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SUMMARY 

Bacteriophages lyric for Salmonella typhimurium were isolated in considerable num- 
bers from chickens experimentally infected with S. wphimurtum, and in much lower num- 
bers from the chicken feed. Lytic phages were also regularly isolated from human 
sewerage systems. One of these was used to inoculate S. typhimurium - infected two 
day-old chickens orally and via the feed. The phage took longer to establish in the caeca 
than did the Salmonella and it disappeared when the caeca| S. typhimutium counts fell 
to 106 CFU/ml. No neutralizing antibodies to the phage were detected in the serum of 
these chickens. In a second experiment, f ive of  30 chickens similarly infected wi th 
S. typhlmurium were inoculated wi th the phage. Within 3 days, the phage was isolated 
from 72 % of the " in -contac t "  birds. A second phage, isolated from sewage, when in- 
oculated into newly-hatched chickens simultaneously with any of 3 stra~s of  S. ~,phimu- 
rium, produced a considerable reduction in mortality in the birds. This effect was only 
produced by ;noculatlon of high concentrations of phage (:> 10 :° PFUlmU. The phage 
produced reductions in the viable numbers of S. typhimurium in the crop, small intes- 
tine and caeca for up to 12 h after inoculation, wi th smaller reductions in bacterial num- 
bers in the liver at 24 and 48 h after infection. 

Key-words: Phage therapy, Salmonella tvphimudum, Bacteriophage, Alimentation; 
Poultry, Gut, Foodpoisoning. 

INTRODUCTION 

Poultry- are an important source of Salmonel- 
la serotypes associated with cases of human 
food-poisoning in which a source of infection 
can be found. In addition to disease-free intes- 
final carriage of  Salmonella serotypes by chick- 
ens, infection of  chicks within a few hours of  
hatching with a variety of serotypes can result 
in considerable morbidity and morta.ljty depend- 

ing on the strain invc~Ived (Williams, 1972; 
O'Brien, !988). S. O,phimurium is one of  the 
serot}q3es mosl frequently isolated from poultry 
and, as has been demonstrated experimentally 
(Smith and Tucker, t980} can be particularly 
virulent for young chicKa. This high ~-irulence 
is explained by ~he relative kmmunoleg~ca! im- 
maturity displayed by macrophages in young 
chicks (Karthigasu e~ aL, 1965), but also by the 
absence of  a complex imes~inal microfiora 
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(Coloe et al., 1984) which allows massive bac- 
terial multiplication from small inocula. Reduc- 
ing the numbers of Sahnonella in the gut might 
reduce not only the associated risk of food- 
poisoning, but also mortality in the chickens. 

Despite a continued interest in biological 
measures, such as competitive exclusion and vac- 
cination, for controlling Salmonella infections 
in poultry (Barrow, 1989), there is little evidence 
that research in these areas has produced any 
lasting reduction in the level of  infection in com- 
mercial flocks. Consequently, novel methods of 
control are being sought, one of  them being the 
use of virulent bacteriophages (Report, 1988). 
The potential for the use of  virulent bacteri- 
ophages in the treatment of enteric diseases was 
recognized early in the twentieth century (Wil- 
son and Iv'files, 1975). Virulent phages have been 
used recently to treat successfully experimental 
Escherichia coli infections in mice (Smith and 
Huggins, 1983), and in calves, pigs and lambs 
(Smith and Huggins, 1983 ; Smith et al., 1987). 
There is also some recent evidence that this ap- 
proach might be used to treat Pseudomonas aer- 
uginosa and suppurative bacterial infections 
(Slopek et al., t983 ; Soothill etaL, 1988). The 
aim of the present study is to assess, in a prelimi- 
nary way, whether bacteriophages may by used 
to reduce the effects of  salmonetlosis in chick- 
ens. They might provide the poultry industry 
with a means for Sahnonella control. 

