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In  the aetiology of infantile enteri
tis a significant role is ascribed to 
some agents other than  the intestinal 
bacteria known for long to  be patho
genic (Salmonella, Shigella, entero- 
pathogenic E. coli). A considerable 
num ber of reports have discussed 
the eventual pathogenic role played 
by  other bacteria (Klebsiella, Proteus, 
Pseudomonas, Staphylococcus), the ex
cretion of virus, and the  aetiological 
connexions in such cases [1, 2, 4, 7 — 
18, 20, 22—24, 27]. These complex 
bacteriological and virological studies 
made in widely differing patient 
m aterials yielded divergent results 
and often failed to  determ ine the 
agent responsible for the disease.

In  the present study  i t  has been 
attem pted  to investigate whether the 
results of simultaneous bacteriologi
cal and virus isolations from patients 
with enteritis and from control sub
jects with no enteral disease would be 
of aid in clarifying the  aetiology of 
sporadic infantile enterocolitis.

M a ter ia ls  a n d  M et h o d s

Groups. The patients subjected to study 
were grouped on the basis of the following 
points of view. The so-called enteritis group

comprised infants and small children with 
symptoms of acute enteritis. Patients 
exhibiting dysenteric or dysentery-like 
symptoms were excluded from this group. 
During the study period there was no 
epidemic diarrhoea at the Department of 
Paediatrics, and in the City Nursery there 
were exclusively babies with no diarrhoea. 
Thus, the cases studied were all sporadic. 
The test period lasted from March, 1961, 
till July, 1962; most samples were sent in 
during the summer months. The control 
group was set up of infants and small 
children treated at the Department for 
diseases other than enteric.

Ma ter ia l

A total of 270 faecal samples taken 
from 154 infants and young children were 
examined.

Virological studies. The about 10 per 
cent faecal suspensions prepared for isola
tion in the usual way were stored at —20° C 
until tested. Trypsinized monkey kidney 
cell suspension was obtained from the 
State Institute of Public Health, Budapest, 
in the chilled state. With every faecal 
sample two primary monkey kidney cell 
cultures were inoculated and kept under 
observation for 12 days. The isolated cyto- 
pathogenic viruses were typed at the Virus 
Department of the State Institute of Public 
Health, Budapest.

Bacteriological studies. Faecal samples 
were inoculated by the usual method on 
Endo, D. C., blood agar, and 6 per cent
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Na Cl agar media. E. coli cultures were 
tested for agglutination first with poly
valent E. coli OB sera, then, in the case of 
positivity, with the corresponding compo
nents. The polyvalent E. coli sera had the 
following composition:

OB I: 0111 : B4, 055 : B5, 026 : B6
OB II: 086a : B7, 0127a : B8,

0112a, c : B ll
OB III: 0112a, b : B13, 0119 : B14,

0125 : B15, 0124 : B17 
OB IV: 086a, b : B9, 0127a, b : B10, 

0128 : B12, 0126 : B16

The sera were diluted 1 in 10 or 1 in 20, 
for use in the slide agglutination test.

R esults

Table I  shows the age incidence in 
the  enteritis and control groups. I t  is 
seen th a t  in both groups th e  largest 
num ber of faecal samples tes ted  came 
from  the  age group 0 to  6 months.

T able I

Age incidence

Age groups, 
m onths

Cases of 
en teritis

C ontrol cases 
(no en teritis)

0 to 3 48 18
3 to 6 27 17
6 to 12 9 13

12 to 24 8 9
over 24 3 2

Total: 95 59

Table I I  shows the results of the 
v irus isolation studies. In  6.5 per cent 
of th e  cases cytopathogenic viruses 
representing all three enterovirus (po
liovirus, Coxsackie and ECHO) groups 
and th e  adenovirus group could be 
isolated.

