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NECROTIZING INFECTIOUS ENTERITIS 
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IV. BACTERIOLOGICAL DIAGNOSIS*) 

By 

Peter H¢gh 

The diagnosis of necrotizing enteritis in infant piglets is based 
on clinical observations, patho-analomical changes, and bacterio­
logical and bacterio-toxicological examinations. 

Previous works (H¢gh 1967 a, b, 1969) have dealt with the 
aetiology, symptomatology and pathology of the disease. 

The purpose of this paper is to present the results of bac­
teriological examinations of pigs from spontaneous outbreaks. 

PREVIOUS INVESTIGATIONS 
The objects of such bacteriological examinations are the de­

monstration of specific toxin in the intestinal contents and the 
isolation and typing of Cl. perfringens from that material. 

In their bacteriological examinations, Barnes & Moon (1964), 
Berge/and (1965) and H¢gh (1965) used direct spreading of 
scrapings from intestinal contents on to the surface of agar pla­
tes, followed by anaerobic incubation. Field & Gibson (1955) and 
Szent-lv<inyi & Szabo (1956) employed pre-incubation of intesti­
nal contents in fluid medium, from which agar plates were sub­
sequently inoculated and incubated anaerobically. 

With a few exceptions, Cl. perfringens type C was isolated 
by both methods from the intestinal canal of pigs with charac­
teristic postmortem findings. 

*) The work was supported by a grant from Statens almindelige 
Videnskabsfond. 
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nodes, liver and spleen were inoculated on dextrose blood agar and 
5 % blood agar, and incubated under anaerobic (Fielde & Mcintosh's 
jar) and aerobic conditions at 37°C for 18-20 hrs. For material from 
lymph nodes, liver and spleen, generally 1 agar plate of each kind 
was used, while 3 or 4 dilution plates were made from intestinal con­
tents. In addition to this direct inoculation, intestinal contents from 
48 pigs were inoculated into cooked-meat medium and incubated for 
18-20 hrs. at 37°C with a view to demonstrating p-toxin in filtrates 
of mixed cultures. 

Isolation of pure cultures. Colonies showing double haemolysis 
zones on dextrose blood agar were isolated in cooked-meat medium 
and controlled for purity. Pure cultures of haemolytic E.coli and 
haemolytic streptococci were obtained by subcultivation of suspect 
colonies on 5 % blood agar. 

Examination for formation of toxin. The presence of toxin in 
intestinal contents and mixed cultures was demonstrated by intra­
venous injection on mice (weight 18-22 g). 

Intestinal contents. The small intestines of 173 pigs were emp­
tied of their contents, to which equal parts of sterile saline were 
added. After careful mixing and centrifugation at 5000 r.p.m. for 
15-20 min., the supernatant was clarified by filtration (Seitz K5 
filter). The clarified supernatant was divided into 2 fractions, 1 of 
which was trypsinized. Each fraction was tested for toxicity by in­
jection of 0.5 ml intravenously into each of 2 mice. Filtrates found 
to be toxic in 1 or both fractions after observation for 24 hrs. were 
typed. 

Mixed cultures. After incubation for 18-20 hrs., cultures of 
intestinal contents in cooked-meat medium were clarified by filtra­
tion. The filtrates were tested for toxicity as in the case of intestinal 
contents, and toxic filtrates were typed. 

Fluid from peritoneal and pleural cavities. After centrifugation, 
serial 2-fold dilutions were made of the supernatant, and 0.5 ml of 
each dilution injected i. v. into each of 2 mice. The MLD was de­
termined as the highest dilution that would kill both mice within 
24 hrs. 

Trypsinization. Pancreatic Trypsin Novo, salt-free, containing 
6 Anson trypsin units per gram, was dissolved in sterile saline in an 
amount of 10 mg per ml. For trypsinization 0.1 ml solution was 
added to 1 ml filtrate, which was thereafter incubated at 37°C for 
1 hr. 

