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BROILER PULMONARY HYPERTENSION SYNDROME. III. COMMERCIAL 
BROILER STRAINS DIFFER IN THEIR SUSCEPTIBILITY 
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ABSTRACT 

HUCHZERMEYER, F. W., DE RUYCK, AN M. C. & VAN ARK, H., 1988. Broiler pulmonary hyper
tension syndrome. III. Commercial broiler strains differ in their susceptibility. Orulerstepoort Journal ofVeteri
nary Research, 55, 5-9 (1988) 

Broilers of 4 different commercial strains were kept during winter at an altitude of I 350m. The birds were 
slaughtered at weekly intervals and their relative right ventricular mass (pulmonary arterial pressure index = API 
values) determined. In addition, the incidence of ascites was recorded. Two of the strains suffered high losses 
from ascites, while the other 2 showed a certain degree of resistance. The former 2 groups had a higher mean 
API and a greater ~rcentage of high API values in clinically normal birds than the other 2 groups. The group 
with the lowest incidence of ascites achieved the highest mean live mass at 51 days. There was also a decrease in 
mean API with age in clinically normal birds. There was no difference in the incidence of ascites between males 
and females. 

INTRODUCTION 

A high altitude disease of broiler chickens with right 
ventricular (RV) hy~rtrophy, caused by pulmonary hy
pertension, and ascttes has been described by Burton, 
Besch & Smith (1968), Burton & Smith (1967, I969), 
Cueva, Sillau, Valenzuela, Ploog & Cardenas (1970), 
Cueva, Sillau, Valenzuela & Ploog (1974), Sillau, 
Cueva & Morales (1980) and Tellez Isaias, Paasch Mar
tinez, Lopez Coello & Esperanza Garcia (1986). Dila
tion of the right ventricle found in broilers with ascites 
was suspected of having been caused by a combination 
of furazolidone and salt toxicity (Orr, Ltttle, Schoender
woerd & Rehmtulla, I986). Julian & Wilson (1986) 
found RV hypertrophy in ascites at sea level, while 
Huchzermeyer & De Ruyck (1986) found apparently cli
nically normal broilers with various degrees of RV hy
pertrophy both at sea level and at altitude. 

In cattle the genetic basis for high altitude adaptation 
was demonstrated by the selection of susceptible and 
resistant lines (Will, Hicks, Card & Alexander, I970, 
I975; Weir, Tucker, Reeves, Will & Grover, I974; 
Grover, Will, Reeves, Weir, McMurtry & Alexander, 
I975). 

The susceptibility and resistance to altitude disease of 
the Hilltop and Madison strains, respectively, of Sprague 
Dawley rats were described by Ou & Smith ( 1983, 1984) 
and Ou, Hill & Tenney (1984). 

By breeding from survivors at an altitude of 3 093 m it 
was possible to reduce rearing mortality in White Leg
horn chicks from 80 % to 25 % withm 6 generations 
(Smith & Abbot, I961). Broilers were found to be more 
susceptible to altitude disease than laying breeds, while 
village fowls were completely resistant (Pizarro, Salas & 
Paredes, 1970). 

Apparent strain differences in the susceptibilitY. of 
broifers to ascites have been reported by Julian & Wtlson 
(1984) and Lopez Coello, Odom & Wideman (1985). 
Sillau & Montalvo (1981) reported on the genetical 
adaptation to high altitude in broilers after exposure for 
several generations. 

In order to investigate further the possible involve
ment of genetic factors in the pathogenesis of the pulmo
nary hypertension syndrome, a trial was carried out to 
study the susceptibility of commercial broiler strains 
available at present in South Africa. 
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MATERIALS AND METHODS 

Broiler strains 

Fertile eggs were obtained from different broiler 
breeders representing 4 commercial strains, but originat
ing from parents of different ages and held at different 
locations and altitudes. 
Incubation and rearing 

These eggs were set simultaneously, incubated and 
hatched at one commercial hatchery operating at an alti
tude of I 585 m. After hatching, the chicks were 
transferred to the trial site at the Animal and Dairy 
Science Research Institute, Irene, at an altitude of I 350 
m. Four hundred and forty chicks of each strain were 
divided into 4 groups of I I 0 birds each. The pens hous
ing the groups were randomly distributed in a controlled 
environment house, to provide equal conditions for all 4 
strains, and normal broiler vaccination and feeding pro
grams were followed. 

