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SUMMARY

Twenty eight week-old chickens infected oraily with
16.5x10% viable Salmonella gallinarum organisms in
Aml. brain heart infusion broth were shown to be pro-
wcted against infection by -feeding them on diets con-
ining cither 0.0055 percent or (2011 percent
‘wrazolidone. The higher concentration was more effec-
Te as judged by the clinical symptoms, mortality, egg
aroduction, post mortem lesions and the isolation of
m¢ infecting organism from the visceral organs of the
dead chickens. About 600 isolates of E. coli from the
cuckens both before and during the course of infection
= ete sensitive to furazolidone disc (100mcg). The infec-
wmg organism and about 300 isolates ot the organism
wsted during the course of infection were also sensitive
w furazolidone. No ‘‘carriers’” were detected in
:nvickens fed on diet containing (.011 percent
farazolidone.

It is therefore recommended that furazolidone can be
red effectively as feed additive for pouitry.

*N-(5-Nitro-2-Furfury lidene)-3-Amino-2-
Oxazolidone.

INTRODUCTION

Furazolidone has been shown to be
~.zhly effective in controlling bacterial in-
‘zction in livestock (Herbert and Chang,
.¥09; Gross, 1961; Richey and Morgan,
.939; Bierer amd Vickers, 1960; Smith, 1955
z2d Smith and Tucker, 1975). In vitro tests
snowed that only 5 out of 2143 Salmonella
sirains isolated from animals in England
:nd Wales were resistant to furazolidone
25¢ (50 mcg) (Sojka, Slavin, Brand and
Davies, 1972). Sojka and Hudson (1976)
“2und only 0.8 percent of 2116 Salmonelia
srains isolated from animals in England
and Wales resistant to furazolidone (15
oicg). Walton (1972) made quantitative
studies of the resistance of faecal E. coli in

pigs given furazolidone or nitrovin in their
feed for 24 days. There were fluctuations in
resistance {greater than 5 mcg/ml.) but no
cross reaction between the 2 drugs nor
development of resistance to other drugs
occurred.

Salmonella and E. coli strains ‘isolated
from animals in Ibadan were shown to be
resistant to the tetracyclines (10 mcg) and
some other antibiotics (Ojo, 1972a; Ojo and
Moomaw, 1972b and Ojo, 1973) but none
of these was resistant to furazolidone (Ojo
and Ahanihu, 1974). In Nigeria, presently,
the antibiotics used as feed additives are the
tetracyclines to which majority of strains of
Salmonella and E. coli isolated from
animals are found to be resistant. Falade
and Thomilinson (personal communication)
have shown that high rate of transfer of
R-factor occurred in 4 out of 11 strains of
E. coli isolated in Ibadan while the other
strains also showed low rate of transfer.

The information obtained so far show that

furazolidone resistance, when it ocgurs, is
not infective.

The present work was carried out to
determine the effects of diets containing
furazolidone on chickens infected orally
with Salmonella gallinarum. The ex-
periments described in this report were
undertaken in an attempt to simulate a
naturally occurring bacterial disease in
poultry which would oprovide a test of the
value of furazolidone in conditions similar
to those of veterinary practice. S.
gallinarum was selected as the infecting
organism because of its economic. impor-
tance in the poultry industry and also
because the salmonellae are among the few
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genera of bacteria with which experimental
diseases can be produced without resorting
to unnatural routes of infection. The oral
route was also chosen because this is the
natural route of infection and the route per-
mits the development of immunity which is
often of importance in the therapy of
natural diseases.

MATERIALS AND METHODS

Animals. Two hundred and fifty Haco
chicks were purchased as day-old from a
reputable local poultry farmer. They were
reared together in a brooder from day-old
till 6 weeks of age and then on deep litter till
the age of 24 weeks when they were
transferred to battery cages. The chicks
were fed ad lib. on Pfizer feed (Pfizer Ltd.,
ikeja).

