
  INTRODUCTION 
  In recent years increasing attention has been fo-

cused on animal welfare in response to intensification 
and specializations in husbandry, done mainly for eco-
nomic purposes. A high stocking density and the use 
of highly concentrated feed, responsible for unsuitable 
management, have been frequently considered to influ-
ence health and welfare in poultry production (e.g., 
poor litter quality, high ammonia; Thomas et al., 2004; 
Villagrá et al., 2009). Monitoring of natural immunity 
parameters can give useful information on the health 
and, as a consequence, welfare of animals (Olff, 1999; 
Padgett and Glaser, 2003; Broom, 2006). Chronic stress 
can influence the natural immune system, predispos-
ing the animals to conditioned pathologies because it 
represents the first and rapid immune response against 
extraneous organisms (Kimbrell and Beutler, 2001). 
The variation of several parameters of the nonadaptive 
immunity, such as heterophil:lymphocyte blood ratio, 

lysozyme (Fevolden et al., 1994; Ng et al., 1999), he-
molytic complement levels (Tort et al., 1996; Star et 
al., 2006), and serum bactericidal activities (Hajji et 
al., 1990) have been investigated in response to un-
comfortable environmental factors in different animals. 
The bactericidal activity showed a significant variation 
in newly introduced breed gilts in relation to environ-
ment and food changes (Battistacci et al., 2007). Vari-
ous factors play a role in influencing levels of these 
parameters: different breeds of turkeys showed signifi-
cant phenotypic variation in lysozyme and hemolytic 
complement levels as well several growth promoters 
(Bayyari et al., 1997; Sotirov et al., 1998; Sotirov et 
al., 2001). The effect of the rearing system on lysozyme 
and hemolytic complement levels was also investigat-
ed in broiler chickens raised in batteries and on hard 
floor (Stoyanchev et al., 1997) and in different hybrid 
turkeys raised on a slat floor and on litter (Yotova et 
al., 2004). To evaluate differences in innate immunity 
response in relation to rearing conditions, this study 
aimed to investigate the lysozyme, hemolytic comple-
ment levels, and serum bactericidal activities in broiler 
turkeys raised in industrial, backyard, and controlled 
experimental conditions to point out the possible dif-
ferences in serum levels. 
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  ABSTRACT   The aim of this study was to determine 
serological values of lysozyme, hemolytic complement 
levels (alternative pathway), and bactericidal activ-
ity of serum in turkeys kept in different rearing sys-
tems (industrial, backyard, and experimental). Results 
showed that the values for serum bactericidal activity 
and hemolytic complement levels increased with age, 
and their values were higher in experimental and in 
industrial turkeys than in turkeys reared in backyard. 
Lysozyme concentration showed a similar pattern; its 
value was higher in the industrial and experimental 

groups than in the backyard group. Data obtained sug-
gest that rearing system can have an influence on the 
natural immune parameters considered; experimental 
and industrial groups showed a similar trend, differenti-
ated from that observed in the backyard group. In the 
backyard group, the values observed may suggest that 
hybrid turkeys, selected for high production, have dif-
ficulty with being reared outside where predators (foxes 
and weasels) and weather conditions could be respon-
sible for a stress situation. 
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MATERIALS AND METHODS

Experimental Design
The trial was performed over a 100-d period during 

the autumn and winter using 1-d-old British United 
Turkey broiler turkeys (British United Turkey Ltd., 
Chester, UK). Forty female meat turkeys (referred to 
as group A) were investigated in an industrial farm, 
consisting of 13,500 birds, with a natural light and ven-
tilation system. The selected birds were kept in a sepa-
rate wired area throughout the trial. The stock density 
during the first 2 wk was 8 to 10 birds/m2, after which 
it was approximately 6 birds/m2 until slaughter at 100 
d. Twenty 1-d-old turkeys (referred to as group B) were 
collected from the same commercial farm and raised 
in premises where light, temperature, ventilation, 
and density were optimized according to Anonymous 
(2000). The area was 4 m2 and was managed so that 
in the first week the stock density was approximately 8 
animals/m2 and 4 animals/m2 until d 100. Ten 1-day-
old broiler female turkeys (referred to as group C), col-
lected from the same industrial farm, were raised inside 
for the first 2 wk and were subsequently moved to a 
backyard pen (6 m long × 4 m wide) subdivided into 
2 connected spaces, one of which opened. During the 
day the turkeys could enter a large external space sur-
rounded by wire. 

