
J Clin Pathol 1981;34:217-220

Non-toxigenic clostridia in babies
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SUMMARY Non-toxigenic clostridia, Clostridium butyricum but occasionally C. paraputrificum, were
isolated from mainly extra-alimentary sites of 28 babies in a maternity hospital over a period of 40
weeks. During that time, C. butyricum was isolated from the blood of two babies who died of necro-
tising enterocolitis and of two babies without referable symptoms. Otherwise these organisms
appeared to be of no pathogenic significance.

In a recent outbreak of necrotising enterocolitis
(NEC),' Clostridium butyricum was isolated from the
blood or stools of the majority of affected babies and
was considered to be a primary cause of the disease,
although this conclusion was subsequently chal-
lenged.23 During 1977 we isolated a similar
Clostridium species from several babies in the John
Radcliffe Maternity Hospital, Oxford, both from
blood cultures and from extra-alimentary sites. Only
occasional isolates were recorded before and after
this period. Initially, the isolates were identified as
C. paraputrificum, but subsequently most were
reclassified as C. butyricum. We report here our
clinical and bacteriological findings.

Methods

Bacteriological specimens were submitted regularly
from all babies in the special care unit; babies in the
general wards were swabbed when necessary for
minor septic lesions. Later in the survey, rectal
swabs were cultured whenever clostridia were grown
from other sites. Specimens were cultured by routine
laboratory methods, both aerobically and anaero-
bically, with cooked meat broth as the only en-
richment medium. Some direct inoculations and
broth subcultures were made on to horse blood agar
containing kanamycin, 100 mg/l, incubated anaero-
bically for 48 hours in an anaerobic jar with a gas
mixture of 90% hydrogen and 10% C02. Clostridia
were identified by:
1 A routine laboratory 'sugar set', including glucose,

maltose, lactose, sucrose, and mannitol peptone
waters, and tests for indole production, nitrate
reduction, gelatine liquefaction, and lecithinase.
Sporulation was tested on egg yolk agar incubated
at 370C for two to five days.
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2 API 20A test strips (API System SA). These
incorporate additional carbohydrate substrates
including xylose, arabinose, and raffinose.

3 Several strains were investigated by the API-ZYM
method (API System SA).

4 Thirty-one strains from 25 babies were finally
submitted to Dr AT Willis, Public Health Lab-
oratory, Luton, who confirmed the identification
of all strains.

Results

A Clostridium sp (butyricum or paraputrificum) was
isolated from 28 babies over a period of 40 weeks.
The clinical and bacteriological findings are sum-
marised in the Table. Five of the babies are con-
sidered in more detail here.

CASE 1
A female infant of 36 weeks' maturity and weighing
1913 g was delivered by Caesarean section because of
tachycardia after amniocentesis. The baby was
asphyxiated at birth but responded to resuscitative
measures and blood transfusion for anaemia.
Progress was satisfactory until 4 days of age when
she became pale, shocked, and lethargic, vomited,
and passed bloody stools. Abdominal x-rays
showed gas in the bowel wall but no signs of per-
foration. Despite treatment with intravenous fluids,
blood transfusion, antibiotics, and ventilatory
support, her condition rapidly deteriorated, and she
died 20 hours after the onset of symptoms. C.
butyricum was isolated from a gastric aspirate and
from blood taken during the terminal illness.
Bottle feeds (SMA) were given in addition to breast
milk.

CASE 2
A male infant weighing 2180gwas delivered vaginally
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Isolation of C. butyricum and C. paraputrificum fromn neonates: clinical and bacteriological details

Infant Birth Gestation (wk) Source Age (days) Clostridium Feed Clinical diagnosis
weight (g) SP-

Blood

Gastric aspirate
Abdominal wound
Rectum
Blood

Umbilicus
Blood
Blood

Wound
Umbilicus
Rectum
Umbilicus
Umbilicus

Rectum

Eye
Rectum
Umbilicus
Umbilicus
Umbilicus

Umbilicus

Eye

Rectum

Umbilicus

Umbilicus
Umbilicus

Umbilicus

Umbilicus

Umbilicus

Umbilicus

Umbilicus
Umbilicus

Umbilicus

Umbilicus
Eye

Umbilicus
Umbilicus
Groin
Umbilicus

4 B EBM See text

5

16
16
32
47
47

4

33
36
36
43

B
B

B
B

B

B

I B

45 B

6 B
7 B
7 B

B

8 B

12 B

4

25

7

B

B

p

p

B

3 B

13

15

7

2

13

6

7

9

8

3

9
9

B

p

B

B

p

B

B

B

B

B
B

Bottle

See text

EBM See text

EBM See text

EBM See text

Bottle Mild asphyxia,
pyrexia

EBM Prematurity, asphyxia
hyaline membrane

Bottle Preterm, asphyxia,
jaundice

EBM Prematurity, asphyxia
EBM Respiratory distress,

jaundice, inflamed
umbilicus

EBM Asphyxia, tachypnoea
Bottle hypoglycaemia

convulsions,
jaundice, pyrexia

Bottle Sticky eye, loose
stools

EBM Prematurity, cyanosis,
jaundice

EBM Prematurity, hyaline
Bottle membrane
Bottle Cyanosis, stridor
Bottle Preterm, respiratory