Saimonella strain. A local strain, isolated
during an outbreak of fowl typhoid in a
group of layers, was used. The strain was
confirmed to be Salmonelia gallinarum by
Dr. B. Rowe of Salmonella/Shigella
Reference Laboratory, Central Public
Health Laboratory, Colindale, London.

Infection method. The smooth strain of
S. gallinarum was inoculated into brain
heart infusion broth (Oxoid) and in-
cubated at 37°C for about 18h. The
chickens were starved for 48h. before oral

dosing with 16.9x10% organisms in 3ml.
brain heart infusion broth. One hundred

and fifty chickens were infected when
they were 28 weeks old.

Bacteriological examinations. Viable
counts on sample of challenge cultures
were carried out immediately after use on
nutrient ager (Oxoid) by the method of
Miles and Misra (1938). The average of 3
counts was taken as the infecting dose.
Cloacal and tissue swabs as well as con-
tents of eggs laid by the infected chickens
were examined by direct plating on Mac-
Conkey agar (Oxoid) incubated at 37°C
for about 18h. The identity of suspected
S. gallinarum was confirmed by
serological test.

In vitro sensitivity of 300 isolates of E.
coli from the chickens before experimen-
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tal infection, the infecting organism S.
gallinarum as well as 300 isolates each of
E. coli and S, gallinarum from the ex-
perimentally infected chickens, was deter-
mined on ‘““Well cotest’ agar (Wellcome
Reagents Ltd., Ikeja) against
furazolidone (100mcg., BBL, Maryland,
U.S.A.} by the disc diffusion method.
The plates were left at room temperature
(25°—28°C) for 1h. before incubation at
37°C for 24h. The zones of inhibition
were then measured in mm.

Clinical observations. Daily records of
general physical appearance, appetite,
consistency of faeces, the number of eggs
laid and mortality were kept.

Diets. Normal layer’s mash with or
without furazolidone was wused
throughout the experiment. Normal
layer’s march consisted of:-
NIAIZE: v 505 5 5a3 Bas 5 000 & 581 .90k;g
Groundnut cake. .. ... . cous 110.45kg
YRASE ... & fone Bl & B8 Sod § 103 22.70kg
Bload meal:. - s wow « am 45.70kg
Ricebran.. ............... 22.70kg
Luru (Dried vegetable leaves)36.36kg
QOyster shells. ............. 50.00kg.
Dicalcium phosphate. .. .. .. 45.40kg
Salt ........... ... .. ...... 3.20kg

Agricare mix (Pfizer Ltd., Ikeja.5kg

The materials were thoroughly mixed
without antibiotic. This feed was
designated diet C.

Diet A. It was prepared by mixing 500gm
of nf—180 furoxone (11 percent
furozolidone, Eaton Laboratories, New
York) with 1,000kg of diet C, so that the
final concentration of furazolidone in the
feed was 0.0055 percent.

Diet B. Similar to diet A but with double
the amount of furazolidone (0.011
percent).

Post mortem examinations. Thorough
post mortem examinations were carried
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aut on the chickens which died and those
which were killed at the termination of the
sxperiment. Specimens of lung, liver,
ovary/oviduct, brain, bone marrow,
spleen, heart and kidney tissues were
cultured for S. gallinarum on MacConkey
agar,

Serology. Stained antigen slide agglutina-
;on test using S, pullorum antigen and
r:be agglutination test according to the
method of Smith, Larkin and
Brooksbank (1972) were carried out on
“he sera of slaughtered chickens at the end
>t the experiment.

Experimental designs. The experimental
chickens were divided into 8 groups, as
:1own in Table 1.

Group 1 (Al): was put on diet A 3 days
~efore infection.

Group 2 (A2):; was put on diet A on the
2ay of infection.

aroup 3 (A3): was piit on diet A when
siinical signs of fowl typhoid were seen in
ne infected chickens.

Group 4 (Bl): was put on diet B 3 days
~efore the infection.

Zroup 5 (B2): was put on diet B when
-.inical signs of fowl typhoid were seen in

-~e infected chickens.
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Group 7 (Cl): was infected and put on
diet C.