Because of the reported higher incidence of ascites in 
winter than in summer (Villasenor & Rivera-Cruz, 
1980), the trial was conducted during winter from 16 
July-4 September 1984. 
Collection and specimens 

On Days 9 and I6, 48 birds per strain (12 per pen) 
were mass-measured and slaughtered and the hearts col
lected for dissection. On Days 23, 30, 37 and 44 each, a 
further 24 birds per strain (6 per pen) were sacrificed 
following the same procedure. 

All the birds that died during the trial were examined. 
Birds that died from ascites were also mass-measured 
and their hearts collected for dissection. At 51 days the 
remaining birds were mass-measured and slaughtered 
and their hearts collected. 
Dissection of the hearts 

All the hearts were dissected as soon as possible after 
death or after collection to obviate mass changes through 
drying. Dissection and determination of the API fol
lowed the previously described procedure (Huchzer
meyer & De Ruyck, 1986). 
Statistical analyses 

Frequencies between groups, ages or sexes of birds 
were compared by means of the chi-squared test, with a 
test level of a = 0,05. If multiple comparisons between 
groups, ages or sexes, were carried out, the 2 x 2 chi
squared test was used, for which the test level was di
vtded by the number of comparisons made (a= 0,05/x) 
(Type I error protection). 

Differences between mean API-values were tested by 
means of an analysis of variance for a completely ran
dom desi~n. Multiple comparisons between means were 
done, usmg the Bonferroni method. If heterogeneous 
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TABLE 1 Incidence of ascites in the 4 groups throughout the trial 

Group 

A B 

Ascites birds 43 53 
Normal birds 374 a 386 a 

%ascites 10,3 12,1 

Values followed by the same letter are not significantly different 

TABLE 2 Influence of age on the incidence of ascites for all 4 groups 
combined 

Age(days) Cases of ascites 

0-9 0( +2)• 
10-16 s 
17-23 10 
24-30 25(+ 1) 
31-37 37 
38-44 28(+ l) 
45-51 25 

Total 130(+4) 

p = 0,547546 

Normal %ascitic 

1552 0,13 
1363 0,37 
ll72 0,85 
1079 2,41 
983 3,76 
890 3,26 
769 3,25 

Regression details of per cent 
mortality on age 

y = 3,292/[1 + 2998,4 
(0,7383)'] 

F(3 4) = 44,84; P = 0,001548; 
' Ajd.R2 X 0,9567 

• Values in brackets indicate unsexed birds 

variances (non-normality) were present according to 
Bartlett's test, the Kruskal-Wallis non-parametric 
method was used and the multiple comparisons made 
using Dunn's method. 

A logistic curve was fitted to the perfentage mortality 
on the ages of birds. The equation was Y = all + br' 

where a = saturation value for Y 
b = potential growth 
r = change in growth rate 

and t =age 
Simple linear regression calculations were made to 

describe the increase in mean API values on age and the 
decrease in the associated standard deviations. 

Appropriate computer programmes from the pro
gramme library of the Directorate of Biometric and Data
metric Services1

, were used for the analyses. The pro
grammes were run on a Burroughs B7900 computer. 

REsULTS 

The incidence of ascites in the 4 groups throughout the 
trial is shown in Table 1. It is evident that groups A and 
B had significantly more ascites than groups C and D. 

The influence of age on the incidence of ascites for all 
4 groups combined is shown in Table 2. A curvilinear 
relationship was evident for percentage ascites mortality 
on age. A logistic (growth) curve fitted better than a 
Gompertz curve (based on probability). More values 
over age, however, are preferred to describe the possible 
decrease of percentage ascites mortality after approxi
mately 40 days. Because of the relatively large devia
tions of the observed values from the logistic curve, the 
95 % confidence intervals are large. To obtain the exact 
relationship with more age groups may require too big an 
experiment to justify the costs involved. 

1 D. L. Els, Jacqueline S. Galpin, J. F. Waldeck and the second co
author 
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Test values 

c D 

19 19 X2(3) = 26,285 
388 b 404 b p = 0,000008 

4,7 4,5 

The influence of sex on the incidence of ascites for all 
grouys combined is presented in Table 3. Assuming 
equa numbers of male and female birds in each age 
group (in fact 50,92 % males), it is evident, that sex 
apparently has no influence on the incidence of ascites. 

