disease. These DNA markers are typically discovered in populations that display differences in susceptibility. To find those 
differences, it was hypothesized that sires influence their offspring responses to infection with H. parasuis. To identify differences 
in susceptibility, colostrum-deprived pigs derived from 6 sires were inoculated with a virulent strain of H. parasuis serovar 5. 
Pigs were infected at 21-d of age and euthanized 1, 2, or 3 days post-infection. Rectal temperatures, bacterial detection, clinical 
signs, and lesions were measured by comparing disease susceptibility in the offspring from each sire. The effect of the sire on 
the severity of disease in the offspring was statistically analyzed using to a 2-way ANOVA with sire and test day as fixed effects. 
Significant differences among sires were found for lesions, rectal temperatures from days 0–1 and 0–2 (P , 0.05) and marginal 
effects for clinical signs (P = 0.08). On average, the offspring of sire H94 was the most susceptible to challenge. Responses to 
infection were categorized to determine the clinical responses and analyzed by Chi square. Overall, 10% of all pigs infected 
were fully resistant to H. parasuis infection. Boar H94 didn’t produce any fully resistant offspring. Differences in susceptibility 
to H. parasuis were observed, and the results support the hypothesis that sires influence their offspring’s response to infection. 
Tissues from this population could be used to identify DNA markers for genetic selection of sires that produce offspring more 
resistant to H. parasuis infection.

R é s u m é
Dans les programmes de reproduction animale, les marqueurs ADN peuvent être utilisés pour identifier les géniteurs qui sont moins 
susceptibles à la maladie. Ces marqueurs ADN sont typiquement découverts dans des populations qui présentent des susceptibilités 
différentes. Pour trouver ces différences, l’hypothèse a été émise que les géniteurs influencent la réponse de leurs rejetons à une infection par 
Haemophilus parasuis. Afin d’identifier ces différences dans la susceptibilité, des porcs privés de colostrum et provenant de 6 géniteurs 
ont été inoculés avec une souche virulente de H. parasuis sérovar 5. Les porcs ont été infectés à 21 jours d’âge et euthanasiés 1, 2 et 3 jours 
post-infection. La température rectale, la détection bactérienne, les signes cliniques et les lésions ont été mesurés en comparant la susceptibilité 
à la maladie chez les rejetons de chaque géniteur. L’effet du géniteur sur la sévérité de la maladie chez les rejetons a été analysé à l’aide d’un 
test ANOVA à 2 voies avec le géniteur et le jour du test comme effets fixés. Des différences significatives entre les géniteurs ont été trouvées 
pour les lésions, la température rectale pour les jours 0 à 1 et 0 à 2 (P , 0,05) et des effets marginaux pour les signes cliniques (P = 0,08). 
En moyenne, les rejetons du géniteur H94 étaient les plus susceptibles à une infection. Les réponses à l’infection étaient caractérisées afin 
de déterminer les réponses cliniques et analyser le tout par un test de Chi carré. De manière globale, 10 % de tous les porcs infectés étaient 
complètement résistants à l’infection par H. parasuis. Le verrat H94 n’a pas eu de rejeton complètement résistant. Des différences dans la 
susceptibilité à H. parasuis ont été observées, et les résultats confirment l’hypothèse que les géniteurs influencent la réponse à une infection 
de leur rejeton. Les tissus de cette population pourraient être utilisés afin d’identifier les marqueurs ADN pour une sélection génétique des 
géniteurs qui produisent des rejetons plus résistants à l’infection par H. parasuis.
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animals develop disease while others do not express disease under 
identical challenge environments (7). It has become clear that fac-
tors inherent to the host influence disease susceptibility even in the 
presence of virulent microbes. The role of host genetic factors and 
their importance in the development of disease have been reported 
for various animal species including swine (8–19).

