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Abstract

Pasteurella multocida and Ascaridia galli are observed with high prevalences in free range
chickens in Denmark, but the impact is unknown. A study was carried out to examine the interaction
between A. galli and P. multocida
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1. Introduction

During the last five decades commercial poultry production has almost exclusively been
based on confined production systems with a high level of biosecurity. However, during the
last 10 years consumers have shown an increased interest in products from free range and
organic production systems. Table egg production from these systems has increased
significantly and now accounts for almost one-third of all table eggs produced in Denmark
(Anon., 2000). In contrast to confined production systems in which high levels of
biosecurity can be obtained, free range production is characterised by a high risks of
acquiring infections. A recent study in Denmark has shown that the flock prevalence
of Ascaridia galli is 100% in free range/organic systems, whereas it is only about 25% in
confined indoor deep litter production systems (Permin et al., 1999). Pasteurella multocida
infections are also common in non-confined poultry production systems (Christensen et al.,
1999). Recent investigations showed that about 80% of the diagnosed cases of pasteur-
ellosis in Danish poultry appeared in flocks that had access to outdoor areas (Christensen
et al., 1998). Studies on the interactions between A. galli and Escherichia coli in chickens
have indicated that subclinical A. galli infections, may have an immunosuppressive effect,
allowing E. coli to establish itself (Permin et al., 2002). Likewise, a synergistic effect of
migrating Ascaris suum larvae and E. coli was observed in piglets (Adedeji et al., 1989) and
of salmonellosis on subsequent infections with A. suum in adult swine (Wade and Gaafar,
1981). A similar effect may exist for P. multocida infections in A. galli infected flocks. The
aim of the present study was to examine interactions between A. galli and P. multocida and
their impact on disease manifestations, weight gain, egg production and excretion of A.
galli and P. multocida.

2. Materials and methods
2.1. Experimental animals

One hundred 16-week-old Lohmann Brown female chickens with no history of fowl
cholera in previous or present flocks on the farm were used for each experiment. The
chickens were randomly distributed into five groups each consisting of 20 individually
identified animals. Two weeks before the onset of the study all birds were examined for the
presence of P. multocida by taking swabs from the cloaca, dissolving the swabs in saline
water and subsequently injecting white balb/c] mice with the solution as described by
Muhairwa et al. (2000). Furthermore, a faecal sample from each bird was examined for the
presence of parasites using the McMaster concentration techniques (Permin and Hansen,
1998). Regardless of the parasite status all the birds were treated with flubendazole (7 mg/
kg live weight per 3 days) to ensure no interference from a low grade parasite infection.

2.2. Housing

Each group was placed in a 6 m? cleaned and disinfected henhouse with nesting boxes
and perches. The floor was covered with sawdust. The birds received 11-14 h of light
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(10-15 1ux) a day depending on the age of the chickens (Anon., 2001). The birds had free
access to water and commercial feed containing 18% protein (layers mesh).

2.3. Experimental design

The experiment was a 2 X 2 + 1 cohort study (Thrusfield, 1995) in which group 1 was
infected with A. galli, group 2 with P. multocida, while groups 3 and 4 were infected with
both pathogens but in different orders. The group 5 represented uninfected controls. The
study had a duration of 11 weeks.

2.4. Infections

A. galli eggs were prepared according to Permin et al. (1997b). A clinical isolate of P.
multocida, serotype A3 originating from an outbreak of fowl cholera among wild birds was
used for inoculation (Christensen et al., 1998). Chickens in group 1 were infected with
1000 + 50 infective A. galli eggs orally. In group 2 all birds were infected with 10* cfu P.
multocida intratracheally. Group 3 was initially infected with 1000 & 50 infective A. galli
eggs per bird and 4 days later with 10* cfu P. multocida intratracheally. Group 4 was first
infected with 10* cfu P. multocida intratracheally and 4 days later with 1000 & 50 infective
A. galli eggs. Group 5 was sham infected orally with normal tap water (Table 1).

2.5. Parameters

All groups were observed on a daily basis for clinical signs. Eggs were collected,
counted and weighed on a daily basis while the birds were weighed only once a week.
Blood samples were taken 1 week before the start of the experiment at the age of 17 weeks
and subsequently at the age of 18, 21, 24, 28 and 29 weeks. Blood smears for differential
counts of the white blood cells were made according to Permin and Hansen (1998). At the
age of 20, 22, 25 and 28 weeks, swabs were taken from the cloaca and pharynx of each
chicken to examine for the presence of P. multocida as described by Muhairwa et al.
(2000).