distress,
septicaemiaa

Bottle Asphyxia, hypo-
thermia,
hypoglycaemia

Breast Preterm, drug
Bottle depression
Bottle Asphyxia, hypo-

thermia
Breast Umbilical hernia,
Bottle jaundice
Bottle Sticky eye, pyrexia
Breast Jaundice
Bottle
Breast Jaundice
Bottle
Breast Jaundice
Breast Jaundice, sticky eye
Bottle
Bottle Moist cord
Breast Asphyxia, jaundice
Breast Jaundice
Bottle

EBM-expressed breast milk.
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1 1913 36

2180 32

5

1210

1530

1620

3065

1400

2780

28

33

34

39

30

36

7

9

10

11

1520 31

1640 33

2980 38

12

13

14

15

16

17

2150

1690

1680

3990
2600

2900

2280

3015

3245

3620
2890

3870

3150
2540

2980
2615
3980

38

34

32

40

35

38

35

39

40

38

40+

40

40
36

40

37
41

18

19

20

21

22

23

24

25

26

27

28
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at another hospital at 32 weeks' gestation, four
weeks after membrane rupture. Progress during the
first four days was good. On the fifth day he devel-
oped apnoeic attacks, a distended abdomen, and
bloody stools. X-rays showed free gas in the
abdomen. Initially he was treated with ventilatory
support, plasma, and antibiotics (penicillin and
gentamicin). Laparotomy on the eighth day disclosed
a perforation of the transverse colon, and a colos-
tomy was fashioned. A blood culture taken at this
time grew Escherichia coli, and a peritoneal swab
grew Esch. coli and C. perfringens (C. welchii). At 16
days the infant's condition was complicated by
electrolyte loss, wound breakdown, faecal fistula,
and free gas in the peritoneum. C. butyricum was
isolated from the abdominal wound and faeces and
subsequently from a blood culture taken at 32 days.
Complications proved insuperable and the child
died at 41 days.

CASE 3
A male twin infant was delivered at 28 weeks'
gestation and subsequently developed hyaline
membrane disease which required ventilatory
support. An umbilical artery catheter was inserted,
and he received an exchange transfusion for deepen-
ing jaundice. At 7 weeks cultures were obtained
because of apnoeic attacks and bradycardia.
C. butyricum was isolated from blood and from an
umbilical swab. These isolates were regarded as
contaminants. His condition slowly improved and
he was discharged home at 8 weeks. He had received
expressed breast milk (EBM) only.

CASE 4
A female infant weighing 1530 g at birth was
delivered by Caesarean section at 33 weeks' gestation
because of maternal pre-eclampsia. The baby was
asphyxiated at birth and required intubation.
Subsequently she did well until the fourth day when
cultures were taken because of hyperirritability
with a blood sugar of 1.1 mmol/l. C. butyricum was
isolated from blood culture but was discounted as
the baby recovered without antibiotic therapy. She
received EBM only.

CASE 5
A male infant weighing 1620 g was delivered by
forceps at 34 weeks' gestation. After transient
hyaline membrane disease he developed tachypnoea
and oxygen-dependence, ascribed to fibrosing
alveolitis. C02 was infused into the peritoneal
cavity to outline the diaphragm. The entry wound
became infected, and a swab of the lesion grew
C. butyricum. The same organism was also isolated
from umbilical and rectal swabs but at no time
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caused any attributable symptoms. He received
EBM only.

C. butyricum was isolated from sweep plate
cultures taken from the cot blankets of two babies,
one of whom was known to be colonised with the
organism. No further environmental sampling was
carried out, and the attendants in the unit were not
investigated for possible carriage of the organism.
No similar isolations were made from other cultures
being processed in the laboratory during the same
period. The antibiotic aerosol (Framispray) in use
at that time for the routine disinfection of cords was
sprayed on to blood agar plates and into cooked
meat medium, but cultures were sterile. Twenty
isolates of Clostridium spp. from 16 infants were
tested for sensitivity to bacitracin, a constituent of
the spray, and all were found sensitive using
bacitracin 8 unit discs (Mast).