All groups were given rhinotracheitis virus and New-
castle disease virus vaccinations. Vaccination for hem-
orrhagic enteritis and a recall vaccination for Newcas-
tle disease virus were also administered after 1 mo by 
the intramuscular route. The feed formulation (Valigi 
Group Italy, Perugia, Italy) was the same for all groups 
and changed in relation to different growth periods. 
The first period diet provided 26% CP and 2,800 kcal/
kg of ME, whereas the second period diet provided 23% 
CP with 2,900 kcal/kg of ME. In the third period the 
CP was reduced to 18% and the ME was increased to 
3,100 kcal/kg.

Blood Sampling
All groups were sampled at 1 (T0), 14 (T1), 23 

(T2), 50 (T3), and 100 (T4) d of age using vacuum 
tubes without anticoagulant (Vacuette, Greiner Bio-
One, Frickenhausen, Germany). Blood samples were 
incubated at room temperature for 2 h and centrifuged 
at 3,520 × g for 16 min, and the serum samples were 
stored under sterile conditions in aliquots at −80°C un-
til use.

Serum Lysozyme
The serum lysozyme was assessed by the lysoplate 

assay (Osserman and Lawlor, 1966). Briefly, serum 
samples were reacted with a suspension of Micrococcus 
lysodeikticus inside an agar gel in 10-cm Petri dishes 
and then distributed in duplicate in 3-mm holes, 2 cm 

apart, at a regular distance of 1.5 cm from the dish 
edge. The reaction was carried out in a humidified in-
cubator for 18 h at 37°C instead of in the environmental 
temperature, as described in the original protocol. The 
diameter of the lysed areas around serum samples and 
lysozyme standards of known concentration in phos-
phate buffer (0.066 M, pH 6.3) was assessed by calipers 
or rules. Under these conditions, lysozyme concentra-
tion (µg/mL) was proportional to the diameter of lysed 
areas and was determined from a standard curve cre-
ated with reference preparations of egg white lysozyme 
(Sigma-Aldrich, St. Louis, MO).

Total Hemolytic Complement Levels
Total hemolytic complement levels (alternative path-

way) were assessed as described previously (Seyfarth, 
1976) using rabbit erythrocytes. The volumes of the 
reagents were modified to perform the test in microti-
ter plates at a final volume of 125 µL/well (100 µL of 
serum dilutions + 25 µL of 3% rabbit erythrocytes). 
The 0 and 100% hemolysis controls were set up in each 
plate at the same volume in veronal buffer (pH 7.3) 
and distilled water, respectively. Titers were expressed 
as 50% hemolytic units per 100 microliters (the test 
volume of sera). Reference standard sera were used as 
control toward different batches of rabbit erythrocytes.

Serum Bactericidal Activity
The test for determining serum bactericidal activity 

(SBA), used for a long time as a plate count assay 
(Dorn et al., 1980), was adapted in our laboratory to 
a turbidimetric assay in microtiter format (Amadori et 
al., 1997). Briefly, nonpathogenic Escherichia coli was 
grown until log phase in 20 mL of brain heart infusion 
(BHI) broth (Biolife Italiana, Milan, Italy) and frozen 
at −80°C in sterile skim milk. For each test 1 aliquot 
was thawed, resuspended in 15 mL of BHI medium, and 
incubated at 37°C until optical density of 590 nm was 
doubled. Then, bacteria were diluted 1:100 in sterile sa-
line solution. Test reagents were distributed into wells 
of sterile, U-bottomed microtiter plates according to 
the following scheme: 50 µL of test serum (in duplicate) 
added to 50 µL of veronal buffer, 100 µL of BHI broth, 
and 10 µL of 1:100-diluted bacterial suspension. Con-
trols of sterility were set up without bacteria (negative 
control). Controls of bacterial growth (positive control) 
were set up without serum. The missing components 
were replaced by Veronal buffer at the same volumes. 
Plates were incubated in a humidified box at 37°C for 
18 h. They were then read spectrophotometrically in an 
ELISA reader at 690 nm, with blank set on the sterility 
control. The percentage of SBA was derived from the 
following formula (OD = optical density):

 % SBA
OD test sample

OD growth control
= − ×
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Statistical Analysis
Statistical analysis was performed using one-way 

ANOVA at all time points. Differences between means 
were significant at P < 0.05 and at P < 0.001.

RESULTS
Three parameters of the innate immunity were ana-

lyzed in turkeys raised in industrial, backyard, and con-
trolled experimental conditions: lysozyme, total hemo-
lytic complement levels, and serum bactericidal activity 
(Tables 1, 2, and 3). Lysozyme concentration showed 
a similar pattern in groups A, B, and C at T0 (Table 
1). Lysozyme concentration was significantly higher in 
groups A and B than in group C at T1, T2, and T3, 
and it subsequently declined at T4. Results showed that 
the levels of hemolytic complement increased in the 3 
turkey groups with age; in particular, values in group C 
were significantly lower than in groups A and B at T0 
but were higher at T1 and T2. Values in groups A and 
B were significantly higher than values in group C at 
T3 and T4 (Table 2). In this trial the bactericidal ac-
tivity increased progressively in all groups. The highest 
value was detected at T3 in groups A and B whereas in 
group C it increased at T4 (Table 3).