At the end of the experiment all surviving birds were killed and subjected to post-
mortem examinations for pathological changes. From each spleen swabs were streaked
onto blood agar plates and checked for growth of P. multocida. The intestines were
removed to check for the presence of adult and larval forms of A. galli. The intestines were

Table 1

Experimental design including group size, infection and infection doses

Group Group size Infection Dosage

1 20 A. galli 1000 =+ 50 eggs

2 20 P. multocida 10* cfu

3 20 A. galli + P. multocida 1000 + 50 eggs + 10* cfu
4 20 P.multocida + A. galli 10% cfu + 1000 + 50 eggs
5 20 Control Sham infected with water
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opened in a longitudinal section and rinsed with water over two sieves, the smallest with a
mesh aperture of 38 um. The sieve retentate was examined for adult worms and larvae
using a stereo microscope at 40x magnification. Faecal samples were taken from the
cloaca and parasite eggs were counted using a concentrated McMaster technique (Permin
and Hansen, 1998).

2.6. Statistical methods

Data was stored and statistical analyses were carried out using the statistical software
program GraphPad Prism version 3.0 from GraphPad Software (2000). Analysis of
variance, chi-square and unpaired 7-tests were used for normal distributed data. Otherwise a
Kruskal-Wallis test was used. The level of significance was set as p < 0.05.

3. Results
3.1. Pretrial examinations

The swabbings showed that the birds were free of infections with P. multocida.
Furthermore, the birds were free of infections with parasites, i.e. A. galli, Heterakis
gallinarum and Capillaria spp. (Permin et al., 1999).

3.2. Clinical signs

Depression was observed in the birds infected with P. multocida, i.e. groups 2—4 during
the first week after infection with P. multocida. After inoculation the chickens became quiet
and passive and their feathers ruffled. Feed and water consumption were also depressed.
The chickens were most affected the first week after the infection, after which an
improvement was seen. Differences in clinical signs between groups only infected with
P. multocida and groups infected with both P. multocida and A. galli were not observed.
Increasing mortality, starting shortly after inoculations with P. multocida, was observed for
groups 2 (three birds), 3 (six birds) and 4 (three birds) and continued up to 4 weeks after
inoculation. These chickens tested positive for P. multocida in spleen and liver when swabs
were streaked onto blood agar plates. No indications of clinical disease were observed in
groups 1 and 5.

3.3. Weight gain

The average weight gain for all groups are shown in Fig. 1. For groups 2—4 a drop in
weight gain was observed immediately after they had been infected with P. multocida. Both
the control group and the A. galli group showed weight gains during the whole observation
period and had the highest weight gain while the doubly infected groups had the lowest.
However, the groups were not easily distinguished from each other. During the first week a
significant difference was seen between groups infected with P. multocida and groups
which had not been infected with bacteria. Groups 1 and 3 were only infected with A. galli
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Fig. 1. Weight gain for all five groups (N = 20 per group) until week 10.

at this time and could not be separated from the control group (p > 0.05). Groups infected
with P. multocida could not be differentiated from each other at this point of the trial.

During the second week group 3 dropped in the weight gain immediately after infection
with P. multocida. At this time no significant differences between the three groups infected
with P. multocida were observed. In the final week a significant difference between the A.
galli group and the two double infected groups as well as between the control group and the
three groups infected with P. multocida were observed (p < 0.05).

3.4. Eggs

All groups started laying within 3 days after the first infection at the age of 18 weeks
(Table 2). Differences observed between groups as to the age at start of lay were not
significant (p > 0.05). However, at the end of the experiment a significant number (at 90%
level) of hens were not in lay in groups 2 (three birds), 3 (six birds) and 4 (three birds)
(p < 0.06). Significant differences were observed in the numbers of eggs per hen per week
for groups 1 and 5 (the A. galli group and the control group) compared to groups 2—4

Table 2
Egg production data for all groups
Group 1: Group 2: Group 3: Group 4: Group 5:
A. galli P. multocida  A. galli P. multocida control
+P.multocida  +A. galli
Age at the first egg in the 130 130 131 130 132
group (days)
Age when all the chickens 145 158 157 159 143
were in lay (days)
Hens remaining at week 29 20 17 14 17 20
Hens in lay of remaining animals 20 (100%) 14 (82%) 8 (57%)" 14 (82%) 20 (100%)

(in %) at end of trial (week 29)

* Significantly lower (at 90% level) compared to other groups (p < 0.06).
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Fig. 2. Number of eggs per hen per week.

infected with P. multocida (Fig. 2). Finally, significant differences in single egg weights
between groups were not observed during the whole experiment.

