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Satisfactory experimental staphylococcal 
infections have been difficult to produce in 
laboratory animals. Localized infections have 
been produced by injection of staphylococci 
into areas subjected to various types of trau- 
ma(1-3) or by injection of extremely large 
numbers of staphylococci into normal skin 
(4,s). Even larger numbers of bacteria have 
been required for production of lethal sys- 
temic infections(6,7). At least one strain of 
Staphylococcus aurezis is capable of produc- 
ing a lethal systemic infection in mice with a 
relatively small inoculum (k lo4 bacteria) 
but its virulence appears to be related to fac- 
tors which have not been demonstrated to be 
important in human infections (8). The study 
of a more suitable experimental infection 
might allow more thorough understanding of 
the pathogenesis of staphylococcal infections 
in humans and clarification of the importance 
of various host factors. This report describes 
differences in the lethality of pathogenic and 
non-pathogenic staphylococci for embry- 
onated eggs observed during evaluation of es- 
perimental staphylococcal infections in chick 
embryos. 

Materials and ?net .kods. ('oagulase positive 
mannitol positive strains o f  Staphylococcrrs 
cIurcus were isolated from purulent exudates 
from patients with clinical infections. Strains 
of coagulase negative, mannitol negative 
Staph~dococcus epidermidis were obtained 
from nose, throat and urine specimens of pa- 
tients without evidence of clinical infection. 
These isolates were selected since they clearly 
represented strains of documented pathogeni- 
city and strains which were non-pathogenic. 

Serial 10-fold dilutions of overnight tryp- 
tose phosphate broth cultures were made in 
saline. One-tenth milliliter of 10 :% and 10 
dilutions were injected into the chorioallan- 
toic cavity of commercial fertilized eggs which 
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had been incubated for 10 days. Ten eggs 
were injected with 0.1 ml of each of these 2 
dilutions of one strain of coagulase positive 
and one strain of coagulase negative staphy- 
lococci in each experiment. Ten other eggs 
were treated similarly and injected with 0.1 
ml of sterile saline to serve as viability con- 
trols. The number of bacteria injected was 
determined by serial 10-fold dilutions of the 
inocula used for egg injection. The eggs were 
examined and survival rate was determined 
daily for 9 days. 

Overnight broth cultures were thoroughly 
mixed and divided into three 5-ml aliquots to 
study the effect of preformed exotoxin. One 
aliquot was centrifuged at 5000 rpm for 1 5  
minutes, the sedimented bacteria were resus- 
pended in sterile saline to the original volume 
and recentrifuged. Three washings were 
made in this manner. The second specimen 
was heated at 60°C for 30  minutes while no 
manipulations were performed with the third 
aliquot. The specimens were serially diluted 
and injected into embryonated eggs as de- 
scribed above and their lethality was deter- 
mined. 

The number of embryos which 
survived for 9 days after injection of each di- 
lution of each strain of coagulase positive and 
coagulase negative staphylococci is shown in 
Table I. The 2 upper groups show the num- 
her of survivors after challenge with 104 co- 
agulase positive or coagulase negative staphy- 
lococci while the next 2 groups demonstrate 
the survival after injection of a smaller in- 
oculum. Growth was relatively constant with 
coagulase positive strains and allowed the se- 
lection of dilutions which gave an inoculum of 
104 and less than 10 bacteria. Growth was 
less constant with coagulase negative strains 
and it was not always possible to select the 
desired number of bacteria for injection. 

Five of the 90 eggs injected with l@ coag- 
ulase positive staphylococci and 15 of the 90 

Results. 
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TABLE I ,  Lcthalit,y of Coagulase Positive a11tl 
(‘oigiilase Negative Stapliylococci in Ei~ihryo~~;it~etl 

Eggs. 

f-- No. of eggs -7 
Stmill of No. of Alive after 

staph y l o t 4  occus haute ri a i n j  . T n j ec t ec I 9 (lays 

(’o:rgulast. 1)osiitive 
101 2 x 10‘ 
102 9 ” 

103 2 ” 

104 1 ” 

17 2 ” 

10511 4 ” 

1 06nh 2 ” 

107 1 ” 
2 9 9  108 

131 1 x 10‘ 
132 1 ” 

193 1 ” 

1 1 3 1  1 ” 

630 3 ” 

1 34 5 ” 

101 2 
102 3 
103 2 
104 1 

17 2 
10511 4 
l0611h 2 
107 1 
208 2 

130 :j00 
131 1 
132 1 
133 1 

1131 1 
630 3 
135 20 
136 3 
134 3 

Saline controls 0 

Coagulasr nega tivt. 

Co;igulase posi tivc 

(higulane 11 ega ti vt! 