DISCUSSION
The relationship among welfare, immunity, and 

health has been considered by many authors (Olff, 
1999; Padgett and Glaser, 2003; Broom, 2006). In this 
study we investigated possible variations of 3 serologi-
cal immune parameters (bactericidal activity, lysozyme, 
and hemolytic complement levels) in relation to differ-
ent turkey rearing systems. The bactericidal property 
of blood may be attributed to the presence of comple-
ment factors and small quantity of natural antibodies 
(Michael et al., 1962) and other occurring antibacterial 
substances such as β-lysine and lectin (Donaldson et 
al., 1964; Kawasaki et al., 1989). Results showed that 

bactericidal activity increased with age until T3 in 
groups A and B and until T4 in group C, reflecting 
a progressive development of the immune system as 
demonstrated in previous investigations (Skeeles et al., 
1980; Moscati et al., 2008). The decrease of the bacte-
ricidal level in groups A and B at T4 could be justified 
by space limitations as the turkeys grew in size. The 
importance of stocking density as a stress factor influ-
encing animal welfare is controversial. Dawkins et al. 
(2004) concluded that the stocking density in chickens 
is less important than other factors, such as nutrition 
and genetics, acting in the poultry environment. On the 
contrary, Villagrá et al. (2009) demonstrated that an 
excessive density causing a chronic stress situation was 
responsible for a pronounced corticosterone response in 
chickens. The serum bactericidal activity, lower than 
that observed for the other 2 groups, was noticed in 
backyard turkeys, probably reflecting a stressful adap-
tation to external environmental factors such as tem-
perature ranges. Cold temperature can act as a stress 
factor in animals genetically selected to grow in an in-

Table 1. Statistical analysis of lysozyme (mean ± SD) in 3 
turkey groups1 

Sample2

Lysozyme (µg/mL)

Group A Group B Group C

T0 3.45 ± 1.2 3.45 ± 1.2 3.76 ± 3.7
T1 8.47 ± 2.9 9.74 ± 5.2 1.85*** ± 2.2
T2 9.07 ± 2.8 6.89 ± 1.7 1.79*** ± 0.7
T3 7.79 ± 3 6.88 ± 2.2 1.49*** ± 0.4
T4 3.81 ± 0.8 3.86 ± 1.3 3.19 ± 3.5

1The time-course of lysozyme was investigated in 3 turkey groups. 
Group A: 40 female meat turkeys raised on an industrial farm. Group 
B: twenty 1-d-old turkeys collected from the industrial farm and raised 
under optimized conditions according to Anonymous (2000). Group C: 
ten 1-d-old turkeys collected from the industrial farm, raised inside for 2 
wk, and subsequently moved to a backyard pen.

2T0 = d 1; T1 = d 14; T2 = d 23; T3 = d 50; T4 = d 100.
***P < 0.001.

Table 2. Statistical analysis of hemolytic complement level 
(mean ± SD) in 3 turkey groups1 

Sample2

Hemolytic complement levels  
(CH503 µg/100 µL)

Group A Group B Group C

T0 14.02 ± 6.6 14.02 ± 6.6 2.33* ± 0.7
T1 15.06 ± 3.5 13.83 ± 3.7 18.30 ± 7.4
T2 19.84 ± 2.7 19.86 ± 1.2 29.86*** ± 7.1
T3 80.68 ± 19 93.05 ± 12.6 32.86*** ± 12.2
T4 100.00 ± 3.77 100.00 ± 5.35 45.18*** ± 12.5

1The time-course of hemolytic complement levels was investigated in 3 
turkey groups. Group A: 40 female meat turkeys raised on an industrial 
farm. Group B: twenty 1-d-old turkeys collected from the industrial farm 
and raised under optimized conditions according to Anonymous (2000). 
Group C: ten 1-d-old turkeys collected from the industrial farm, raised 
inside for 2 wk, and subsequently moved to a backyard pen.

2T0 = d 1; T1 = d 14; T2 = d 23; T3 = d 50; T4 = d 100.
3CH50 = total complement activity.
*P < 0.05; ***P < 0.001.