Bacteriophages lytic for S. typhimurium can 
occasionally be isolated from the alimentary tract 
of chickens infected experimentally with this or- 
ganism, being detected as individual plaques on 
areas of  confluent bacterial growth (Barrow et 
aL, 1987b). Some of  these originate from the 
chicken feed (Barrow et at., 1987b). Because it 
was initially unclear whether phages would mul- 
tiply on a propagating strain in the chicken 
alimentary tract, the activity of  phage in the 
chicken gut was studied, both to clarify this point 
and to investigate the response of the bacterial 
infection to the phage activity. The results are 
presented here. Since phages lytic for a variety 
of  Salmonella serotypes can be isolated from hu- 
man sewage (Barrow, 1986) a preliminary inves- 
tigation ;into the efficacy of  such phages in 
reducing the mortality produced by strains of  
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S. typhimurium in newly hatched chickens was 
also carried out. 

MATERIALS. AND METHODS 

Bacterial strains 

S. typhimurium strains F98 (phage type 14), 
Beauville (phage type 40) and 1116 (phage type 141) 
were isolated from chickens and were highly virulent 
for newly hatched chicks under experimental condi- 
tions (Smith and Tucker, 1986; Barrow et al., 1987a). 
In several experiments, F98 was used as a nalidixic 
acid-resistant mutant; this was as virulent as the 
antibiotic-sensitive parent strain (Smith and Tucker, 
1980). Unless otherwise indicated, broth cultures were 
made in 10 ml nutrient broth (Oxoid, Basingstoke, 
United IZdngdom, CM67) incubated at 37°C for 24 h 
in a shaking water bath (100 strokes per min). These 
usually contained approximately 109 CFU/ml 
(colony-forming unit). 

Isolation and propagation of phages 

Bacteriophages lyric for S. typhimurium were iso- 
lated from raw human sewage by an adaption of the 
methods of Smith and Huggins (1982) and Barrow 
(1986). Samples of sewage in 5-1 volumes were mixed 
with 75 g of nutrient broth powder, and 1 ml of a 
broth culture of F98 was added. After static incuba- 
tion overnight at 37°C, 10 ml were withdrawn and 
centrifuged at 1500 g for 30 min. The supernatant 
was decanted and heated at 58°C for 30 rain and one 
drop spot-inoculated onto the surface of a plate of 
nutrient agar that ha~ previously been inoculated 
with a lawn of S. typhimurium F98. Any lysis in the 
area inoculated was picked and mixed with a small 
volume of broth culture of F98 on a plate of nutrient 
agar and the plate incubated until discrete plaques 
were visible. Sin~e plaques of different morpholog- 
ical types were picked and replated with F98 to 
plaque-purify each type. Purified plaques were 
picked with a small amount of the surrounding bac- 
terial growth and cultured overnight in nutrient 
broth. These were centrifuged and the supernal-ants 
heat-treated at 58°C for 30 rain before being stored 
at 4°C. 

Phage was propagated in one of two ways to 
produce either a low titre or a high titre lysate: low 
titre lysates were prepared from the supernatant 
described above. To this was added 0~2 ml of a broth 
culture; the mixture was reincubated at 37°C in a 
shaking water bath until further lysis had occurred. 
This procedure was repeated and the final prepara- 
tion was heat-treated and the number of lytie phage 
particles counted. High fitre lysates were prepared 
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f rom 10 l° host bacterial cells f rom a broth culture 
mixed together with l0 s phage particles f rom a low 
titre lysate at 37°C for 30 min with intermittent shak- 
iF~g. This mixture was added to 100 ml o f  nutrient 
: ;oth and  shaken overnight at 37°C.  Additional ly- 

~,i~ was promoted  by the addit ion o f  2 ml o f  chloro- 
term followed by further shaking at 37°C for 30 rain. 
After cooling to room temperature,  NaCl was added 
to a concentrat ion o f  1 M and  dissolved and the 
preparation centrifuged at 11000 g for  10 min at 4°C. 
Polytbene glycol 6000 was added to the supernatant  
to a concentrat ion o f  10 %.  After  leaving for  1 h at  
O°C, the preparat ion was again centrifuged at  
11000 g, the pellet resuspended in 2 ml o f  nutrient 
broth and  a phage count was made.  Both types o f  
phage preparat ion were held at  4°C until used. 