3.5. Differential counts

Double infected groups had the lowest percentage of lymphocytes. Significant differ-
ences between the control group and the A. galli group were not observed. The A. galli
group however differed significantly from the double infected groups during the weeks 3, 6
and 10. Significant differences between groups 2 and 3 as well as between the control group
and the double infected groups were noticed in week 3. Statistically significant differences
were also seen between groups 2 and 3, 3 and 4 as well as 3 and 5 in week 6 and between
groups 4 and 5 in week 10.

Double infected groups had the highest percentage of heterophil granulocytes compared
to other groups. A statistical significant difference in per cent heterophil granulocytes was
observed between the A. galli group and the control group versus the double infected
groups as well as between groups 2 and 3.

Differences in per cent eosinophilic granulocytes were observed between groups 1 and 4
in first week. At the time of inoculation differences between groups 1-3 and the control
group as well as between groups 2 and 4 were observed. In the sixth week group 1 separated
itself from the rest of the groups significantly (p < 0.05). In the final week there were
statistical differences between the A. galli group and groups 2, 4 and 5 as well as between
groups 3 and 4.

Basophilic granulocytes and monocytes were only represented in small percentages
making it difficult to evaluate the results.

3.6. Excretion of P. multocida

The excretion of P. multocida in the various groups is given in Table 3. Birds from groups
2 and 3 inoculated with P. multocida and A. galli and P. multocida, respectively, did not



C. Dahl et al./Veterinary Microbiology 86 (2002) 313-324 319

Table 3
Chickens testing positive for P. multocida during experiment
Week Group 1: Group 2: Group 3: Group 4: Group 5:
A. galli® P. multocida A. galli P.multocida control®
+P. multocida +A. galli
Pos./all % Pos./all % Pos./all % Pos./all % Pos./all %
2 37010 0 9/17 53 11/17 65" 6/18 33 37010 0
4 37010 0 1/17 6 1/14 7 1/17 6 37010 0
7 37010 0 0/17 0 1/14 7 0/17 0 37010 0
10 37010 0 1/17 6 2/14 14" 0/17 0 37010 0

# Swabs were taken from four animals and pooled into one sample, i.e. five samples from each group before
inoculation into mice.
* Significantly more (p < 0.05).

eliminate the infection. Significantly more birds were positive in group 3 infected with both
the pathogens. Birds in group 4 infected with P. multocida and subsequently with A. galli
eliminated the infection 7 weeks after the infection. There were no positive samples for
P. multocida in groups 1 and 5 throughout the trial.

3.7. Bacteriological investigation of the spleens
All spleens sampled negative for P. multocida at the end of the trial.
3.8. A. galli eggs, larvae and worms

In Table 4 EPG (eggs per gram of faeces), larvae and adult worm counts are shown.
Fecundity (EPG/adult female worm) and percentage of infected chickens are also given.
Parasites were only recorded in the A. galli infected groups, i.e. groups 1, 3 and 4. A chi-
square test showed significant lower percentage of infected birds in group 3 compared to
groups 1 and 4. A significant lower EPG was seen in group 4 compared to group 1
(p < 0.05). No differences were seen in EPG neither between groups 1 and 3 nor between

Table 4
Parasitological findings at slaughter (£S.D.)
Group 1: Group 2: Group 3: Group 4: Group 5:
A. galli P. multocida A. galli P. multocida control
+P.multocida  +A. galli
EPG 652.6 £ 802.0 - 676.7 + 845.1 137.5 +232.8" -
Larvae 0.6 £ 1.3 - 0.2 £ 0.6 0.2 £ 0.7 -
Female worms 44 +£54 - 42 £ 1.1 2.1+24 -
Male worms 1.6 £2.5 - 14 £ 0.6 12 +24 -
Larvae 4+ worms 6.6 £74 - 59 £59 3.6 £47 -
Fecundity (EPG/females) 178.0 £ 2480 - 90.0 £ 123.0 61.0 £97.0 -
Percentage infected chickens 100 - 79" 94 -

