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ABSTRACT. Necropsy specimens from chickens on three farms in the Central Province 
of Saudi Arabia were examined for the presence of colisepticaemia-causing organisms. 
Seventy eight strains were characterized biochemically and tested for their antimicro­
bial susceptibilities to eight antimicrobial agents. Most strains exhibited characteristics 
typical of the Escherichia group with a few exceptions. Thus, 12.8% failed to produce 
indole; 1.3% utilized citrate and malonate, produced urease and failed to ferment 
arabinose, maltose and mannitol. Gentamycin and sulfamethoxazole + trimethoprim 
were the most effective antimicrobials tested. Most of the E. coli strains were resistant 
to two or more drugs in various combinations. The use of sulfachlorpyridazin + 
trimethoprim for the treatment of cOlisepticaemia was shown to reduce mortality. 

Colisepticaemia is one of the most important diseases prevalent in chickens at 6-10 
weeks old. It also occurs in baby chicks and chick embryos (Powell and Finkelstein 
1966). Mortality rates usually range from 5-10%, but may reach as high as 50% 
(Gross 1978). In chickens, virulent Escherichia coli strains may cause a primary or 
secondary infection triggered by an initial mycoplasmal or viral infection (Aycardi 
and Lafout 1969). Economic losses in such outbreaks are attributed to three fac­
tors: mortality rate, lowered weight gain and poor carcass quality. 

Biochemical testing of the strains is considered to be significant in these disease 
conditions (Ewing et at. 1974) for differentiating E. coli from other intestinal bac­
teria (Sojka 1965). The emergence of multiple-drug-resistant strains of E. coli in 
poultry has become a major problem (Sato et al. 1980). The routine use of sub­
therapeutic concentrations of antibiotics in feed and water has resulted in the 
development of large populations of drug-resistant E. coli on poultry farms (Linton 
1977). 
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This study deals with the isolation of E. coli strains from poultry farms having 
colisepticaemia problems. Biochemical characterization of the strains, in vitro sus­
ceptibility testing of the isolates to eight antimicrobial agents and epizootiological 
investigation of one broiler poultry farm with a long history of colisepticaemia are 
reported. The emergence of furazolidone-resistant E. coli as a result of feeding the 
drug in low concentrations is discussed. The possibility of reducing mortality in 
broilers by the use of an alternative drug (sulfachlorpyridazin + trimethoprim) was 
studied. 

Material and Methods 

Farm History 

Necropsy specimens (livers and hearts) were collected from 31 birds (13 living 
and 18 freshly dead) on progeny farm 1, while only livers were collected from 26 
birds (10 living and 16 freshly dead) on progeny farm 2. On the breeding farm, 
livers, from 47 freshly dead breeders, 60 inshelled chick embryos and 60-day old 
chicks were examined . Abnormal mortality rates were not observed on the breed­
ing farm, but the two progeny farms were having recurrent outbreaks. The 
maximum weekly mortality rates in seven different broods on progeny farm 1 
ranged from 8.91 to 34.9%. Since no facial swelling or nasal discharges were 
observed in the infected birds, mycoplasmosis could be excluded. Records were 
taken on this same farm of seven broods of reared broiler chicken and their mor­
talities and nature of antibiotic therapy. One kilogram of furazolidone was added 
per ton of feed during the two-month growing period. When colisepticaemia occur­
red, the level of furazolidone was raised to 2.5 kg per ton of feed. 

Culturing of Necropsy Specimens 

Each of the hearts and livers was seared with a flamed spatula and a loopful 
of its internal tissue was streaked onto MacConkey agar (Difco). Blood agar was 
also used for culturing some of the samples, since lesions similar to those produced 
by E. coli may be produced by many other bacteria. 

Testing of Water Samples 

Water samples were cultured by the multiple tube method (Rand et at. 1976). 
The water samples were collected from the main well of the farm, at different times 
of about 10 min intervals. This well water is distributed to different reservoirs in 
the chicken houses . 

Biochemical Characterization 

Suspected E. coli isolates were tested for their ability to ferment five sugars 
(arabinose, glucose, lactose, maltose and mannitol), production of indole , nitrate 
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reduction, methyl red and Voges-Proskauer reactions, citrate utilization, gelatin 
liquefaction, HzS production, urease production and malonate utilization (Ewing 
et al. 1974). 