Experimental animals 

Unsexed Rhode Island Red chickens was obtained 
f rom a specified pathogen-free flock at  this labora-  
tory. Their management and diet have been described 
previously (Smith and  Tucker,  1975). All chickens 
were kept on wire floors.  

Groups  o f  30-32 chickens, less than 24-h old, were 
inoculated orally with 106" F98 organisms in 0.1 ml 
followed within t0 min by 0A mt of  a high titre l~'- 
sate preparat ion o f  the phages containing 10 "2 
PFU/ml .  The mortal i ty in these and  in a control  
g roup  of  chickens inoculated with F98 only was 
recorded over a three-week period. One phage (~2.2) 
which produced the greatest reduction in mortal i ty 
was tested in the same type o f  experiment using two 
different S. typhimurium strains. 

In a subsequent experiment, ~2 .2  was tested for 
its ability to reduce mortal i ty induced by F98 by 
inoculation with different dilutions o f  phage prepa- 
ration. 

In a final experiment, two groups of twenty chick- 
ens less than 24-h old were inoculated orally with 
10 6 F98 Nal r organisms in 0.1 ml and one group was 
inoeulatet, with ~2 .2  as described above. At inter- 
vals af ter  inoculation,  groups  o f  five chickens f rom 
both groups were killed. The outsides o f  the carcasses 
were soaked in industrial alcohol and organs removed 
aseptically in the order :  liver, small intestine, crop 
and caeca. Viable counts of  F98 Nal r were made on 
a homogenate  o f  the liver and or: the contents o f  the 
gut  samples. 

Experimental plan 

A group  of  fifty two-day old chickens were in- 
oculated orally with 0.1 ml o f  a broth  culture o f  
S. typhimurium F98 NaY followed by  0 . t  rnl o f  a 
dilution o f  a low titre preparat ion containing 
105 P F U / m l  (plaque-forming unit) o f  a phage desig- 
nated qbAB2 which was isolated f rom sewage. The 
chickens were reared on  a diet containing 10 ~ 
P F U / g  of  cbAB2 for  the first week followed by nor-  
mal food for the rest of  the experiment. The diet can- 
taining phage was prepared by grinding the required 
dilution o f  phage  plus a small amoun t  o f  food  with 
a pestle and  mortar  prior to mixing with a large quan-  
tity o f  food.  At  intervals af ter  infection, groups o f  
five chickens were killed and  counts o f  1=98 Nat ~ and  
phage were made f rom the caecal contents.  

In a second experiment, a group of  thirty ~ 'o -day  
old chickens was inoculated orally with 0. t ml o f F 9 8  
Nal r, but only five of  the birds were inoculated with 
phage,~0 this. time with 0. I ml o f  a lvsate~ contmmng" " 
I0 PFU/mA. At  weekly intervals, two ctoacal 
swabs were taken f rom each o f  the 25 chickens not 
inoculated with phage. The swabs were used for  semi- 
quamitat ive assessment o f  the numbers  o f  ]798 NaY 
and  phage excreted in the f a~es .  At 34 days post- 
infection, the chickens were reinfeeted with 0.3 ml 
o f  a broth  culture o f  F98 Nal *. 

Several phages isolated at  different times f rom 
different sewage treatmen* plants were tested for their 
abg~ty to reduce mortality, f r om salmonellnsis. 