I 
0 
0 
2 
0 
2 
0 
0 

7 
8 
7 
7 
G 
5 

0 
0 
2 
2 
3 
1 
3 
2 
b )  I 

6 
7 
8 
9 
8 
7 
8 
7 
8 
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injected with from one to 10 coagulase posi- 
tive staphylococci survived for 9 days. In 
contrast, 40 of the 60 eggs injected with 104 
coagulase negative staphylococci and 68 of 
the 90 injected with a smaller number of co- 
agulase negative staphylococci survived for 9 
days. The fatality rate ranged from 8.0 to 
100% in strains injected with 104 coagulase 
positive staphylococci and from 70 to 100% 
in those injected with less than 10 pathogenic 
staphylococci. The fatality rate with coagu- 
lase negative strains ranged from 20 to 50% 
with a large inoculum and from 10 to 40% 
with a small inoculum. There was no over- 

lap of the fatality rates between coagulase 
positive and coagulase negative strains at  
either dilution and the fatality rate was sig- 
nificantly greater in eggs challenged with less 
than 10 coagulase positive staphylococci than 
in eggs injected with 104 coagulase negative 
staphylococci (X2 = 5.6; P<.O2). Deaths 
were significantly more frequent in eggs chal- 
lenged with a large inoculum of coagulase 
positive staphylococci than with a small in- 
oculum (Xz = 5.6; P<.O2) but with coagu- 
lase negative strains, fatalities were not sig- 
nificantly related to number of bacteria in- 
jected (X2 = 1.2; P>.2).  Some strains of 
coagulase positive staphylococci ( 102, 17, 
106 nh) produced a significant number of fa- 
talities with an inoculum of less than 10 bac- 
teria but were not uniformly lethal even when 
an inoculum 10,OOO times this size was in- 
jected. A large inoculum of coagulase posi- 
tive staphylococci was also more rapidly fatal 
than a small inoculum. Eighty-three $% of 
the fatalities in eggs injected with lo4 coagu- 
lase positive staphylococci occurred within 3 
days while more than one-half of the fatali- 
ties with an inoculum of less than 10 bacteria 
occurred during the latter half of the experi- 
mental period. 

The lethality of 2 strains of coagulase posi- 
tive staphylococci was retested at  4-week in- 
tervals as a check of the reproducibility of 
these results. Table I1 shows that the fatality 
rates with each dilution of these 2 strains 
were almost identical in each experiment. 

Table I11 illustrates the lethality of both 
washed and unwashed coagulase positive 
staphylococci. Washing to remove preformed 

TABLE 11. Lethality of 2 Strains of Coagulase 
Negative Staphylococci in Separate Experiment,s 

Done at 4-Week Intervals. 

No. of eggs 7 Strain of 
staphylo- Exp. No. of Alive after 
coccus No. bacteriainj. Inj. 9 days 

105h 
105h 
106nh 
106nh 
105h 
105h 
106nh 
106nh 

4 x 1 0 4  
5 x 104 
2 x 104 
5 x 104 

4 
5 
2 
5 

10 
10 
10 
10 
10 
10 
10 
10 
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TA TKF: ITI. Lethality of Washed, Unwashed, and 
Heat-Killed Staphylococci. 

No. of eggs 
Straiii of KO. of Alive 
8 taphylo- bacteria after 
coccus Treatuieilt inj. I i j .  9 days 

104 None 2 x 10' 10 0 
104 Saline washed 1 X 10' 10 0 
104 Heated (C;O°C 0 10 9 

104 Konc 2 10 4 
104 Saline waslwcl 1 10 3 
104 Heated (6OOC 0 10 9 

X 30 min.) 

X 30 min.) 

exotoxin did not diminish the lethality while 
heat killed cultures diluted 10 and 10 were 
essentially avirulent. Similar results were ob- 
tained with a second strain of coagulase posi- 
tive staphylococcus treated similarly. 

Discussion. More thorough understanding 
of specific virulence factors, variations in the 
virulence of individual strains, and factors as- 
sociated with host resistance might be ob- 
tained by the study of a sensitive and repro- 
duci ble experimental staphylococcal infection. 
Many of the previously described lethal ex- 
perimental infections have required such a 
large bacterial challenge that their usefulness 
has been hindered. Embryonated eggs have 
proven to be extremely valuable for propaga- 
tion of viruses and study of viral infections. 
Some bacterial infections have been studied 
in the chick embryo, but usually more satis- 
factory experimental animals have been 
found. Knothe(9) studied a variety of bac- 
terial infections in embryonated eggs and 
noted that staphylococci were quite lethal in 
this system. Frappier and Sonea(l0) also 
found that some strains of staphylococci were 
quite lethal when injected directly into 18- 
and 19-day-old chick embryos but other 
strains were relatively avirulent. Because of 
the extreme difficulty in characterizing the 
pathogenicity of coagulase positive staphylo- 
cocci, only coagulase positive strains which 
had produced infections in humans and non- 
pathogenic coagulase negative strains were 
studied in the present report. These data con- 
firm the sensitivity of chick embryos to patho- 
genic staphylococci and demonstrate that 
a reproducible experimental staphyloccal in- 
fection can be produced in chick embryos 