Typing 
Toxic filtrates. The presence of Cl. perfringens major, i.e., lethal 

antigens in toxic filtrates of intestinal contents and mixed cultures 
was demonstrated by intravenous inoculation into mice after treat­
ment with diagnostic Cl. perfringens sera Types A, C and D (Bur­
roughs Wellcome & Co.). Typing was performed according to the 
principles described by Oakley & Warrack (1953). The filtrates were 
examined priliminary for the presence of p-toxin by neutralization 
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Haemolytic streptococci. The haemolytic streptococci isolated 
were examined by precipitation against group-specific sera. The 
antigen was produced by hydrochloric-acid extraction as described 
by Lancefield (1933). Group C streptococci were tested for fermen­
tation of sorbit and trehalose in order to distinguish between Groups 
Ca and Ch. 

RESULTS 
The diagnostic significance of the demonstration of Clostri­

dium perfringens type C in necrotizing enteritis will appear from 
Table 2. 

T a b 1 e 2. The presence of Cl. perfringens type C in piglets with 
necrotizing enteritis and in piglets without necrotic or haemorrhagic 

lesions of the small intestine. 

a 
b 
c 

a 
b 
c 

No. of Piglets with Piglets "1th growth Piglets with 
piglets no growth of of only type A and growth of 

examined Cl. perfringens non-necrotizing strains type C 

no. % no. % no. % 

339 14 4.1 24 7.1 301 88.8 
61 19 31.1 33 54.1 9 14.8 
50 15 30.0 35 70.0 0 0 

a. Piglets with necrotizing enteritis. 
b. Piglets without necrotizing enteritis but originating from 

infected herds. 
c. Piglets from herds where the disease has not been diagnosed. 

T a b 1 e 3. Results of typing pure cultures of Cl. perfringens. 

No. of strains N on-necrotizing Cl. perfringens Cl. perfringens 
examined strains type A type C 

847 198 8 641 
154 141 3 10 
123 121 2 0 

a. Piglets with necrotizing enteritis. 
b. Piglets without necrotizing enteritis but originating from 

infected herds. 
c. Piglets from herds where the disease has not been diagnosed. 

It will be seen that Cl. perfringens type C was isolated from 
301 piglets (88.8 % ) with necrotizing enteritis (a). Cl. perfrin­
gens type C was also isolated from 9 piglets (14.8 % ) which 
originated from infected herds (b) but showed no necrotic or 
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haemorrhagic lesions of the small intestine. Cl. perfringens type 
C was not demonstrated in the intestinal contents of 50 piglets 
from herds where the disease had not been diagnosed ( c). It 
will also be seen from the table that Cl. perfringens was not 
isolated from 14 pigs (4.1 % ) with necrotizing enteritis (a), nor 
from respectively 19 and 15 pigs (about 30 % ) without specific 
lesions of the small intestine (b and c). 

By typing of 1124 pure cultures of Cl. perfringens (Table 3) 
only types A and C were found besides non-necrotizing lecithi­
nase-positive strains. 

Tab 1 e 4. The presence of Cl. perfringens type C in relation to 
patho-anatomical changes in the jejunum. 

No. of Piglets with Piglets with growth Piglets with 
Group piglets no growth of of only type A and growth of 

examined Cl. perfringens non-necrotizing strains type C 

no. % no. % no. % 

I 146 0 10 6.8 136 93.2 
II 95 5 5.3 4 4.2 86 90.5 

III-1 22 0 1 4.5 21 95.5 
III-2 76 9 11.9 9 11.9 58 76.3 

Total 339 14 4.1 24 7.1 301 88.8 

In Table 4 the presence of Cl. perfringens type C in the in­
testinal contents of pigs with necrotizing enteritis is related to 
the character of the patho-anatomical changes in the small 
intestine (cf. Hpgh 1969). It will be seen that Cl. perfringens 
type C was demonstrated in 90.5-95.5 % of the pigs in the 
patho-anatomical Groups I, II and 111-1, and in 76.3 % of the 
pigs in Group 111-2. This latter group also contained the largest 
number of pigs showing no growth of Cl. perfringens from the 
intestinal contents. 

Thirty-two pigs were known to have been treated with anti­
biotics or chemotherapeutics during the disease; Cl. perfringens 
type C was isolated from the intestinal contents of only 19 of 
these pigs (59.4 % ) . In 5 piglets Cl. perfringens was not demon­
strated, and in 8 piglets only Cl. perfringens type A and non­
necrotizing strains were found. 