Enumeration of bacteria and phages 

Quanti tat ive assessments o f  F98 NaY and  phage 
in samples were made with a mc~dification o f  the 
method of  Miles, Mism and  Irwi.n (1938) using 
nutrient broth as a diluent. F98 Nal r was counted on 
brilliant green agar  (Oxoid, CM263) containLng 
20 ~.g/ml o f  sodium nalidixate and  1 ~g /mt  o f  
novobincin.  Dilutions o f  the samples for  phage 
counts  were he&ted to 58°C for  30 rain prior  to plat- 
ing onto lawns o f  F98 NaY on tr j~tose agar  (1)ifco) 
containing 20 gg /mt  o f  sodium nalidixate. 

Semi-quantitative assessments of  the numbers  of  
Salmonella organisms excreted were made  using the 
method of  Smith and  Tucker  (1980). In brief, in- 
dividual swabs were eluted in 2 ml o f  selenite broth  
(Oxoid, CM395) before being plated out  in a stan- 
dard  -~aanner on to  the selecti~e brilliant green agar  
described above. The swabs were then incubated 
overnight in the selenite broth  before being replat- 
ed. This has been found to  give reproducible results 
(Smith and  Tucker,  t980). .4an adapt ion o f  this 
method was used to estimate the numbers of  phage 
excreted. A second swab taken f rom each chicken 
was eluted into 2 ml o f  nutrient broth.  This was heat- 
ed at  58°C for 30 min and  a 0.03-ml aliquot was plat- 
ed o n t o  a h w n  of  F98 Nal r. The same volume o f  a 
10-" dilution of  a broth  culture o f  F98 was then ad- 
ded to the swab eluate a n d  reincubated overnight to 
increase any  small numbers  o f  phage not  detectable 
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by initial counting. This enriched culture was again 
heated before replating. 

RESULTS 

Infectivity and persistence of phage in the 
alimentary tract 

Bacteriophages lytic for S. typhimurium were 
isolated from all of 20 sewage samples examined 
over several months. One of  these, ~AB2, was 
assessed for its persistence in the alimentary tract 
of S. typhimurium F98 Nalr-infected chickens. 
The counts of  F98 Nal r and ~AB2 made from 
caecal contents at various times after simultane- 
ous inoculation of two-day old chickens are 
shown in table I. High viable counts of  F98 
Nal r were initially found in the caecal contents 
and these decreased with time, although detec- 
table numbers were still present when the experi- 
ment was terminated 32 days after inoculation. 
The presence of  phage did not produce any dra- 
matic reductions in the numbers of  F98 Nal r. 
High phage counts were not found in every 
chicken soon after infection although the medi- 
an count was very high by 4 days post-infection, 
indicating that phage multiplication had taken 
place. The phage co~nts fell more quickly than 
those of the Salmonella until none was detected 
when the log m median F98 count fell below 6.1. 

At 2, 4, 7 and 10 days post-infection, 
50 colonies of  F98 Na! r were picked from the 
brilliant green agar plates. Lawns were made 
from this growth and Ioopfuls of phage OAB2 
was spotted onto them to ascertain whether F98 
Nal r remained predominantly sensitive to phage 
or whether resistance developed with time. The 
number of phage-resistant colonies detected on 
the above days post-infection was 17, 27, 41 and 
21, respectively. All of  these agglutinated wi~h 
acriflavine, indicating that they were rough and 
had not become resistant by lysogeny. 

The chickens killed at 32 days post- 
infection were bled and their serum compared 
with that from uninfected adult chickens and 
from uninfected day-old chickens for anti-phage 
antibodies. The sera were titrated and mixed ~dth 
a dilution of phage, 0.03 ml of which would just 
produce confluent lysis. The phase-serum dilu- 
tion mixtures were incubated at 37°C for 1 h and 
were plated onto a lawn of  F98 Nal r. None of  
the sera reduced the numbers of  phage detected. 

The spread of  phage infection from inocu- 
lated chickens to "in-contact" chickens inocu- 
lated with F98 Nal r only is shown in table II. 
The incidence of infection with F98 Nal r re- 
mained high for several weeks and was boosted 
by reinfection at 34 days. Within a few days of  
being placed in the same pen as five chickens ex- 

Table L Counts of S. typhimurium F98 Nal r and bacteriophage OAB2 in the caecal contents of experimen- 
tally infected chickens. 