by the chorioallantoic route. Coagulase 
positive staphylococci of proven human 
pathogenicity were quite lethal while co- 
agulase negative strains were relatively 
avirulent. The LD50 of these coagulase posi- 
tive strains could not be precisely defined but 
was less than 10 bacteria while 10,OOO or 
more coagulase negative staphylococci were 
significantly less lethal and produced an over- 
all fatality rate of only 33%. A large inocu- 
lum ( lo4) of coagulase positive strains was 
not only more lethal but also was more rap- 
idly lethal than a small inoculum (1-10 bac- 
teria). An occasional embryo (67%) survived 
even the larger challenge dose. Whether this 
represented innate resistance or other unde- 
fined factors remains to be determined. 

The cause of death in the embryo is uncer- 
tain. Preformed free exotoxin does not ap- 
pear to be important since washed staphy- 
lococci were as lethal as unwashed bacteria 
and heat killed cultures were relatively aviru- 
lent. These data do not exclude the impor- 
tance of exotoxin formed after infection. 
Destruct ion of various staphylococcal exo tox- 
ins by methods used in obtaining bacterial 
free toxins, however, has prompted the use of 
toxigeiiic and nontoxigenic bacterial mutants 
for studies of the effect of individual staphy- 
lococcal exotoxins now in progress. 

The extreme sensitivity of embryonated 
eggs to pathogenic staphylococci, their rela- 
tive resistance to coagulase negative staphy- 
lococci, reproducibility of the infection, and 
ease of handling suggest that this model may 
prove quite satisfactory for investigation of 
factors important in human staphylococcal in- 
f ec tions. 

Summary. Ten-day-old chick embryos are 
extremely susceptible to infection with patho- 
genic coagulase positive staphylococci and the 
LDs0 of the strains studied was less than 10 
bacteria. More than 104 coagulase negative 
staphylococci were necessary to produce a 
50% fatality rate in 10-day-old chick em- 
bryos. 
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One of the frequent morphological anoma- 
lies of the axenic( 1) rat and mouse is en- 
largement of the cecum( 2 )  which may occupy 
30-90% of the abdominal cavity. The wall 
of the cecum is thin(2) and the contents are 
fluid. Such enlargement simulates the ap- 
pearance of pregnancy, and may lead to a 
fatal volvulus (3). Similar distention of the 
cecum has been reported for the conventional 
rat maintained either on a diet of raw un- 
boiled potato starch (4) , or lactose ( 5) , or one 
deficient in potassium (6). Evidence that 
the cecal anomaly may be unrelated to diet 
has been reported(7). Addition of antibi- 
otics to the diet of conventional rats also 
caused occasional enlargement of the cecum 
(8?9). This report describes the effect of a 
Clostridium species on the restoration of the 
distended cecum of axenic mice to normal 
size. 

Materials and methods. Axenic and con- 
ventional (“normal”) albino ND-2 mice§ 
(male and female, 21-365 days old) were 

*The term “gnotobiote” refers t o  an animal of 
known microbial content. 

t This investigation supported in part by a grant 
from the Office of the Surgeon General, Dept. of the 
Army. 

Present address: Dept. of Hygiene, School of 
Med., Chiba Univ., Chiba City, Japan. 

5 Originally derived from the Rabstcin colony, 
Fort Detrick, Md. 

housed in flexible film isolators which were 
provided with sterile supplies of San-i-cel 
bedding,(! Purina chow 5010C,TI and water. 
Animals and materials were introduced into 
the closed system through a “lock” sterilized 
with 2% peracetic acid spray(l0). Pre- 
liminary experiments were designed to deter- 
mine if any organisms in the aerobic micro- 
flora of conventional mice would restore the 
enlarged cecum of axenic mice to normal size. 
Dilutions of cecal contents of conventional 
mice were incubated aerobically on Desoxy- 
cholate agar, Endo agar, S. S. agar, Staphy- 
lococcus Medium No. 110, MacConkey agar, 
L.B.S. medium, and trypticase soy agar at 
26, 37, and 55°C. Cultures of aerobic bac- 
teria were then isolated by routine bacterio- 
logical technics. Selected isolates were prop- 
agated for 24 hours in thioglycollate broth 
to which a small chip of calcium carbonate 
had been added. Axenic mice which had 
been starved for 6 hours were fed a diet 
soaked in the broth culture. Both axenic and 
conventional control animals were maintained 
on similar but untreated diets. Animals were 
sacrificed a t  various time intervals by cervical 
fracture. Ceca were excised and weights 
were expressed as percentage of total body 
weight. Bacteriological tests were made to 

11 Paxton Processing Co., Paxton, Ill. 
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