Haemophilus parasuis, a Gram-negative bacterium, is one of the 
earliest and most prevalent colonizers of piglets in the farrowing 
house and a common isolate from nasal secretions in pigs (3). Disease 
caused by H. parasuis continues to be one of the significant bacterial 
infections in nursery and finishing pigs in multisite systems and it 
is becoming increasingly important as those systems are expanded 
(3,20). In the Americas, Glässer’s disease or polyserositis caused by 
H. parasuis is a disease common in nearly all farms and particularly 
in high health herds. Current management and vaccination strategies 
often do not work, and alternative control methods are necessary 
(20). The presentation of H. parasuis infection ranges from a subclini-
cal infection to severe classic Glässer’s disease, which manifests as 
polyserositis, septicemia, arthritis, and meningitis (3,20). Although 
some H. parasuis strains are known to cause pneumonia (20), the pres-
ence of H. parasuis in the lung is generally thought to be secondary to 
other primary pathogens (21,22). Infections with porcine reproduc-
tive and respiratory syndrome virus (PRRSV) in young piglets are 
frequently associated with secondary infections including H. parasuis 
(22). Haemophilus parasuis has been reported in association with 32% 
of cases of postweaning multisystemic wasting syndrome (PMWS) 
(21). These examples illustrate how this bacterium coexists with the 
most relevant syndromes that the swine industry faces today.

It was hypothesized that the genetic makeup of the sire influences 
the outcome of experimental infections when progenies are infected 
with H. parasuis. To determine if the genetics of the pig has influ-
ence on the susceptibility to infection, the development of disease 
was assessed in animals derived from related boars with similar 
genetic background. Genetic influences are easier to assess in boars 
because multiple litters can be analyzed, traits can be measured in a 
short time frame, and differences between sires are separated from 
maternal effects on litters.

M a t e r i a l s  a n d  m e t h o d s

Animal infections and experimental design
Two hundred colostrum-deprived (CD) pigs born on a commercial 

farm in Spain were used for experimental challenge studies. Groups 
of 20 pigs originating from 2 different sires were used during each 
of the 10 consecutive experiments. A total of 6 sires were used across 
the 10 experiments. On average, there were 3.8 litters represented 
per sire in every experiment. Immediately after birth, piglets were 
collected from the birth canal, separated from the mother without 
allowing them to ingest colostrum, and their skin disinfected with a 
2% iodine solution. Animals were transported to isolation facilities 
at the Centro de Investigación en Sanidad Animal (CISA) in Madrid, 
Spain. At this research facility, CD piglets were bottle-fed with bovine 
colostrum (milk obtained during the 1st day after calving, from a 
nearby dairy farm) for 3 days; with a porridge mixture (Kwikstart; 
SCA Iberica, Zaragoza, Spain) from days 3–7; and with piglet dry 

meal formula (Startrite 100; SCA Iberica, Zaragoza, Spain) for the 
rest of the study. The management and diet of the CD pigs has been 
described previously (23–24). Nasal swabs were obtained when the 
pigs were 7-d of age to determine if they were negative to H. parasuis 
prior to inoculation. At 21-d of age, pigs were allocated to either an 
infected or a control group and inoculated with H. parasuis [range, 
1 3 106 to 3 108 colony-forming units (CFU)] or mock-inoculated 
with phosphate buffered saline (PBS), respectively. Infected and con-
trol pigs were housed in 2 separate rooms and managed under simi-
lar conditions (21). Pigs from each sire were represented in infected 
and control groups, and to avoid cross contamination, control rooms 
were always attended to first. Because 80.5% of CD pigs survived 
to the challenge date, there were 4–5 infected pigs and 1 control 
pig euthanized at each of the 1, 2, and 3 days post-inoculation time 
points (Figure 1). All animal procedures followed regulations of the 
European Directive 86/609/CEE (Nov 24, 1986).