* Significantly lower (p < 0.05).
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Table 5

Total number of chickens (in %) with pathological findings at end of experiment
Group 1: Group 2: Group 3: Group 4: Group 5:
A. galli P. multocida  A. galli P.multocida control

+P. multocida +A. galli

Poor body condition - - 1(5) 1(5) -
Dehydrated - - - 1(5) -
Pneumonia/lung necrosis - 5 (25) 4 (20) 3 (15) -
Pleuritis - 3 (15) 2 (10) 1(5 -
Aerosacculitis - - - 105 -
Liver necrosis - 4 (20) - - -
Spleen necrosis - 3(15) - 105 -
Uremia - - 1(5) - -
Peritonitis - - - - 105
Bursitis presternalis - - - - 1(5
Not in lay - 1(5 4 (20) 1(5 -
Mortality due to P. multocida - 3 (15) 6 (30) 3 (15) -
Total number of chickens 0/20 (0) 5/17 (29) 8/14 (57)" 4/17 (23) 2/20 (10)

with pathological changes

* Significantly more chickens with pathological changes compared to other groups (p < 0.05).

groups 3 and 4 (p > 0.05). Statistical significantly differences between groups 1, 3 and 4 in
larvae or worms were not shown (p > 0.05). Neither were significant changes in fecundity
seen with r-test (p > 0.035) although a trend showed lower fecundity in groups 3 and 4.

3.9. Pathological changes

Table 5 shows the pathological lesions observed at the end of the experiment. Lesions
were seen in the three groups infected with P. multocida. In the double infected group 3
significantly more chickens had pathological lesions compared to the group only infected
with P. multocida. No pathological lesions due to P. multocida were observed in the A. galli
group or the control group.

4. Discussion and conclusions

A pronounced effect of concurrent infections with P. multocida and A. galli was
observed on weight gain, egg production, differential counts, excretion of P. multocida,
parasitic findings at post-mortem and pathological changes.

Clinical signs associated with the P. multocida infected groups included depression,
anorexia, ruffled feathers and mortality as the main features as reported previously by
Rhoades (1964), Nagi et al. (1990) and Petersen et al. (2001) and was apparently not
enhanced by the parasitic infection. The A. galli group and the control group showed, as
expected, no clinical signs. Low level infections with A. galli may not cause clinical
symptoms as reported by Permin et al. (1998b). Mortality occurred in the three groups
infected with P. multocida, but no statistical differences were seen between the groups.



C. Dahl et al./Veterinary Microbiology 86 (2002) 313-324 321

The observed mortality was considered low, probably due to the low P. multocida dose
(Matsumoto et al., 1991; Toth and Siegel, 1993; Petersen et al., 2001). A trend however
indicated that the group infected with A. galli followed by P. multocida had a higher
mortality. These findings are in accordance with findings by Permin et al. (2002) who
demonstrated that chickens infected with E. coli and A. galli reacted more severely
compared to chickens only infected with E. coli.

Weight gain was depressed in the group infected with P. multocida as a single infection
and in the two groups additionally infected with A. galli either as a primary or secondary
infection. Acute P. multocida infections are known to cause anorexia and subsequent
weight depression as it has also been described for A. galli (Rhoades, 1964; Ikeme, 1971;
Nagi et al., 1990; Permin et al., 1998a). The two double infected groups never reached
a weight as high as the other groups, and at the end of the experiment especially the
weight gain of the group first infected with A. galli and subsequently with P. multocida
was lower compared to all the other groups. This could be due to an immune suppressive
effect of A. galli supporting the establishment of P. multocida in the host (Roepstorff
et al., 1999).

All groups started laying within 1-3 days after infection, e.g. at the age of 19 weeks,
indicating that neither of the infections had an impact on point of lay (Anon., 2001).
Significantly fewer eggs were laid per hen per week in the groups infected with
P. multocida compared to the A. galli group and the control group. This indicates that
the acute P. multocida infection had a negative effect on the egg production which is in
accordance with previous observations (Campi et al., 1990). Infections with A. galli may
decrease egg production in layers (Permin et al., 1998a); however, the missing effect
observed in this study might be related to the relatively high age of chickens when infected
(Kerr, 1955).