Time (days) after Log10 numbers of organisms or phage particles per g of caecaI contents 
inoculation (x~ S. o'phimurium F98 Nal r ~AB2 

2 8.1 (6.9-8.6) (2) N (N-8.2) 
4 8.8 (7.8-8.8) 9.4 (N-9.9) 
7 7.4 (6.1-7.6) 7.3 (3.1-8.7) 

10 6.9 (6.7-8.4) 6.6 (N-6.9) 
t I 7.2 (6.7-8.3) 4.0 (4.0-8.4) 
13 6.1 (4.3-7.0) N (N-7.3) 
18 3.0 (2.5-4.0) N (N) 
25 2.5 (2.0-4.7) N (N) 
32 2.8 (N-4.7) N (N) 

C~Two-day-old chickens inoculated orally simultaneously with S, typhimurium F98 Nal, (10 ~ CFU in 0.i ml) and ~AB2 (10 ~ PFU 
in 0A ml). Birds fed for 7 days on food containing 10 ~ PFU/g. 

~'~Medl.an value from 5 chickens ~ith range in parenthesis. 
N= <2.0. 
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Table H. Faecal excretion of  S. typhimurium F98 Nag  and  phage d~AB by chickens inoculated orally with 
the Salmonella and placed in contact  with chickens inoculated witl~, the Salmonella and phage (~). 

Time (days) af ter  The percentage (2) o f  " in -con tac t "  chickens excreting: 
inoculation S, typhimurium F98 Nal r ~ A B  

of  phage 50 (31 D (3) T (3) C (4i D (4) T (41 

3 56 92 100 28 72 72 
6 52 80 92 4 32 48 

10 60 96 100 4 44 44 
13 48 80 100 0 ZO 26 
20 12 60 96 0 20 15 
27 20 52 84 0 0 7 
3415) 12 36 56 0 0 2 
35 32 76 100 0 0 4 
36 24 80 96 0 0 4 
37 24 6O 96 0 0 0 

m/wo-day old chickens (group of 30) inoculated oralIy with S. typhbnurium F98 Nat ~ (I0 * CFU in 0A intl. Five of these inoculated 
orally simultaneously with ~AB (10 *° PFU in 0.1 ml). 

~Z~The percemage values are for the 25 "in-contact" chickens. 
~3,/> 50 = /> 50 colonies of F98 Nal' grew on the culture plate; D = F98 Nal ~ isolated by direr cuIture; T = F98 Nal ~ ~o!ated 

by selenite enrichment or by direct culture. 
~4~C = confluent lysis obtained from 0.03 ml drop on a lawn of F98; D = ) 1 plaque obtained on a lawn; T = @AB isolated by 

enrichment with F98 broth culture or by direct culture on a lawn. 
'~A!l chickens reinoculated orally with 3 x IO s CFU of F98 NaP in 0.3 ml. 

c r e t ing  p h a g e  ~bAB2, a ve ry  h igh  p e r c e n t a g e  o f  
the  " i n - c o n t a c t "  ch ickens  were  excre t ing  p h a g e  
in the i r  faeces .  Th i s  d e c r e a s e d  wi th  t ime  a n d  a t  
a fas te r  r a t e  t h a n  the  r e d u c t i o n  in  f r e q u e n c y  o f  
i so la t ion  o f  F98  N a g .  R e i n o c u l a t i o n  o f  all the  
ch i ckens  wi th  F98  h a d  li t t le e f fec t  o n  the  isola-  
t i on  o f  t he  p h a g e .  