Pedigree
Six boars from the same commercial line (Landrace-Duroc syn-

thetic) were used to produce the offspring by mating them with 
Landrace 3 Large White sows. On average, 33 pigs from each boar 
(H77, H70, H78, H84, H92, and H94) were included in the study. 
Sires H78, H70, and H77 were half siblings, and H94 and H92 were 
also half siblings.

Bacterial inoculum and challenge
The H. parasuis serovar 5, strain 29755 was used as the inoculum. 

The strain was kindly provided by Dr. Pijoan (CAPS, University 
of Minnesota, 1988 Fitch Avenue, St. Paul, Minnesota, USA). 
Bacteria were cultured on blood agar plates with a nurse strain of 
Staphyloccocus aureus for 24 h and re-isolated on chocolate agar and 
grown for 18 h at 5% CO2 and 37°C (20,25). Pigs were inoculated 
intratracheally (IT) as described by Solano (26) with a 3 mL sus-
pension of bacteria in PBS containing a target of 5 3 107 CFU/mL. 
Control pigs were inoculated IT with PBS alone. For inoculation, 
pigs were sedated with 10–15 mg/kg of a combination of tiletamine 
and zolacepam (Zoletil; Virbac, Madrid, Spain) and 50–100 mg/kg 
medetomidona (Domtor; Pfizer, Barcelona, Spain). After inocula-
tion, sedation was reversed using atipamozole (Antisedan; Pfizer) 
following the manufacturer’s recommendations. Animal procedures 
followed the regulations of the European Directive 86/609/CEE.

Clinical signs
A veterinarian monitored the pigs each morning from birth to 

the day of inoculation (21 days), for the presence of clinical signs. 
Clinical signs associated with H. parasuis infection and rectal tem-
peratures were recorded 1 day prior to inoculation and for 3 days 
after inoculation. This was done for scoring purposes, and to moni-
tor disease severity to allow moribund animals to be euthanized 
humanely. Four clinical traits relevant to H. parasuis infection were 
scored including demeanor (0 = normal; 1 = slight lack of alertness; 
2 = refusal to move; 3 = prostrate or moribund); apparent respira-
tory signs (0 = normal respiratory rate; 1 = slightly increased rate; 
2 = increased rate; 3 = rapid rate); lameness (0 = normal; 1 = lame-
ness in 1 limb; 2 = lameness in 2 limbs; 3 = severe lameness); and 
neurological signs (0 = normal; 1= muscular rigidity or tremors; 
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2 = convulsion; 3 = paralysis). A total score for clinical signs was 
calculated for each pig based on the sum of the scores for all 4 traits. 
Rectal temperatures were not included in the clinical signs score, and 
were evaluated separately.

Bacterial recovery
Nasal swabs were obtained when the pigs were 7 d of age to 

determine by polymerase chain reaction (PCR) if pigs were negative 
to H. parasuis prior to inoculation. Pigs were euthanized at days 1, 2, 
or 3 post-inoculation using an intravenous injection of pentobarbital. 
A tonsil swab was obtained from each pig at necropsy and tested by 
PCR. The total number of positive tonsil swabs was compared to the 
total number of pigs that had at least 1 positive bacterial recovery 
from one or more internal tissues to determine how consistently 
tonsils are colonized in experimentally infected pigs. A necropsy was 
performed, swabs were collected for bacterial recovery, and macro-
scopic lesions were recorded. Bacterial isolation and PCR were used 
for H. parasuis detection from 6 tissue surfaces: pleura, pericardium, 
peritoneum, carpal joint, knee joint, and meninges. Swabs for bacte-
rial isolation and DNA extraction were collected from each of the tis-
sues and processed within 2 h after collection. For bacterial isolation, 
the swabs were cultured on blood agar plates with a nurse strain of 
Staphylococcus aureus as a source of nicotinamide adenine dinucleotide 
(NAD) for growth and incubated overnight at 37°C. To confirm isola-
tion of bacteria belonging to the genus Haemophilus, a few colonies 
were re-isolated in NAD-supplemented chocolate agar grown in an 
atmosphere containing 5% CO2 at 37°C for 24 h (20,25).