Discussion

Case 1 in our series was a low-birth-weight infant
asphyxiated at birth who required resuscitation and
developed NEC, C. butyricum appearing simul-
taneously in the blood. Case 2 was a low-birth-
weight infant who developed NEC without any other
predisposing factors. C. butyricum was not isolated
from the blood until 27 days later during the terminal
stages of the illness, and its importance is doubtful.
Cases 3 and 4 did not develop NEC, although
several possible predisposing factors were present,
and C. butyricum isolated from blood culture was
dismissed as a contaminant. In case 5, abdominal
wound infection was acquired either by penetration
of the bowel or from the skin. In 23 additional
infants C. butyricum or paraputrificum was isolated
from superficial sites without causing constitutional
upset. The presence of these organisms could not be
correlated with the type of feed, as it was not
always indicated whether breast milk was fresh,
pasteurised, or boiled.

C. butyricum has been isolated from normal
appendix flora4 and from intra-abdominal wounds5
but was not generally considered to cause disease in
man or animals until incriminated in the pathogenesis
ofNEC.' In a cluster of 12 cases occurring within six
weeks at the Royal Free Hospital, C. butyricum was
isolated from the blood of seven babies and from the
stools of two others but was absent from the stools of
34 normal babies. Since the commonly accepted
predisposing conditions for NEC were absent from
the group, it was considered that C. butyricum was a
primary invader with a pathogenic role in the late
stages of the disease. Gas liquid chromatography
(GLC) was used to identify the isolated strains and
also to detect the presence of the organism in blood
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and stools. However, C. butyricum gives rise to a
GLC tracing indistinguishable from that of several
other clostridial species.6 Other workers have found
C. butyricum to be commonly present in the stools
of infants unaffected by NEC.7 In a report of 17
cases of NEC from New Mexico,8 C. butyricum was
isolated from the blood of one infant before death,
but clinical severity appeared to be related more to
the isolation of C. perfringens from the peritoneal
fluid or blood of several patients. The clinical
importance of bacteraemia due to non-toxigenic
clostridia is difficult to assess. It has been recognised
as a clinical entity, characterised by fever, leucocy-
tosis, and sometimes hypotension, indicating a non-
specific response to the organism with a good
prognosis.9 It is commonest in the newborn, in whom
anaerobic bacteraemia in general is often self-
limiting and rarely fatal.10 Clostridia may also occur
as contaminants in blood cultures," and it is perhaps
significant that we isolated C. butyricum from the
cot blankets of two babies known to be colonised
with the organism.

In the present study, the differentiation of C.
butyricum from C. paraputrificum by using a series
of biochemical tests was rarely clearcut, and great
reliance was placed on the spore position (C.
paraputrificum-terminal; C. butyricum-subterminal).
Consistent differences between strains so identified
were detected by the API-ZYM method, and this
will be the subject of a further report. A full descrip-
tion of C. paraputrificum was given by Hall and
Snyder,12 who isolated it from the faeces of infants
during the first 10 days of life. It grew optimally
at pH 6.9-8.2 and disappeared when the normal
breast milk stool was established, the higher acidity
pH 5 0-5 8 favouring overgrowth with bifidobacteria.
These findings have been amplified in more recent
work on the effect of different types of infant feeds on
the bowel flora.13

In the present study, C. paraputrificum was
isolated from the umbilical swabs of four babies,
probably as the result of faecal contamination.12
C. paraputrificum has occasionally been reported as a
pathogen when isolated from blood, as in a 2-year-
old infant with C. paraputrificum omphalitis and
bacteraemia who subsequently died." In a five-year
review of clostridial bacteraemia in the USA,14
C. paraputrificum was considered significant in only
two patients, including an elderly woman with
decubitus ulcers, from whom multiple blood cultures
yielded the organism before death. C. paraputrificum
has also been reported in the blood of a diabetic
patient with gas in the portal vein after mesenteric
artery thrombosis.15
There is no firm evidence from our own and

previous observations thiat C. butyricum or para-

putrificum can cause neonatal NEC, although it is
likely that the disease results in a secondary bacter-
aemia. Indeed, it seems improbable that organisms
lacking known toxins could give rise to a severe
constitutional upset, and the possibility also exists
that blood cultures may be contaminated with
clostridia present on the skin or in the environment.

We are grateful to the Paediatric Staff at the John
Radcliffe Hospital and to Mr N Dudley, FRCS, for
permission to study patients under their care; to
Dr AT Willis for advice, and to Mr P Tearle for help
in identifying the organisms.
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