Table 3. Statistical analysis of bactericidal activity (mean val-
ues ± SD) in 3 turkey groups1 

Sample2

Serum bactericidal activity (%)

Group A Group B Group C

T0 2.63 ± 4 2.63 ± 4 10.18 ± 7.84
T1 20.33 ± 9.2 19.20 ± 10.6 11.92 ± 6.2
T2 37.39 ± 16.3 30.60 ± 18 21.73 ± 10.1
T3 61.67 ± 28.6 61.38 ± 8.6 27.61* ± 18.9
T4 40.03 ± 5.1 51.07 ± 7.2 37.48 ± 11.9

1The time-course of hemolytic complement levels was investigated in 3 
turkey groups. Group A: 40 female meat turkeys raised on an industrial 
farm. Group B: twenty 1-d-old turkeys collected from the industrial farm 
and raised under optimized conditions according to Anonymous (2000). 
Group C: ten 1-d-old turkeys collected from the industrial farm, raised 
inside for 2 wk, and subsequently moved to a backyard pen.

2T0 = d 1; T1 = d 14; T2 = d 23; T3 = d 50; T4 = d 100.
*P < 0.05.

1464 FRANCIOSINI ET AL.

Downloaded from https://academic.oup.com/ps/article-abstract/90/7/1462/1544137
by guest
on 30 July 2018



dustrial system, such as pigs (Moscati et al., 2004). 
Furthermore, the presence of predators (mammalian or 
birds) as stress agents should have been considered. The 
hemolytic complement levels show the amount of free 
complement in the serum that is not linked to antibod-
ies and potentially reactive. Its basal blood level can be 
considered positively related to natural immune system 
activity. High levels of this activity are indicative that 
the birds have not consumed the complement avail-
able in the serum for specific immune reactions against 
various pathogens through the conventional pathway 
(Ricklin et al., 2010). Our results denoted that the lev-
els of hemolytic complement increased with age in all 
groups in relation to progressive immune system devel-
opment. Hemolytic complement levels in group C were 
unexpectedly lower than those in groups A and B at T0 
because, using industrials turkeys and not inbred, such 
biological events are possible. Even though hemolytic 
complement values in group C increased consistently 
over time and at T1 and T2 they were higher than 
values in groups A and B, it is evident that the values 
were less overall than in groups A and B. This could be 
justified by the lack of particular antigenic influences 
on hemolytic complement levels, probably attributed to 
the strict application of hygienic and sanitary regula-
tions in experimental and industrial conditions, as al-
ready observed by Yotova et al. (2004). In the backyard 
conditions, by that time other antigenic pressure of en-
vironment could have been able to robustly trigger the 
hemolytic complement levels of turkeys. Further studies 
are needed to establish the effective role played by envi-
ronmental antigenic pressure on hemolytic complement 
levels. Finally, it should be underlined that the value 
detected for serum bactericidal activity and hemolytic 
complement in group C can reflect a difficulty to adapt 
to outside conditions for turkeys that are genetically 
selected for high production and accustomed to being 
raised indoors. The lysozyme is able to damage bacte-
rial cell walls by attacking the peptidoglycan. Because 
this enzyme is largely present in granules of several 
kind of cells, its serum concentration can give useful 
information about granulocyte activities and about 
the functionality of the monocyte-macrophage system. 
Therefore, it can be reasonably considered as a pos-
sible marker for the quantification of pathogens in the 
environment (Cohn, 1968; Gordon et al., 1974). In this 
study the lysozyme concentrations showed a trend in-
dependent of age in all groups, as already detected in 
swine by Moscati et al. (2004). Compared with group 
C, groups A and B had significantly higher levels of 
lysozyme activity at T1, T2, and T3 (Table 1). In our 
study the values detected for lysozyme concentration 
were higher than the values detected by Sotirov et al. 
(1998) and Yotova et al. (2004), probably because of 
the differences in the analysis protocols and the ge-
netic lines tested. Our data showed that dissimilarity 
of the rearing systems seemed to have an influence on 
the innate immune system parameters monitored in 

our work. Results obtained for groups A and B showed 
a similar trend, differentiated from that observed in 
group C. Previous studies highlighted the importance 
of the rearing systems in meat turkeys in the different 
levels of hemolytic complement and lysozyme, when the 
birds were bred on slat floor and on a litter (Yotova et 
al., 2004). It is largely known that the immune system 
is strictly related to animal welfare because it reflects 
the capability to react against external noxae (Broom, 
2006). It is difficult to establish which kind of farming 
could influence the natural immunity parameters con-
sidered, but we could hypothesize that turkeys geneti-
cally selected for high production experienced difficulty 
in adapting to backyard rearing. In backyard condi-
tions, predators (foxes and weasels) and other external 
factors (weather conditions) could be responsible for 
a stress situation, whereas excessive stocking density 
and high competition can act as the most critical fac-
tors in industrial farms. Further studies are needed to 
determine the role of the natural immune parameters 
as reliable markers of welfare and health status to cre-
ate a regular profile that is useful for monitoring both 
in the field.
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