Cl. perfringens type C was isolated from the liver in 7 .3 % , 
from the spleen in 8 % , and from the mesenteric lymph nodes 
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T a b l e 5. The presence of Cl. perfringens type C in liver, spleen 
and mesenteric lymph nodes. 

Cl. perfringens type C Group 
isolated from 

II III-1 IIl-2 Total % 

Jejunum only 26 33 3 28 84 56.0 
Jejunum and lfnd. *) 16 8 3 5 32 21.3 
Jejunum and liver or spleen 10 2 0 2 14 9.3 
Jejunum, lfnd. and liver or spleen 5 1 0 0 6 4.0 
Jejunum, lfnd., liver and spleen 1 0 0 0 1 0.7 
Lfnd. only 1 1 0 0 2 1.3 
No growth 3 2 0 6 11 7.3 
No. of piglets examined 62 47 6 35 150 

*) lfnd.: Mesenteric lymph nodes. 

in 27.3 % of 150 piglets examined. Generally only very few 
colonies appeared on dextrose blood agar, and only rarely was 
the growth abundant. As will be seen from Table 5, in 56 % of 
the pigs the infection was limited to the small intestine. In a 
further 21.3 % Cl. perfringens type C was isolated also from the 
mesenteric lymph nodes, but not from the other organs examined. 
In 2 out of 13 cases in which Cl. perfringens type C was not 
isolated from the intestinal contents, the infection was present 
i.n the mesenteric lymph nodes. In the remaining 11 cases the 
clostridium was not demonstrated in any of the organs examined. 
Only in a single instance was Cl. perfringens type C isolated 
from both intestine, liver, spleen and mesenteric lymph nodes. 
In 20 cases the clostridium was found in only 1 or 2 organs 
besides the intestinal canal. It further appears from the table 
that the finding of Cl. perfringens type C in liver, spleen and 

Table 6. Demonstration and typing of toxin in filtered intestinal 
contents. 

No. of piglets Intestinal contents % 
Group examined non-toxic unspecific a-toxin ,B-toxin ,B-toxin 

I 94 16 8 2 68 72.3 
II 48 22 6 2 18 37.5 

III-1 8 7 0 0 1 12.5 
III-2 23 18 4 1 0 0 

Total 173 63 18 5 87 50.3 
% 100.0 36.4 10.4 2.9 50.3 
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sive growth of non-haemolytic colonies. In 30 pigs the growth 
could be characterized as massive, and in 6 cases pure cultures 
of haemolytic E. coli were obtained under aerobic conditions. 

With the exception of a few cases in which haemolytic colo­
nies were also isolated from liver, spleen and mesenteric lymph 
nodes, the sole localization of these organisms was the small 
intestine. 

Among pigs referred to the patho-anatomical Groups I and 
III-1, haemolytic streptococci and haemolytic E. coli occurred 
with equal frequency. In Groups II and III-2 haemolytic E. coli 
were present 3-4 times more frequently than haemolytic strepto­
cocci. 

Among the 38 non-verified cases of necrotizing enteritis there 
were 14 in which haemolytic E. coli or haemolytic streptococci 
were found. In only 5 of these cases could the growth be charac­
terized as abundant. 

Thirty-seven of 70 strains of E. coli were distributed among 
23 known serotypes, while 33 were designated as type - . Types 
08, 0139, 0141 ab and 0141 ac were each isolated from 1 pig. 
The rest of the typable strains belonged to 0-groups not known 
to be pathogenic for pigs. 

Ten of 30 strains of haemolytic streptococci belonged to 
Group Ch and 20 to Group L. 

DISCUSSION 
By bacteriological examination of intestinal contents Cl. per­

fringens type C was found in a few pigs without necrotic or 
haemorrhagic lesions of the small intestine. As the pigs in 
question all originated from herds where necrotizing enteritis 
had been diagnosed in other pigs, these findings are probably 
an expression of lhe widespread occurrence of this clostridium 
in an infected invironment. The isolation of Cl. perfringens type 
C from the intestinal contents of pigs with necrotizing enteritis 
must therefore be of diagnostic significance. 

Cl. perfringens type C was not isolated from the intestinal 
contents of about 11 % of pigs with necrotizing enteritis. The 
majority of these unverified cases occurred in pigs with post­
mortem findings corresponding to Groups II and III-2. 