In b o t h  o f  these  e x p e r i m e n t s ,  n o  p h a g e  w a s  
isola ted f r o m  the  ch icken  feed a n d  the  p h a g e  iso- 
la ted f r o m  the swabs  o r  caecal  con ten t s  p r o d u c e d  
p l a q u e s  ident ica l  to  t h o s e  p r o d u c e d  b y  p r e p a -  
r a t i o n s  o f  ~ A B 2 ,  n a m e l y  1.5 m m  in d i a m e t e r  
wi th  a n  uneven  edge ,  a sma l l  n u m b e r  o f  co lo -  
nies o f  s e c o n d a r y  g r o w t h  a n d  n o  h a l o .  

The effect of  phages on mortality produced in 
y o u n g  c h i c k e n s  b y  S. typhimurittm 

The  effect  o f  nine phages  isolated f r o m  differ-  
ent  s e w a g e  s amp le s  o n  t h e  m o r t a l i t y  p r o d u c e d  
in  n e w l y - h a t c h e d  ch icks  b y  S. typhimurium F98 
is s h o w n  in t ab l e  III .  In  t he  a b s e n c e  o f  p h a g e ,  
F98  p r o d u c e d  5 3 %  m o r t a l i t y .  Severa l  o f  the  

p h a g e s  p r o d u c e d  n o  e f fec t  o n  m o r t a l i t y ,  whi le  
a smal le r  n u m b e r  p r o d u c e d  s ta t i s t ica l ly  s ignif i-  
c a n t  r e d u c t i o n s .  O n e  o f  t he  p h a g e s ,  ~ 2 . 2 ,  a l so  
p r o d u c e d  cons ide rab le  r educ t ions  in the  m o r t a l -  
i ty  p r o d u c e d  b y  t w o  o t h e r  v i ru len t  s t ra ins  o f  S. 
typkimurium ( tab le  III).  

It w a s  a p p a r e n t  t h a t  p r e p a r a t i o n s  c o n t a i n i n g  
h igh  n u m b e r s  ( >  10 l° P F U / r a l )  o f  p h a g e  p a r -  
ticles were  r e q u i r e d  to  p r o d u c e  s ta t i s t ica l ly  sig- 
n i f i c a n t  r e d u c t i o n s  in  m o r t a f i t y  ( table  IV).  
Di lut ions  o f  phage  con ta in ing  this n u m b e r  o r  tess 
were  ineffec t ive .  

The effect o f  phage q52,2 o~ the viable numbers 
of  S. O~phimttriurn in the a l imeata~  tract and 
liver of  the chicken 

P h a g e  4~2.2 p r o d u c e d  r e d u c t i o n s  in d~e via-  
ble n u m b e r s  o f  F98  Na l  r in the  g u t  o f  ch i ckens  
c o m p a r e d  wi th  t h o s e  n o t  N v e n  the  p h a g e  ( ta-  
ble V).  Reduc t ions  o f  m o r e  t h a n  o n e  togt0 were  
seen in  t h e  c r o p  a n d  smal l  in tes t ine  s o o n  a f t e r  
in fec t ion  a n d  t h r o u g h o u t  the  Nh-nentary  t r ac t  a t  
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Table IV. The mortality rate in chickens inoculated orally when one-day old with S. typhimurium strain F98 
followed by different dilutions of bacteriophage O2.2. 

% of chickens that had died by the following days after inoculation X ~' when 
compared 
with pha- 

Dilution ge-free 
tested 3 4 5 6 7 g 9 10 11 12 13 14 15 16 17 18 19 20 21 control 

N•ha•e 0 0 12 16 20 28 36 40 44 48 48 48 48 48 52 56 56 56 56 - - 
- - 0 0 8 8 8 20 24 24 24 28 32 32 32 32 32 44 44 44 44 0.72 0.4 

10 -2 0 0 4 4 12 12 12 16 20 28 32 32 32 32 36 36 36 36 36 2.01 0.15 
10 °(neat) 0 0 0 4 4 4 4 4 8 12 16 16 16 20 20 20 20 20 20 6.88 <0.01 

Groups of  25 chicks less than 24-h old were inoo~lated orally with 10 ~ Salmonella organisms in 0.1 ml fal/owed witl~dn 10 rain by 
0A ml of  phage preparation. The neat phage preparation contained 10 ~z PFU / ml .  