In the double infected groups the percentage of lymphocytes were significantly lower
compared to the A. galli and the control groups. These results suggest that the immune
system was depressed in double infected groups compared to groups only infected with one
pathogen and the control group. Furthermore, the results indicate that a primary A. galli
infection followed by a secondary P. multocida infection affect the birds more seriously
than a single bacterial infection. When the birds are infected with P. multocida first and
A. galli last, an inhibiting effect on the immune system may be seen, but it cannot be
distinguished from a single bacterial infection, underlining that the order of multiple
infections might have an important impact on the outcome. Likewise the double infected
groups had higher heterophilic counts compared to the other groups suggesting that the
parasitic infection enhances the heterophilic response. The double infected groups did not
seem to have an eosinophilic reaction towards the parasites as they did not distinguish
themselves from the control group, whereas the A. galli infected group had a significantly
higher eosinophilic count coincident with the prepatent time of A. galli (Kerr, 1955; Ikeme,
1971; Permin et al., 1998b).

A decreasing number of P. multocida carriers was seen in all P. multocida infected
groups during the experiment. However, chickens in groups 2 and 3 did not clear
themselves totally for the infection as the birds in group 4. An infection dose of
approximately 10* cfu per chicken is considered low (Matsumoto et al., 1991; Toth
and Siegel, 1993). The low infections dose was chosen to allow us study the epidemiology
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of P. multocida in relation to A. galli infections. P. multocida carriers were observed even
10 weeks after inoculation, especially in the group primary infected with A. galli. Under
free range conditions, where parasitic infections always are present (Permin et al., 1998b),
chickens remain carriers of P. multocida for a longer period, having epidemiological
implications. Cannibalism (i.e. stress) seems to have a similar effect on the carrier status of
P. multocida infected chickens (Permin et al., unpublished results).

At the end of the experiment none of the spleens tested positive for P. multocida. This is
in agreement with previous studies by Petersen et al. (2001) who showed that P. multocida
was eliminated from the spleens of chickens within 48 h. In contrast, all A. galli infected
groups harboured larval and adult stages of A. galli at slaughter. Significantly fewer
chickens were infected in the group first infected with A. galli and subsequently with
P. multocida. Generally, the establishment rate in individual chickens depends on the
size of the infection dose (Ackert et al., 1931; Permin et al., 1997a). Furthermore, in
experimental and natural infections all chickens become infected (Permin et al., 1998b,
1999). The reason for some of the animals being negative in this study is not known, but
might possibly be related to a cross-over effect of the concurrent infection. A recent paper
by Pritchard and Brown, 2001 has indicated that although cellular response mechanisms of
bacteria and parasites are related to each their pathway (Th2 for parasites and Thl for
bacteria) there is a balance between the two pathways. Thus a parasite infection might
favour the Th2 cell development and indirectly suppress the establishment of bacteria
or vice versa. A significantly lower EPG was observed in the group infected first with
P. multocida and then with A. galli. This could imply that P. multocida has a suppressive
effect on the livelihood and establishment of the parasite, since a trend showing a lower
worm burden in this group was observed. This might also be explained as a result of an
enhanced immune defence triggered by the P. multocida infection.

Significantly more birds were observed with pathological lesions in the group first
infected with A. galli and subsequently with P. multocida. This might be a result of an
inhibited defence system in the birds first infected with the parasite, facilitating the
establishment of bacteria in the host (Pritchard and Brown, 2001).

Health aspects are rarely discussed in relation to welfare of free range chickens
(Craig and Swanson, 1994). However, free range chickens are often subclinically infected
with A. galli (Matter and Oester, 1989; Permin et al., 1998b, 1999) and P. multocida
(Christensen et al., 1998). It is therefore postulated that free range chickens are at higher
risk of being subjected to serious outbreaks of fowl cholera when they are permanently
infected with A. galli. The fact that poultry in organic systems are not treated against
gastrointestinal parasites contributes to this postulation.

In conclusion a negative interaction between A. galli and P. multocida was observed.
Combined infections had a more severe effect on the birds compared to single infections
for reasons which remains to be investigated. Carrier animals were also common in this
group. Even a subclinical A. galli infection seems to enhance the establishment of
P. multocida. If A. galli represents a secondary infection, the clinical picture was quite
equal to that of the single P. multocida infection. However, P. multocida affected A. galli
establishment. Since multiple infections are common under non-confined conditions basic
studies on interaction of infections are greatly needed. Understanding the mechanisms
behind the interactions will improve the possibilities of prevention.
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