Group 8 (CU): was uninfected and put on
diet C.

The chickens were kept on their various
diets for 20 days to permit evaluation of
the prohyllactic and chemotherapeutic ef-
ficacy of the 2 concentrations of
furazolidone. All the chickens were then
put on diet C and observed for relapse of
infection for 7 days then put on their
respective diets. All the chickens were kill-
ed 40 days post infection,

RESULTS

Clinical Observations: The significant
clinical observations in the infected
chickens were anorexia, soft yellowish-
green faeces, droopiness and ventral
recumbency. Clinical signs were first
noted 4-—7 days post infection in Cl
group. The severity varied according to
the type of diet fed to the birds. Birds in
A2 and B2 groups were lcast affected
while those in C1 group were the most
severely affected. The birds in CU group
did not show any clinical signs of fowl
typhoid.
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TABLE 1

Experimental designs and mortality patterns

Group No. No. of dead chickens on days Total
infected dead
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* Birds were put on C feed
** Birds were put back on their respective feeds

Birds in C1 and CU groups were put on C feed throughout the period of experiment.
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TABLE 2

The effects of diets and infection on egg production

Group No. of Eggs laid by chickens on days Total  Average per
chickens . chicken

b 23 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

222022 22 2 22 222 22283232323 353994832508
F 222222222222 222222222222227122.:2
222 22 2 222222222232 23222 222292329
2 2 333 33333333333323233232323232333133
33333 33333233333233323333332331373733
33 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 48 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
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9
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5555556 66 6 6 66 66 6666666666666 6 6
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¢ 8 88 999999999 999999 999 996999 Fog g
9 9999999999 9% 99999999 99 99 999 9 9 9
9 9 Al A2 Bl B2 B3 CI(A) CK(B) CU 10 10 10 20 20 19 19 19
I:2§ 3.15 0.7 2.7 4.4 L2 0.65 0 1.9 0 000000 0 0 010
10 10 10 10 10 20 20 20 30 30 30 40 40 50 50 50 60 60 60 70 70 70 80
20 80 90 90 90 1 111 11 11 12 12 12 13 13 13 122 22 22 23 23 24 24
25 26 26 27 28 38 38 48 48 58 59 59 62 6 12 23 2 4 25 26 27 28 39 33
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TaBLE 3
Post Mortem Lesions

Group Liver Kidney Spleen Intestine Brain Egg
peritonttis
Al Eniarged Some cases Some cases  Empty in — 1 case
enlarged enlarged one casg
A2 Enlarged Enlarged Enlarged — — —
(2) (2) (2)
10x in one
A3 Soft, — Enlarged empty in — —
yellowish- in some one
green in some cases
cases
Bi Enlarged — — — —_ 1 case
& pale in
same
B2 Slightly Slightly — — — -
enlarged enlarged
in some in some
cases Cases
B3 Pale, — Enlarged — — —
enlarged 3
and soft in
,cases
{1 Markedly Congested Enlarged empty congested Hydroperito-
enlarged in some and dark neum
veliow & soft in colour (2)
in some
CuU — — — empty — —
in one

Mortality patterns: The mortality patterns
are shown in Table 1. The highest mortali-
ty was in the C1 groups, the average mor-
tality being 69 percent. Most of the deaths
in this group occurred between the 7th
and 9th days post infection. The only
death in CU group was from cannibalism
and light coccidiosis.

Egg production: This is shown in Table 2
where it will be seen that egg production
was lowest in A3 and C1 groups. The
average egg per bird is highest in B2
followed by A2.

Post mortem examination: A summary is
shown in Table 3, the important lessions
consisted of enlarged yellow liver, enlarg-
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ed kidney-and spleen. The only bird which
died in CU group had no gross lesions in
the visceral organs but the intestine was
empty. The bird probably died from can-
nibalism.

Bacteriological examinations: The results
of the bacteriological examinations. of
cloacal swabs are shown in Table 4a.