Antimicrobial Susceptibility Testing 

The Bauer-Kirby disk diffusion method (Bauer et al. 1966) was used to deter­
mine the susceptibility of 78 biochemically confirmed E. coli strains. Eight antimic­
robial agents commonly used to treat cOlisepticaemia in poultry were chosen for 
testing (Table 3). 

Results 

Chickens from progeny farm 1 showed similar gross lesions, fibrinous pericar­
ditis and hepatitis with serous membrane opacity and gelatinous exudate on the 
liver and heart surfaces (66 .6% of autopsied dead birds and 53.8% of living ones). 

Table 1. 	 Sources of 78 Escherichia coli strains tested biochemical.ly and for antimicrobial 
susceptibility. 

Source of Strains Nature of Source No. of %of(+ve) No. of Strains 
Specimens Index* Specimens Specimens** Selected to 

Charac­
terize*** 

Broiler breeding 
farm 

Dead breeders Livers I 47 40.4 18 
Chicken embryos Livers II 60 45.0 13 
(living) 
Day-old chicks Livers III 60 8.3 2 
(living) 

Progeny farm 1 
One month-old Livers IV 31 64.5 16 
broilers·· · • Hearts V 31 90.3 16 

Well 
water VI 10 60.0 5 

Progeny farm 2 
One month-old Livers VII 26 30.8 8 
broilers' ··· 

Total 265 42.6 78 

Each source is given a different index using roman numbers . 
•• (+ve) is a symbol for positive . 

*** Each strain was recovered from a separate sample. 
**** About half the birds examined were clinically ill; remainder had just died . 

http:biochemical.ly
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Some livers, especially those of breeders (23.4%), had only whitish pin head foci 
of necrosis. Eight percent of autopsied birds on progeny farm 1 had inflamed air 
sacs and contained yellow caseous material. Seven percent of the living day-old 
chicks and 14% of the inshelled embryos had caecal casts similar to those found 
in salmonellosis. 

Colisepticaemia was present to various extents on the three farms investigated. 
Progeny farm 1 had the highest mortality and percentage of positive E. coli sam­
ples, as observed in 90.3% of hearts examined (Table 1). Profuse pure growth of 
brick red E. coli colonies on MacConkey agar resulted from primary cultures of 
positive visceral organs, indicating the disease outbreaks were most likely colisep­
ticaemia. 

In general, the E. coli strains isolated from seven sources (Table 1) on three 
poultry farms matched biochemically with the known reactions of this organism. 
A few unusual strains were encountered, such as 12.8% of E. coli strains failing 
to produce indole, the 1.3% utilizing citrate and malonate, producing urease and 
failing to ferment arabinose, maltose, and mannitol (Table 2). 

Table 2. 	 Biochemical characterization of 78 Escherichia coli 
strains encountered 011 Saudi Arabian poultry farms. 

Biochemical Tests No. of Positive 
Strains 

% of Positive 
Strains 

Fermentation of sugars 
Glucose 78 100.0 
Lactose 78 100.0 
Arabinose 77 98.7 
Maltose 77 98.7 
Mannitol 77 98.7 

Nitrate reduction 78 100.0 
(24 Hr. incubation) 
complete reduction 58 74.4 
incomplete reduction 20 2.6 

Methyl red reaction 77 98.7 
Indole production 70 89.7 
Citrate utilization 1 1.3 
Malonate utilization 1 1.3 
Urease production 1 1.3 
Gelatin liquefaction 0 0.0 
H2S production 0 0.0 
Voges-Proskauer reaction 0 0.0 
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The results of in vitro susceptibility testing of 78 randomly selected E. coli 
strains to eight antimicrobial agents are shown in Table 3. A wider spectrum of 
resistance and greater percentages of resistant strains were encountered on the two 
progeny farms. The E. coli isolates from all seven sources showed almost equally 
high percentages of resistance to streptomycin and sulfathiazole and total suscepti­
bility to gentamycin. The percentages of strains resistant to each antimicrobial 
agent and their sources are given in Table 4. 