T a b l e  V. Viable numbers of S. typhimurium F98 Nag in the alimentary tract and liver of chickens treated 
or not-treated with phage O2.2. 

Logl0 median (t) viable counts of S. typhimurium F98 Nat r 
Time (h) after Treated with per g of sample from the following organs: 

inoculation phage crop small intestine caecum 

1/2 + 3.8 3.0 3.7 N 
- 6.2 4.4 3.4 N 

3 + 4.8 3.4 4.3 N 
- 5.9 4.5 6.6 N 

6 + 5.3 3.3 5.6 N 
- 5.6 3.5 8.0 N 

~ 6.5 4.3 8.7 2.0 
- 5.7 2.0 9.1 2.9 

"~Median of  five birds. 
N =  < 2 . 0 .  
Chicks less than 2A-h old inoculated orally with 106 F98 NaF organisms in 0.1 ml followed within 10 rain by phage ~a2.2. 

3 days post-inoculation. Some of  the reductions 
in the crop and caeca were greater than two logs. 
These changes had disappeared by 24 h post- 
inoculation. However, at  this time, a smati 
reduction in the Salmonella numbers recovered 
from the liver was seen in the phage-treated 
chickens. 

D I S C U S S I O N  

It was clear from the first experiment that the 
phage used (~AB2) multiplied in the alimentary 
tract ,  resulting in high numbers of  active phage 

particles in the caeca. Whether this was the resaxlt 
of  multiplication in the caeca or in more prox- 
imal regiens of  the al imentary tract is unclear. 
It was surprising that  phage counts were initial- 
ly low in several of  the chickens and the phage 
was not found in some of  the birds thereafter. 
This is not easy to explain, but was related to  
the number of  S. typhimurium organisms 
present in the indi,Adual birds (data not present- 
ed). I t  may suggest that in these birds, the phage 
infection had arisen in a sporadic way and prob- 
ably prime~ly from the infected feed rather than 
from the single oral  inoculat ion of  phage which 
should have infected every bird. 
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The S. typhimurium organisms persisted 
longer than the phage in both experiments. It 
also appeared that  a caecal viable count of  F98 
of  less than approximately 1{) 6 C F U / m l  was in- 
sufficient to sustain multiplication of this par- 
ticular phage. The low counts and frequencies 
of  isolation in the later stages of  the experiments 
suggested that environmental contamination did 
not  affect the numbers  present in the caeca or 
cloaca and that on wire flooring, environmen- 
tal re-infection did not occur even when the 
chickens were re-inoculated with bacteria. 
Although phage AB2 multiplied in the gut, it did 
not  affect the number  o f  Sahnonella organisms 
present in the caeca. It also did not select for 
an increase the number o f  phage-resistant organ- 
isms; those that were present were rough rather 
than lysogenic. No detectable anti-phage anti- 
bodies were present in serum. This suggests that, 
although S. typhimurium is invasive for young 
chicks (Barrow et al., 1987a), phage was not 
taken into the tissues during the process of  in- 
vasion. This might be an advantage should phage 
therapy against intestinal salmonellosis be feasi- 
ble, since the absence o f  a buildup of  antibod- 
ies would be an advantage. 