PCR detection of Haemophilus parasuis
A DNA extraction protocol was used to detect H. parasuis DNA 

(22). A modification was made to have 35 cycles rather than the 
published 30. The H. parasuis amplification primers used for PCR 
were: HPS-forward (59GTG ATG AGG AAG AAG GGT GGT GT 39) 
and HPS-reverse (59GGC TTC GTC ACC CTC TGT 39). A 20 mL 
total reaction mixture was used containing 9 mL of distilled water, 
10 ng of template DNA or 1 mL of extracted DNA samples, 0.2 mM of 
each primer, 50 mM potassium chloride (KCl), 10 mM tris-hydrogen 
chloride (tris-HCl), 1.5 mM magnesium chloride (MgCl2), 240 mM 
of each denatured nucleoside triphosphate (dNTP) and 0.5 U of Taq  

DNA polymerase (Roche). The PCR amplification was performed 
after denaturation at 94°C for 5 min, with 35 cycles of denaturation 
for 30 s, 94°C, annealing for 30 s at 59°C, extension for 30 s at 72°C, 
and a final extension step for 7 min at 72°C. The amplified product 
was 821 base pairs (bp) and was resolved by electrophoresis of 5 mL 
of PCR product in a 2% agarose gel. The sensitivity of the PCR was 
found to be 102 CFU/mL, consistent with the results previously 
reported (22). For DNA extraction, a positive control was used by 
diluting H. parasuis in 300 mL of sterile PBS, and a negative control 
with sterile PBS only. For PCR, a known and well-characterized 
sample of extracted DNA was used as a positive control and a 
sample without DNA was used as a negative control.

Haemophilus parasuis detection from internal 
organs

A scoring system was created to measure H. parasuis recovery from 
internal tissues. Isolation and PCR were considered positive or nega-
tive for each tissue. An H. parasuis detection score was calculated for 
each animal by dividing the number of positive tissues by the total 
number of tissue samples collected (6 tissues). If a pig had 5 out of 
6 tissues positive by isolation or PCR, the score assigned was 0.83.

Correlations between bacterial isolation and PCR 
detection of Haemophilus parasuis

Correlations between bacterial isolation and PCR were estimated 
to determine which of the 2 methods had more successful H. parasuis 
identifications (JMP software; SAS Institute, Cary, North Carolina, 
USA). Also, the number of positive bacterial isolations and PCR 
positive reactions were compared for each of the tissues tested to 
determine from which tissues H. parasuis could be detected most 
often. Finally, to determine how quickly bacteria spreads through 
internal tissues, the number of positive isolations from all tissue of 
pigs killed at day 1 post-inoculation was investigated.

Lesions detected at necropsy
Sites typically affected by H. parasuis infection were monitored for 

lesions: pleura (pleuritis), pleural cavity (hydrothorax), pericardium 
(pericarditis), pericardial space (hydropericardium), peritoneum 
(peritonitis), peritoneal cavity (ascites), meninges (meningitis), joint 

Figure 1. Experimental time-line indicating interventions, age, and diet.
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(arthritis), and lung (pneumonia). A score of 0–3 was assigned for 
pleura, pericardium, peritoneum, or lung, based on the following 
ranking: 0 for normal, 1 for slight, few strands of fibrin deposition, 
2 for moderate or several strands of fibrin deposition, and 3 for 
copious fibrin deposits and purulent exudate. A score of 0–2 was 
assigned for pleural, pericardium, and peritoneal spaces based on the 
following ranking: 0 for normal, 1 for moderate fluid accumulation, 
and 2 for severe fluid accumulation and change of color.