Weekly mortality percentages by age groups and broods on progeny farm 1 
are reported in Table 5. Furazolidone was given to the seven broods beginning 
with day one at a low concentration (1 kg/ton of feed) as a preventive measure 
against recurrent colisepticaemia. The concentration of furazolidone was raised to 
2.5 kg/ton of feed whenever outbreaks occurred. In the first five broods, the per­
centages of mortality in the week following treatment was reduced compared to 
existing values for the week when treatment was initiated. This reduction ranged 
from 4.28 to 21.97%. Brood six did not respond to treatment and the mortality in 
the week following the onset of treatment actually increased. Brood seven , was 
extensively investigated and 87 .5% of the E. coli strains recovered from livers were 
resistant to furazolidone, as shown by in vitro testing . Gentamycin or sulfa drug 
+ trimethoprim were prescribed as alternative drugs. Since gentamycin was not 
available where the farm was located, sulfa chlorpyridazin + trimethoprim was 
used instead. This alternative drug was added to the water as 1.5 g/liter for a period 
of three days . The reduction in mortality during the week following treatment was 
9.26%. 

Table 3. In vitro susceptibility of 78 Escherichia coli strains encountered on Saudi Arabian 
poultry farms to 8 antimicrobial agents. 

Antimicrobial 

Agent 


Gentamycin 
Sulfamethoxazole 

+ 
Trimethoprim 
Chloramphenicol 
Nitrofurantoin 
Furazolidone 
Tetracycline 
Streptomycin 
Sulfathiazole 

Disc 

Potency 


10 meg 
23 .75 meg 

+ 
1.25 meg 

30 meg 
300 meg 
100 meg 

30 meg 
10 meg 

1 mg 

Suscep- % 
tible 

78 100.0 

74 94.9 
65 83.3 
47 60.3 
44 56.4 
25 32 .1 

6 7.7 
3 3.8 

Inter- % 
mediate 

0 

1 
0 
5 
3 
4 
7 
0 

0.0 

1.3 
0.0 
6.4 
3.8 
5.1 
8.9 
0.0 

Resis- % 
tant 

0 0.0 

4 
13 
26 
31 
49 
65 
75 

5.1 
16.7 
33 .3 
39.7 
62.8 
83.3 
96.1 
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Table 4. Percentage of E. coli strains resistant to 8 antimicrobial agents and its relationship 
to their sources. 

Antimicrobial Number Percentage of resistant E. coli per each indexed source 
agent or 


resis­ 1118* 111/211/13 IV/16 V/16 VIIS 
tant 

strains 

Gentamycin 0 0.0 0.0 0.0 0.0 0.0 
Sulfamethoxa­

zole 

0.0 

+ 
trimethoprim 4 0.0 0.0 12.5 0.0 0.0 25.0 
Chloramphe­

nicol 

0 .0 

0.0 7.7 0.0 37.5 25 .0 0.013 25 .0 
Nitrofurantoin 0.0 15.4 0.0 75.0 20.0 75 .0 
Furazolidone 

26 31.2 
31 22.2 15.4 0 .0 87.5 37.5 0.0 62.5 

Tetracycline 49 33 .3 23.1 0.0 31.2 37.5 20.0 100.0 
Streptomycin 75.065 100.0 100.0 100.0 75.0 0.0 100.0 
Sulfathiazole 75 100.0 93.7 100.0 60.0 100.0100.0 100.0 

* 	 Roman number is indexed source and arabic number is number of strains isolated from 
each source. 

Discussion 

The isolation of E. coli from livers of freshly dead breeders, inshelled embryos 
and day-old chicks on the breeder farm and from chickens' livers on progeny farms 
demonstrated the occurrence of colisepticaemia on these farms. The observed 
symptoms and lesions were typical of this disease (Nasralla and Ismail 1980). In 
the differential diagnosis, mycoplasmosis could be excluded because of the absence 
of facial swellings and nasal discharges in the sick birds. It is thought that E. coli 
infection was the primary cause of the outbreaks, especially on progeny farm 1 
since E. coli colonies were isolated profusely and in pure culture on plates directly 
streaked from infected organs. The occurrence of highly virulent strains of E. coli 
as the primary cause of colisepticaemia outbreaks was reported by Fagerberg et al. 
(1975). 

Biochemical reactions of the 78 E. coli strains closely matched with the known 
group of reactions of this genus with few exceptions. The occurrence of bacterial 
strains with unusual biochemical reactions has been reported by Weber et at. 
(1981). 

The antimicrobial agents tested showed different degrees of effectiveness to 
the 78 E. coli isolates. Gentamycin, sulfamethoxazole + trimethoprim and 

0.0 
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chloramphenicol were the three most effective drugs. The emergence of resistant 
E. coli from various avian sources has been under continuous study (Caudry and 
Stanisich 1979, Dubel et al. (1982). 