2. gallinarum was iselated from the
cloacal swabs of chickens in group B3 on
the 4th, 6th, 8th, 9th, 12th and 13th days
post infection. The growth of the
organism was moderate. Cloacal swabs of
group CI chickens yielded heavy growth
on the 5th, 8th, 10th, 11th and 13th days
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post infection. No growth from cloacal
swabs of chickens in groups Al, Bl, B2
and CU. was obtained throughout the
period of observation, Table 4b shows the
summary of bacteriological examinations
of post mortem tissues where it will be
seen that heavy growth was obtained from

tissues of chickens in A3, B3 and Cl1
groups. No salmonella was isolated from
the organs of-all the chickens in the dif-
ferent groups killed at the end of the ex-
periment except 2 in group C1 in which S.
gallinarum was recovered from the liver
only.

TABLE 4a
Bacteriological examinations of cloacal swabs

In vitro sensitivity test: The results are
shown in Figs. 1—2. There was not much
difference between the sensitivity patterns
of E. Coliisolates both before and during
the period of the experiment.

Serology: The results are shown in Tables
Sa and Sb. The sera from group Cl and
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Zroup 1 2 3 4 5 7 8 9 10 11 12 13
A: — — - - s — - = - — —_ - —
3 — — — — — — — — — — — — —
Az — — — s — —_ = + e = — — =
A3 — - — — — ++ — — — + 4+ — — +
a3 — — —_ + + — + + — ++  ++ — — ++ 4+
iy — . = - t+++ — - +++ — +++ +++ —  +++

— No Growth

+ Scanty Growth (1—10 colonies)

+ + Moderate Growth (11—20 colonies)
+ + + Heavy Growth (20 colonics and confluent).
TABLE 4b
Bacteriological examinations of post mortem tissues
Zroup Spleen Lung  Bone marrow  Liver Ovary Kidney Brain
33 + + + + 4+ + ++ + + + + + + + + + + + +
43 + + + + 4+ + + i +4 + + 4+ + +++ + +
& ++ + ++ + + + + e ++ + ++ + + + +
- + + — + — + -—
Al + + ++ + ++ + + + * +
B + 4+ + — ++ + + + + — — —
1) (1) (1)

<L — — — — — — —_
Al — —_— — — — — —

— No Growth

+ Scanty Growth

+ + Moderate Growth
~ + + Heavy Growth

one each from groups B3, A3 and A2
were strongly positive (+ + +) with the
strained antigen of 8. pullorum. All the
sera from group B2 were megative by the
slide agglutination test. The results of the
tube agglutination test were similar to
those of the slide agglutination test (Table
5b).
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TABLE 5a

Stained antigen slide agglutination

+ —

o+ + + 4
A2(2) Al B1 B2
Ll B3 Al Cu
> :(_2) A2
CRINY

— Negative
+ Woeakly Positive
+ + Moderately Positive
+ + + Strongly Positive

TaBLE Sb

Tube Agglutination Test Reciprocal of Tires

10 20 40 80 160 320 640
Al Cl Cl Cl Cl1 i 1
= A2
A3
B3 B3(1}
-
DISCUSSION

.o the experiments described. the mor-
v was low in groups Al, A2, Bl and
=2 2efore the birds in the groups were put
-~ diet C. There were significant dif-
zr2nees between these groups and Cli
:m2up (Table 6a). The mortality was
-:.z1ively high in B3 and A3 for the same
s=-:0d, however there was significant dif-
“zr2nce between A3 and C1. The interval
m=aeen infection and death in groups
L. A2. Bl and B2 was longer than in
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groups A3 and.B3. Relapse was clinically
more manifested in groups Al and A2
than in groups Bl and B2 but the mortali-
ty due to relapsc was the same in groups
Al and Bl and about the same in groups
A2 and B2. Statistically there was nc
significant difference between Al, Bl and
C1 at the end of the experiment (Table
6b), but there were significan: differences
between A2, B2 and C! for the same
period.
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TABLE 6a