Statistical analysis
First, to evaluate the degree of susceptibility in the offspring of 

all boars, data was subjected to a 2-way ANOVA with Sire and Test 
Day as fixed effects. Sire by test day interaction was not significant; 
therefore, it was omitted from the model. Student’s t-test was used 
for multiple comparisons among least mean squares (LMS) of the 
sires. Statistical analyses were carried out using JMP software 
(SAS Institute). The traits examined were individual pig scores for 
bacterial isolation (data for 123 animals tested), PCR (123 animals), 
clinical signs (118 animals), lesion (123 animals), temperature from 
day 0–1 (101 animals), 0–2 (69 animals), and 0–3 (37 animals). 
Statistical differences were considered significant when P , 0.05. 
Secondly, to characterize the response to H. parasuis infection, each 
pig was assigned a specific disease category (fully resistant, less 
resistant, less susceptible, fully susceptible) taking into consider-
ation, bacterial isolation, PCR detection, clinical signs, and lesions 
post-infection following the definitions listed in Table I. Disease 
responses between boars under this categorization were compared 
by Chi square.

R e s u l t s

Animal infections
Of the 200 pigs that began the experiment, 80.5% (162) survived 

to the challenge date. From those, 133 were infected with H. parasuis, 
4 of which were removed from the study due to technical issues, and 

29 that were used as controls. All the nasal swabs tested by PCR from 
pigs at 7 d of age were negative, confirming that pigs were free of 
H. parasuis prior to infection. Control pigs did not show any clini-
cal signs, postmortem lesions, and H. parasuis was not isolated or 
detected by PCR from the internal organs of these animals.

Results of the statistical analysis indicated that there were differ-
ences in offspring’s susceptibility by sire for clinical signs (just above 
significance level, P = 0.08), lesions (P , 0.05), and temperatures 
from days 0–1 (P , 0.005), 0–2 (P , 0.05). No significant differences 
were found for bacterial recovery by isolation (P . 0.05) or PCR 
(P . 0.05) or for temperatures from days 0–3 (P . 0.05).

Offspring from sire H94 had the highest H. parasuis isolation and 
PCR scores but those differences were not significantly different to 
the offspring from the other sires (Figure 2). Offspring from sire H94 
had, on average, the highest clinical signs scores, although only sig-
nificantly higher than sire H84 (P , 0.05). The offspring of sire H94 
also had the highest H. parasuis lesion scores and those differences 
were statistically significant when compared with the offspring of 
sires H77, H92, and H84 (P , 0.05) (Figure 2). Pigs sired by boar 
H94 had significantly higher rectal temperatures from days 0-1 and 
0–2 compared with pigs from sire H84, and on day 0–3 compared 
with pigs from sires H77 and H70 (Figure 2). Consequently, piglets 
derived from boar H94 showed an overall increased susceptibility 
to H. parasuis infection.

In contrast, offspring of boars H92 and H84 had on average the 
lowest isolation, PCR, and clinical signs and lesions scores (Figure 2). 
The offspring of sire H92 had significantly different lesion scores 
than the offspring of sire H94. Offspring of sire H84 had significantly 
lower clinical signs and lesion scores and lower rectal temperatures 
at days 0–1 and 0–2 than the offspring of sire H94. These results 
indicate that offspring of sire H92 and H84 were the most resistant 
to H. parasuis infection.

When classified into categories for relative resistance or suscepti-
bility, 10% of the pigs were completely resistant to disease under the 
conditions of this study and did not show any clinical sign or lesions 
associated with H. parasuis infection up to 3 days post-inoculation, 
while the other 90% developed disease (Figure 3). Haemophilus 
parasuis was not detected in any of the internal organs evaluated in 
those pigs. The disease-resistant pigs were challenged at the same 
time as the diseased pigs, but H. parasuis was not detected in any 
of the internal organs evaluated during the course of the experi-
ment. Fully resistant pigs were found in 6 out of 10 experimental 
challenges. Offspring of all sires except boar H94 (P , 0.05) had a 
proportion of offspring categorized as fully resistant (Figure 4); sire 
H94 produced more susceptible offspring. This is in contrast to sire 
H92, which had the highest proportion of fully resistant offspring. 
All sires, except H92 and H94, had some offspring categorized as 
less resistant, and all boars had progeny classified as either “fully 
susceptible” or “less susceptible” (Figure 4).