The percenta~es of incidence of high API values 
(> 0 29) of climcally normal birds of the 4 groups of all 
a~es 'are given in Table 4. It is evident that significant 
dtfferences in the totals exist between groups. Although 
some overlapping occurs, the general trend is that 
Groups C and D have fewer birds with high API values 
than Groups A and B. This trend corresponds closely 
with the percentage ascites birds in each group and 
points to a relationship between the incidence of higher 
API values and the frequency of ascites mortality in a 
particular group. This is, of course, supported by the 
mean API values per group for 51-day-old normal birds 
(Table 5). 

The details of API values for the 4 groups at 51 days 
are demonstrated in Table 5. It was possible to single out 
this age group because of the large number of birds per 
group sacrificed at this _age (rang_in~ from 181 to 215), 
which allowed for meamngful statistical analysts. 

An indication of bimodality of API-values is given by 
the fact, that heterogenous variances among the 4 groups 
existed (X2

( 3) = 30, 172; P = 0,000 000). The results of 
Dunn's multiple comparison test indicate that Group B 
birds had si~nificantly higher API values than Groups C 
and D. Aga10 evidence of a relation between API values 
and ascites frequencies is present. Compare mean ranks 
with ascites frequencies in Table 1. 

The distribution of percentages of API values of the 4 
groups at 51 days is also presented in Fig. 1 , together 
with that of the ascites cases of all groups and ages com
bined. Higher peaks i~ the rangt;s f!'om 0, 18-0,~2 cha
racterize the groups with lower 10c1dence of ascites (C 
and D), whereas Groups A and B have lower peaks in 
this range. The peak of the ascites cases ranges from 
0,38--0,46 with a total range from 0 ,30-0,64. 

A comparison of the mean API valut;s of_ cli!lical!Y 
normal birds over age for all groups comb10ed IS gtven 10 
Table 6. This shows a s~gnificant (linear) de~~ase .of 
mean API with age, whtle the standard deviation 10-
creases significantly with age, an indication of increased 
variability of the API with age. 

A further comparison of mean live mass at 51 days, 
percentage incidence of ascites, percentage of high API 
values of clinically normal birds at 51 days and mean 
API values of climcally normal birds at 51 days of the 4 
groups is presented in Table 7. 

DISCUSSION 

Mortality from ascites reportedly occurs as early as 1 
week of age (Buys & Barnes, 1981; Lopez Colleo et al., 
1985). In the present trial the 1st cases of ascites were 
recorded on Day 6. Mortality subsequently increased 
until Day 37 and then gradually declined. It is impossible 
to say, however, whether this decline after Day 37 is a 
true reflection of the field situation or an anomaly due to 



Q) 
() 
c:: 
Q) 

"C ·o 
c:: 

~ 0 

25 

20 

15 

10 

5 

a/\\ if·e · 
r : ' ~· : ' J . \ 
~ \ 1,....__.;.-.., 
~ 
J : 
1 ! 
• I 

1 I 
j! 
• I 

j I 
I 
I 
I 
I 
I 
I 
I 

• I 
• I 
• I 
• I 

I 
I 
I 
I 
I 

t 
I 

I 
I 

I 
I 

I 

0,2 0,3 

FIG. I Frequency distribution in per cent of the API values of clini
cally normal broilers of the 4 different groups at 51 days (A: n 

TABLE 3 Differences in incidence of ascites between sexes 

Male 
Age 

F. W. HUCHZERMEYER, AN M. C. DE RUYCK & H. VAN ARK 

-A: n • 184 

+ B: n • 199 

* c: n • 199 

-G 0: n • 215 

-- AIIC1tll Cl888 : n • 134 

API 
0,4 

= 184, 8: n = 199, C: n = 199, D: n = 215) and of ascites 
cases of all ages and groups combined (n = 134) 

Female 
X2(1) Probability 

Ascitic Normal Ascitic Normal 

0-9 0 120 0 
10-16 1 99 4 
17-23 5 40 5 
24-30 13 62 12 
31-37 17 41 20 
38-44 14 49 14 
45-51 16 380 9 

Total 66 791 64 

TABLE 4 Percenta~es of incidence of high API values in clinically 
normal birds of all ages by group 

Group A 8 c D 

API 
% 17,9Ia 18,39a 8,50b 12,13ab 

>0,29 

X2( 3) = 21,589; P = 0,000079 
Values followed by the same letter are not significantly different 

the relatively small numbers involved. Conversely, 
mean API values of clinically nonnal birds decreased 
with age (Table 6). 