Provided the anamnestic information has been adequate, only 
32 of the pigs examined had been treated with antibiotics or 
chemotherapeutics. Even though such treatment was found to 
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been found to contain !3-toxin in a few cases in which Cl. per­
fringens type C was not demonstrated by direct inoculation 
(Group 111-2). Examination for the presence of !3-toxin is there­
fore a valuable supplement to direct inoculation on dextrose agar. 

In only 36 cases (12.6 % ) did cultures from intestinal con­
tents show such a massive growth of haemolytic E. coli or 
haemolytic streptococci that it might lead to an erroneous diag­
nosis (cf. Moon & Bergeland 1965). 

The presence of haemolytic E. coli and haemolytic strepto­
cocci must be considered to be fortuitous or secondary. This is 
suggested by the observation, that massive growth of these or­
ganisms was seen in but very few of the cases of necrotizing 
enteritis that were not verified as cases of Cl. perfringens type C 
infection, and, as far as E. coli is concerned, by the fact that on 
serological examination the strains isolated were found to he 
distributed over a wide range of known and unknown serotypes. 

A further good reason to believe that haemolytic E. coli and 
streptococci are without causal relation to necrotizing enteritis 
is provided by the fact that oral infection experiments with 
Cl. perfringens type C on new-born pigs will provoke a disease 
with clinical and postmortem features indistinguishable from 
those found in spontaneous cases (Szent-Ivanyi & Szabo; Field 
& Goodwin 1959; Bergeland 1965; H¢gll 1967b). 

The demonstration of !3-toxin in 3 cases and the isolation of 
Cl. perfringens type C from mesenteric lymph nodes in 2 cases 
in which this organism was not isolated by culture from intes­
tinal contents on dextrose blood agar, lends support to the as­
sumption that Cl. perfringens type C is the causal agent even 
in those cases of necrotizing enteritis in which this cannot be 
verified bacteriologically. 
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SUMMARY 
The diagnostic significance of Cl. perfringens type C was elu­

cidated by an examination for the presence of this clostridium in the 
intestinal contents of 339 piglets with necrotizing enteritis and 121 
piglets without necrotic or haemorrhagic lesions of the small intestine. 

Typing of 1124 pure cultures revealed the presence of Cl. per­
fringens type C in the intestinal contents of 301 piglets with necrotiz­
ing enteritis and in 9 piglets without demonstrable lesions of the 
intestinal canal. The latter animals all originated from herds where 
the disease had been found to occur (Table 2). Besides Cl. perfrin­
gens type C, only type A and non-necrotizing strains occurred 
(Table 3). 

In the majority of cases, the infection was localized to the intes­
tinal canal and the mesenteric lymph nodes. The clostridium was 
also found in a few instances in the liver (7.3 %) or spleen (8.0 %), 
but in only 1 case it was found in both organs (Table 5). 

Cl. perfringens type C was demonstrated more often in the intes­
tinal contents of pigs with haemorrhagic lesions of the small in­
testine than in pigs with severe necrotic lesions but no haemorrhages 
(Table 4). The same was the case as regards the presence of {3-toxin, 
which was found in filtered intestinal contents in 87 of the 173 speci­
mens examined (Table 6). Twice as much {3-toxin was found in intes­
tinal content as in peritoneal fluid, while pleural fluid only rarely 
contained demonstrable amounts of toxin (Table 7). 

Isolation of pure cultures gave better diagnostic results than 
demonstration of {3-toxin in intestinal contents and mixed cultures 
(Table 8). However, examination for {3-toxin provides an important 
supplement to direct inoculation on dextrose blood agar plates, partic­
ularly in cases in which rapid verification of the diagnosis is de­
sirable. 

Haemolytic Escherichia coli and haemolytic streptococci were 
found in the intestinal contents of 105 of 286 pigs with necrotizing 
enteritis. The presence of these agents, which in the majority of cases 
was only sparse, must be considered to be fortuitous or secondary. 

ZUSAMMENFASSUNG 
Inf ektiose nekrotisierende Enteritis bei Saugf erkeln verursacht von 

Clostridium perfringens Typ C. IV. Bakteriologische Diagnose. 
Die diagnostische Signifikanz des Clostridium perfringens Typ C 

wurde durch eine Untersuchung iiber das Auftreten dieser Clostridie 