Correlation between bacteria isolation and PCR 
detection of Haemophilus parasuis

There was a correlation of 0.78 between H. parasuis isolation 
and PCR when scores from positive samples of all internal tissues 
were compared. The correlations between H. parasuis isolation and 
lesions was 0.50, and between PCR and lesions 0.54. At the time of  

Table I. Definitions for each disease category given to all pigs 
infected with H. parasuis

Disease Category Definition
Fully resistant (FR)  No samples positive by PCR or bacterial 

isolation (out of 6 tissues tested), 
clinical signs or lesions with a score of 
1 in no more than 2 tissues (or a total 
lesion score of no more than 3).

Less resistant (LR)  Two or less samples positive by PCR and 
no bacterial isolation. Clinical signs and 
lesions with a total score of 3 or less.

Less susceptible (LS)  Two or less samples positive by PCR 
positive or isolation. Clinical signs and 
lesions with a total score of 3 or less.

Fully susceptible (FS)  Five or 6 samples positive by PCR and 
isolation positive. Signs and lesions 
typical of H. parasuis infection with a 
score of 3 or more.
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necropsy only 50% of the pigs (63/126) that had had H. parasuis 
detected in an internal tissue were also positive by PCR in the 
tonsil.

Bacterial recovery and PCR detection of 
Haemophilus parasuis

Detection was attempted in 126 of the 129 pigs that were infected 
because 3 pigs were found dead at day 1 post-infection, and began to 
decompose; therefore, those tissues were not used. From the 126 pigs 
left, H. parasuis was detected by isolation more often from the 
meninges (59%), the peritoneum and pleura (57%), followed by the 

carpal joint (50%), the knee joint (51%), and the pericardium (49%). 
Haemophilus parasuis was also detected by PCR most commonly from 
the meninges (56%), the peritoneum (54%), the pleura and the knee 
joint (52%), the carpal joint (50%), and the pericardium (48%). When 
sampling a 3-tissue combination such as the meninges, peritoneum, 
and pleura, H. parasuis was detected in 80% of the cases by isolation 
and/or PCR. When sampling the meninges, peritoneum, and carpal 
joint, H. parasuis was detected in 78% of individuals. By comparison, 
H. parasuis was detected more often at the carpal joint (61%) than 
the knee joint (55%). Thirty-eight pigs were euthanized 1 d post-
inoculation, and at that time positive isolations were made for all 

Figure 2. Ranking for the susceptibility to H. parasuis for the offspring of 6 boars of similar genetic background. A 2-way ANOVA model was used with Sire 
and Test Day as fixed effects. Student’s t-test was used for multiple comparisons among least mean squares (LMS). The LMS of the score is shown for each 
trait measured (isolation, PCR) in the Y-axis. Sires, shown in the X-axis, with similar letter did not differ significantly at P , 0.05, in the X-axis.

H. parasuis isolation
H. parasuis PCR

Clinical signs
Lesions

Temperature 0–1

Temperature 0–2 Temperature 0–3
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tissues investigated including: 50% from the meninges, 45% from the 
peritoneum, 42% from the pericardium, 39% from the pleura, 14% 
from the carpal joint, and 29% at the knee joint. Bacteria were present 
in all tissues tested from 7/38 pigs euthanized 1 d post-inoculation, 
and all tissues were negative for isolation in 10/38 pigs. These results 
indicate that by 24 h post- infection, the H. parasuis were capable of 
reaching all tissues investigated in certain pigs.