Apparent differences of commercial broiler strains in 
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69 - -
92 0,9072 0,340850 
53 0,0077 0,929924 
84 0,8523 0,355905 
52 0,00001 0,997600 
45 0,0003 0,985913 

417 1,9738 0,160045 

762 0,0755 0,783457 

their susceptibility to ascites have been observed in the 
past (Julian & Wilson, 1984; Lopez Coello et al., 1985). 
Two of the strains, A and B, used in this study suffered 
high losses from ascites, while the other 2 strams, C and 
D, showed a certain degree of resistance. 

There were practically no differences in the averages 
of API values of the ascites cases from the different 
groups. Their API values ranged from 0,30--0,64 (Fig. 
1). This range and the dip in the incidence curves of API 
values of clinically nonnal birds killed on Day 51 at 0,28 
were taken as the cut-off point between low ( <0,30) and 
high (>0,29) API values (Table 4). It is interesting to 
note that the groups with a higher incidence of high API 
values also suffered higher ascites mortality. There was a 
wide range to the right of the nonnal distribution curve 
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TABLE 5 Details of API values for the 4 groups at 51 days 

Group 

A B c D 

Mean API 0,232 0,238 0,216 0,222 
Range 0,13--0,44 0,13--0,44 0,14--0,45 0,14--0,47 

n 184 199 199 215 
S.D. 0,0618 0,0572 0,0419 0,0537 

Mean rank 412,57 ab 451,24 b 361 ,40 a 373,83 a 

Kruska-Wallis X2b) = 18,891; P = 0,000288 

Values followed by the same letter are not significantly different 

TABLE 6 Comparison of mean API-values of clinically normal birds 
over age for all groups combined 

Age 
(days) xAPI n so 

9 0,261 184 0,038 
16 0,269 191 0,042 
23 0,258 93 0,050 
30 0,250 96 0,047 
37 0,244 93 0,046 
44 0,231 94 0,058 
51 0,227 797 0,055 

Regression y = 0,27769- y = 0,03591 + 
equation 0,00098x 0,00040X 

F;P 46,64; 0,00103 15,67; 0,01075 

TABLE 7 Comparison of mean live mass at 51 days, percentage inci
dence of ascites (Table I ), percentage of high API values 
of clinically normal birds at 51 days (Table 4) and mean 
API values of clinically normal birds at 51 days (Table 5) 
of the 4 groups 

Groups x live mass % ascites % API >0,29 'X API 

A 2327,3 10,3 17,91 0,232 
B 2328,7 12,1 18,39 0,238 
c 2329,8 4,7 8,50 0,216 
D 2478,6 4,5 12,13 0,222 

(Fig. l) and possible bimodality of distribution of the 
API values. Consequently, their separation into low and 
high offered an alternative way to present the results . 

In spite of this wide range of distribution there were 
still significant differences between some of the average 
API values of the different groups coinciding with the 
ascites mortality pattern. Consequently, the determi
nation and analysis of API values of all birds in a group 
can be regarded as an important tool in the investigation 
of broiler ascites. 

The finding in this trial that sex had no influence on 
the incidence of ascites (Table 3), is in contrast to the 
results reported by Velasco (1973) , who in a trial involv
ing 6 331 broilers at an altitude of 3 320 m found an 
incidence of ascites of 12,4 % in males and 3,7 % in 
females . At present there is no explanation for this dis
crepancy. 

It is interesting to observe that the group with the 
highest mean live mass at 51 days showed the lowest 
incidence of ascites cases (Table 7). 

Differences in the susceptibility to ascites in different 
commercial broiler strains as seen in this study can only 
be explained as genetic. The practical solutiOn of the 
broiler ascites problem therefore rests with the selection 
for resistance to ascites in broiler breeding stock. 
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