A relatively small number  o f  phages were ex- 
amined in order to find one which reduced mor- 
tality caused by S. typhhnurium. It was therefore 
not surprising that we did not find one which 
would eliminate mortality completely. More ef- 
fective phages might be found from a more ex- 
tensive search. The best phage (~2.2) was 
effective against two other s~ains of  S. typhimu- 
rium, but appeared to be effective only when 
large numbers  o f  phage were administered and 
soon after infection with the Salmonella. Since 
the phage initially outnumbered the bacteria, it 
is quite likely that in this case, the reductions in 
bacterial numbers  observed in the gut were the 
result of  a single infection cycle, and phage mul- 
tiplication of  ~2.2  was not  involved. It is also 
possible that non-specific lysis, whereby many 
phages attach to single bacterial cells and cause 
cytoplasmic leakage which results in lysis, was 
involved. The numbers o f  S. typhimurium were 
reduced in the crop and more  particularly the 
small intestine and caeca, where Salmonella in- 
vasion mainly occurs (Barrow, unpublished 

A. BERCHIERI E T  AL. 

results). Al though the phage might be expected 
to be less effective than would occur with the 
confluent layer of  enterotoxigenic E. coil strains 
that colonize the small intestinal mucosa  (Jones 
and Rutter, 1972; Smith and Huggins, 1983), the 
numbers o f  Salmonella were reduced sufficiently 
to limit invasion, with the result that  smaller 
numbers  o f  S. typhimurium were isolated from 
the liver. Al though the reduction in the median 
count in this organ was less than 10-fold, the 
lethal dose 50°70 of  F98 for such chicks by a 
parenteral route is approximately t03 organisms 
(Barrow et al., 1987a), so that reductions in num- 
bers from (log10) 2.9 to 2.0 might be significant. 
Al though,  in the short  time of  this experiment, 
the emergence o f  rough bacterial mutants  was 
not  observed, these should by their nature be of  
greatly reduced virulence. 

A wider search might reveal more effective 
phages which might be used to reduce the num-  
bers of  Salmonella organisms present in the gut  
immediately prior to slaughter. Alternatively, 
phages might conceivably be adapted for great- 
er efficiency in the gut. The phages isolated were 
not  tested for activity on other Salmonella sero- 
types. It would be interesting to know their range 
of  activity. 
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Activit~ de bacteriophages lytiques 
pour Salmonella typhimurium dans le tube 

digeslif du poolet 

Des bact~riophage~ !yt[ques 7.our Salmonella 
typhimurium ont 6t6 isol6s en quantit6s eonsid~ra- 
bles de poulets infect6s par S. typhimurium et, en 
quantit6s moindres, de nourriture peur poulet. Des 
bact&iophages tytiques ont ~t6 aussi isol,4s r6guli~re- 
ment d'eaux us~es. 

Nous avons inocul~ un de ces isotats oralement 
ou via la nourriture A des poulets de 2 jours infeet6s 
par S. typhimurium. Le phage met plus de temps que 
Salmonella pour s'~tablir darts le caecum, et il dis- 
parait quand les num&ations de S. typhimurium chu- 
tent h 106 UFC/ml (unit6 formatrice de colonic). 
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Aucun anticorps neutralisant antiphage n 'a  &6 rid- 
tectd dans le sdrum de ces poulets. Dans une seconde 
¢xpdrience, sur 30 poulets infectds par S. typhimuri- 
urn, 5 ont re~;u le phage; celui-ci a dtd isol6, dans les 
3 jours suivams, de 72% des o i seaux ,  en contact ~. 

Un second phage isotd d'eaux usdes inocul6 simul- 
tandment avec .$. lyphimurium ~ des poussins venant 
d'dclore, entra~ne une r6duction considdrable de la 
mortalit6 chez les oiseaux. Cot effet se produit seule- 
meat  s i la  concentration de phage inoculd est ~levde 
( >  t0 m unitds formatrices de plage/ml). Le phage 
r6duit le nombre de S. typhimurium viables dans le 
jabot, l'intestin gr~le et le caecum de fa~on maximale 
jusqu'~ la t2 ~ heure apr~s l'infeetion puis de foe on 
moins importante, dans le foie, jusqu'~ 24 h ~ 48 h 
apr+s l'infection. 

Mots-ct~r : Phagoth6rapie, Salmonella typhimu- 
rium, Bacteriophage, Alimentation; Volailte, lutes- 
tin, Toxi-infection. 
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