There was a significant test day [1, 2 or 3 days post-inoculation 
(DPI)] effect on isolation (P , 0.001), PCR (P , 0.01), clinical signs 
(P , 0.05), and an effect just above significance on lesion (P = 0.087). 
The number of lesions went up linearly from day 1 to day 3 post-
inoculation while the level of infection, as measured by isolation and 
PCR, went down after peaking at day 2. Clinical signs continued to 
be high at day 3 (Table II).

D i s c u s s i o n
Susceptibility to disease in an animal is determined by genetics 

and environment. Often the environment can affect the pig’s perfor-
mance as much or more so than the animal’s genetic makeup (27,28). 
In this study, the influence of the sires on their offsprings’ response to 
infection was evaluated using repetitive challenges in standardized 
conditions to minimize environmental factors and in the absence of 
passive immunity from sows. Combining data from bacterial recov-
ery, clinical signs, lesion scores, and rectal temperature, differences 
in susceptibility to H. parasuis infection were observed. Offspring 
of sires H92 and H84 were the most resistant, and offspring of H94 
were the most susceptible to Glässer’s disease. A limitation of the 
study was the number of offspring, and therefore addressing genetic 
susceptibility to Glässer’s disease should be corroborated using a 
greater number of animals.

Evidence of host genetics influencing infectious and noninfec-
tious diseases has been documented for several diseases in pigs. 
For instance, resistance to F18 and K88 Escherichia coli is conferred 
by a lack of bacterial receptors (11,29– 31). Sires have been reported 
to influence innate immunity traits that are crucial for defense 
against infection to Salmonella choleraesuis in an experiment using 
limited number of boars and experimental challenge infections in a 

pig resource population (17). The genetic mutation responsible for 
the porcine stress syndrome is well known in the swine industry 
and commonly used for genetic selection (32). Differences in sus-
ceptibility to PRRSV in different pig breeds (33,34) have also been 
reported.

Ten percent of the pigs in this study were not affected by chal-
lenge with H. parasuis, as they were negative for bacterial isolation 
and PCR detection in internal organs, and did not have clinical signs 
or lesions. These findings were observed across most of the groups 
challenged. It could be argued that pigs evaluated this early (up to 
3 d post-infection) had the potential to manifest the disease later had 
they been left to live, and should not be categorized as truly resistant. 
Although that is a possibility, it is unlikely, particularly considering 
that the bacterial challenge contained a large number of infectious 
organisms, and that colostrum-deprived pigs are very susceptible 
animals. Pigs deprived of sow colostrum do not acquire the maternal 
immunity necessary for protection against several pathogens, notably 
H. parasuis, and often succumb to infections caused by the normal 
pig flora. Evidence of this was seen in the loss of almost 20% of the 
pigs in this study that did not survive to the challenge date.

Immune traits were not measured in this study due to the short 
interval between challenge and euthanasia. Typically active immune 
response to H. parasuis and other microbes is not expected to develop 
within 3 d post-exposure. Blanco et al (23) were unable to reproduce 
H. parasuis disease in pigs of the same genetic background, age, and 
farm of origin when the piglets had ingested colostrum for 2 days 
and remained with a sow that had a history of natural exposure to 
H. parasuis. Those findings indicated that antibodies provided to 
the pig by passive immunity are instrumental in protecting against  
Glässer’s disease as reported by Solano-Aguilar et al (5). Blanco 
et al (23) also determined that pigs fed with bovine colostrum under  
the same conditions of the present study did not show blood anti-
body titers to H. parasuis detectable by using a commercial ELISA 
kit (Biovet Canada, Saint-Hyacinthe, Quebec). Therefore, the bovine 

Figure 3. Distribution of disease categories in response to a H. parasuis 
infection for all 126 pigs that were challenged in the study independently 
of which boar was used to sire them. Categories include fully susceptible 
(FS), less susceptible (LS), less resistant (LR), and fully resistant (FR). 
Disease categories were made based on results from H. parasuis isolation, 
PCR detection, clinical signs, and lesions post-infection.