Statistical Analysis of the Mortality of the Infected Chickens
20 Days Post Infection using ‘1’ test

Remark

Group ‘t" valye

Al B! 0.06 No significant difference (NSD)

2 B2 0.04 NSD
Al B3 0.37 NSD
Al C1 4.24 Significant difference (SD) (P 0.001)
A2 Cl 6.00 SD (P 0.001)
Al Cl 2.55 SD (P 0.05)
21 C1 4.39 SD (P 0.001)
8L Cl 5.89 SD (P 0.001)
B3 Cl 1.92 NSD
Al cu 1.88 NSD
A2 Ccu 1.87 NSD
Az Cu 2.66 SD (P 0.05)
Bi Cu 1.87 NSD
B2 Cu 1.03 NSD
B3 B U 2,79 SD (P 0.05)

TABLE 6D

Statistical Analysis of the Mortality of the Infected Chickens

35 Days Post Infection using ‘t’ test |

. Giroup ‘" Value Remark

A B1 0.12 No significant difference (NSD)

A2 B2 0.34 NSD

Al B3 0.23 NSD

a1 'l .81 NSD

A2 i 3.62 Significant difference (SD)

A3 ¢ 1.23 NSD

R1 'l 1.99 NSD 1

R Cl 4.09 SD (P 0.001) '
3 C1 1.42 NSD

A1 Cu 2.07 SD (P 0.05)

A2 L 0.77 NSD

Al Cu 2.41 SD (P 0.09)

131 (o 1.98 NSD

B3 cu 0.46 NSD

33 Cu 2.02 SD (P 0.05)

In groups A3 and B3 mortality due to
relapse was low and the clinical
manifestation of the disease mild. The lat-
ier was probably due to recovery of the
chickens in these groups from the clinical
itfection. These were  clinically  sick
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before they were put on feed containing
furazclidone. Egg production was highest-
in group B2 followed by A2 and Bl and ,
low in groups A3, B3 and C1. Groups B2
and B{ maintained their levels of egg pro-
duction even after the feed was changed
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0 diet C. The relatively high egg produc-
z:on in groups B3 and A3 after the feed
has been changed to diet C was probably
2ue to the recovery of the chicken from
ciinical infection. The egg production in
C1 group occurred only after recovery of
:ie¢  chickens from infection. No
salmonella organism was isolated from
zggs. The sensitivity of £. coli to
fuzrazolidone (100 mcg) before and during
:ne course of experiment remained almost
-nchanged (Fig. 1) while the infecting
organism failed to develop resistance to
rurazolidone throughout the course of in-
rection (Fig. 2).

Although the chickens were not weigh-
=d during the period of the experiment,
‘here was no apparent difference .in
we2ight between the chickens in groups fed
surazolidone in their diet and the
sninfected group on C diet, when they
were slaughtered at the termination of the
zxperiment. o

On the basis of clinical symptoms, post
mortem lesions, egg production, serology,

mortality and sensitivity of E. coli
1:olated and S. gallinarum to
iurazolidone, we concilude that

‘urazolidone is a drug of choice in the
prevention and treatment of S. gallinarum
:nfection. Hence we recommend 0.011
percent concentration of the drug for the
rreatment and prevention of infection. A
-ower concentration of 0.0055 percent
may be used for prevention of disease.
Treatment should commence as soon as
clinical signs of an infection are noticed
and this should continue until when the
animals show no signs of infection like
absence of loose faeces or anorexia. The
chemotherapeutic effects of the drug can
only be shown if the affected animals con-
sume the feed containing the drug. From
our results ‘“carriers’ did not occur when
0.011 percent was fed to infected animals.
This is important in breeding flocks.
The bactericidal property of
furazolidone in low concentrations, its
tolerance by livestock, ability to keep its
properties even on long storage and the
fact that resistance to it by bacteria is
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slow, and when it occurs, it is not infec-
tious, makes it superior to other agents,
for livestock feed.
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