Hellers and Williams (1973) based their epidemiological studies for E. coli 
infections in poultry on resistance patterns of the isolates. The similarities in the 
percentages of resistance of the E. coli isolates, from seven different sources in 
our investigation, to different antimicrobial agents (Table 4) suggest that such 
strains originate from one common source. The most likely source for the out­
breaks described here is the day-old chick. The various progeny farms in the 
Kingdom have probably become contaminated by the introduction of infected 
day-old chicks. The E. coli strains recovered from water showed different patterns 
of resistance to antimicrobial agents than the strains isolated from necropsy speci­
mens on the same farm. This indicates that the water is an unlikely source of the 
E. coli infecting poultry on progeny farm 1. 

The intensive use of furazolidone on progeny farm 1 could have resulted in a 
marked resistance of the E. coli isolates (Table 4). The emergence of resistant E. 
coli after prolonged antimicrobial medication of poultry, especially at low concent­
rations, has been reported by Smith and Tucker (1978) and Braide and Oboeg­
bulem (1980). No work has been reported on the prolonged effect of furazolidone 
given to poultry at low concentration on the emergence of resistance in E. coli 
strains causing colisepticaemia. It is required by drug manufacturers to determine 
if the administration of antibacterial drugs at sub-therapeutic levels results in 
disease that is more difficult or impossible to treat with therapeutic levels of the 
same drug (Fagerberg et al. 1976). 

The alternative drug selected from the treatment of brood seven (Table 5), 
namely, sulfachlorpyridazin + trimethoprim, caused a significant reduction in mor­
tality. This reduction in mortality to normal, due to antibacterial drug, strengthens 
the evidence of E. coli being the primary cause of such outbreaks. Research on 
this combination for treating colisepticaemia in poultry is continuing (Rosselet et 
al. 1981). This combination has shown a synergistic in vitro effect against E. coli 
strains (Amyes 1982) and has been used for treatment of bacterial diseases as­
sociated with cancer (Grose et al. 1979) and paracoccidiodomycosis in man (Ste­
vens and Vo 1982). 

Virulent E. coli from chickens could colonize the human gut (Linton et al. 
1977) but probably would not be as virulent for man. However, such strains could 
become harmful by transferring their resistance factors to other E. coli strains or 
other bacteria that are virulent for man (Wachsmutch et al. 1983). 

Testing of newly hatched chicks for potential bacterial pathogens before they 
are distributed to rearing farms would be most helpful for instituting preventive 
measures to reduce colisepticaemia and other infections on poultry farms. Evalua­
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Table 5. Weekly mortality percentages on progeny farm 1. 


Brood Percentage mortality per each week Reduc-
No. tion in 

1* 2 3 4 5 6 7 8 mortali­
ty per­
cent** 

1 1.13 1.10 1.13 3.16 11.05 18.90 34.93*** 12.96 21.97 
2 1.13 1.22 3.00 5.25 8.28 16.73 15.16*** 4.93 10.23 
3 1.84 1.06 2.08 2.25 1.63 2.90 19.57*** 14.23 5.34 
4 1.25 1.18 3.81 11.30 17.81 15.13*** 10.62 4.37 4.51 
5 1.30 1.28 4.62 8.91*** 4.63 3.55 4.39 0.33 4.28 
6 2.41 0.59 0.46 1.06 3.26 4.93 9.71*** 12.25 -2.541 
7 0.65 0.55 0.70 0.44 1.44 5.59 10.88**** 1.62 9.26 

Furazolidone was added to feed in ratio of lkglTon of feed starting from first day 
of chicks age, preventive level. 

** Reduction in mortality is measured as: % Mortality in treatment week minus % 
mortality in the week after treatment. 

*** Week of treatment with furazolidone, 2.5 kgITon of feed. 
**** Week of treatment with sulfachlorpyridazine + trimethoprim, 1.5g1liter of water, 

Cosumix plus®, Ciba-Geigy, Switzerland. 

tion of disinfection and hygiene practices on poultry farms and hatcheries for 
ability to eliminate virulent bacteria is also recommended. Proper intestinal flora 
in the chicken should be maintained to prevent invasion of the digestive tract by 
pathogenic bacteria (Adler and Damassa 1980). 
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