Figure 4. Distribution of disease category in response to a H. parasuis infec-
tion by sire. Pigs were categorized as: fully resistant (FR), less resistant 
(LR), less susceptible (LS), and fully susceptible (FS) following inoculation 
with H. parasuis. Differences in disease category distributions were found 
among all boars by Chi square (P , 0.05).
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colostrum used during the experiments likely did not provide any 
protective antibodies to H. parasuis.

All pigs that were susceptible to H. parasuis infection developed 
serositis. Only 18% developed arthritis, and 3% developed menin-
gitis in spite of H. parasuis being detected by PCR and isolation was 
63–64% from joints and 57% from meninges. It is interesting that only 
a fraction of the pigs developed lesions of meningitis or lameness 
in spite of bacteria often being detected in meninges and joints. It 
is possible that given more time, those pigs could have developed 
more obvious lesions, or perhaps the host is able to control bacterial 
growth and prevent the lesions from developing in those tissues. 
The dynamics of how the bacteria interact with joint tissues and 
meninges remains to be determined.

To be able to cause meningitis, bacteria have to cross the blood-
brain barrier (BBB). Vanier et al (35) evaluated adherence and inva-
sion of H. parasuis in porcine brain microvascular endothelial cells, 
the endothelium lining of brain capillaries that forms the BBB. The 
authors reported that Nagasaki serovar 5, the same strain used in 
this study, has a high level of adherence and was able to adhere 
to and invade the endothelial cells. Although intracellular viable 
H. parasuis was found in the endothelial cells up to 6 h after antibiotic 
treatment, the microvascular endothelial cells infected did not show 
any abnormality (35). Further studies are necessary to understand 
the steps that lead to development of lesions.

A correlation of 0.78 between bacterial isolation and the PCR sug-
gests that the PCR is an appropriate tool for detection of H. parasuis. 
Although H. parasuis detection was more successful by using bacte-
rial isolation than PCR, the H. parasuis PCR is still useful because 
the fastidious nature of H. parasuis often limits isolation from clinical 
samples, particularly in the cases where pigs are found dead and 
bacterial isolation is not possible due to contamination with other 
bacteria. The best chances for bacterial detection by isolation or 
PCR were observed when a combination of meninges, peritoneum, 
and pleura were used (80% of cases). This information can be of 
use to the diagnostician, as these tissues should be used as primary 
sampling sites. The results from this study indicate that the level of 
infection, as measured by isolation and PCR, lowers after peaking 
at day 2; therefore, care should be taken about when to attempt 
bacterial detection.

Detection of H. parasuis from tonsils was possible in 50% of cases 
when bacteria were also detected in at least 1 internal tissue (results 
not shown). Consistent isolation from tonsil swabs in experimentally 
infected pigs has been reported (25, 36) but results from this study 
were inconsistent with those findings. However, in an experimental 
challenge using intranasal infection of H. parasuis in cesarean-derived 

colostrum-deprived pigs, Vahle et al (37) were unable to isolate 
H. parasuis consistently from the tonsil. The interpretation of colo-
nization of H. parasuis in the upper respiratory tract, particularly the 
tonsil, remains controversial as suggested by Oliveira (20).

Identifying gene markers associated with differences in suscep-
tibility to disease is one way of enabling selective breeding of pigs 
that are more resistant to Glässer’s disease. A population that var-
ies in susceptibility to H. parasuis was found in this study, which 
reports differences in susceptibility to H. parasuis in pigs and host 
genetic factors that influence the progression of H. parasuis infec-
tion. Tissue derived from these animals can be used for identifica-
tion of genes and DNA markers associated with those differences 
in susceptibility. The DNA markers can be used to increase the 
accuracy of selection for complex breeding objectives, which may 
include resistance to Glässer’s and other pig diseases, that will be 
expressed as robust growth and decreased mortality in commercial  
environments.
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