T able  II
Virus isolation results

Type of iso lated  
v irus

N um ber of isolated strains

T otal
enteritis

group
control
group

Poliovirus 1 1 1
Poliovirus 3 1 1 2
Coxsackie A9 1 1
Coxsackie B4 l 1
ECHO 14 2 2
Adenovirus 4 1 1
Untyped 4 4

Total: 4 8 12

As the  d a ta  in Table I I I  indicate, 
enteropathogenic E. coli strains could 
be isolated by repeated tests in 54 
per cent of the  37 cases of “acute mild 
enteritis” . The corresponding value 
for the 58 cases of “acute severe ente
ritis” was 67 per cent. The num ber 
of successful isolations significantly 
increased in  repeated tests, as com
pared w ith  the  result of single tests. 
In  the control group the percentage 
of positiv ity  was 17 per cent whether 
on single or repeated isolations.

T a b le  III
Enteropathogenic E. coli strains 

in the various conditions by one test and 
by repeated testing

Clinical
classification

Number 
of cases

E. coli iso
lated by one 

test
number

E . coli iso
la ted  by 
repe; tei 
testing  
num ber

Acute, mild 37 5 20
Acute, severe 58 17 39
Control (no 
diarrhoea) 59 3 10

Total 154 25 69
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The data  in Table IV  indicate the 
incidence of enteropathogenic E. coli 
excretors according to  age groups.

The number of excretors under 1 
year of age was considerable in both 
groups. I t  is conspicuous, however, 
th a t the incidence of enteropatho
genic E. coli in the  group 0 to  3

T able IV
Enteropathogenic E. coli strains excreted 

in the different age groups 
(out of 69 excretors)

with enteritis
w ithou t

Age groups 
months number 

of cases
ex

cretors
num ber

enteritis  
num ber 

of cases

ex
cretors
number

0 to 3 48 41 18 5
3 to 6 27 12 17 1
6 to 12 9 5 13 2

12 to 24 8 1 9 2
Over 24 3 — 2 —

Total 95 59 59 10

months with diarrhoea was 86 per 
cent, and in the 3 to  6 m onths and 
6 to  12 months age groups, 50 per 
cent, while the infants having no 
diarrhoea showed m erely one third 
of these incidences.

Table V
Isolated E. coli strains

Type
N um ber 

of strains

0111 : B4 43
055 : B5 31
026 : B6 3
086 : B7 9

0127 : B8 1
0119 : B14 1

Total 88

Among the isolated E. coli strains 
the 0111 : B4 strain dom inated in the 
period of testing (Table V).

The same is indicated by the data  
in Table VI, according to  which the 
0111 : B4 strain occurred alone in 32 
cases, and together with the serotype 
055 : B5 in 8 cases. Other entero
pathogenic E. coli strains occurred 
together in further 8 cases.

Table VI
Number of E. coli excretors and serotype 

of isolated strains

Type
N um ber

of
excretors

OUI : B 4 ...................................... 32
055 : B 5 ...................................... 16
026 : B 6 ...................................... 2
086 : B 7 ...................................... 2
0127 : B 8 ....................................... 1
0111 : B4 +  055 : B5 ............... 8
055 : B5 +  086 : B7 ............... 3
055 : B5 +  026 : B6 ............... 1
086 : B7 +  0119 : B14 ............. 1
0111 :B4 +  055 : B5 -f 086: B7 3

Total............................................ 69

D is c u s s io n

The results of our investigations and 
the data  in the  literature supplied only 
partially  satisfactory answers to  the 
question raised in the introduction. 
The incidence of virus excretion was 
low (6.5 per cent) in both groups 
tested. I t  is to  be noted, however, 
th a t most of the subjects under 2 years 
of age were tested soon after Sabin 
vaccination. This is reflected also by
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the  fac t th a t  the isolated poliovirus 
stra ins 1 and 3 proved to  be m arker 
rct/40“  ones thus presum ably 
vaccine strains. I f  we exclude these 3 
vaccine strains from the few strains 
isolated  and take into account the 
enterovirus excretion d a ta  obtained 
by DÖMÖK et al. in alm ost the  same 
period [5,6], according to  w hichin 1960 
Coxsackie B4 and ECHO 14 were most 
often excreted by subjects under 2 
years o f age, it may be s ta te d  th a t 
our m aterial, in which these two 
viruses represented 3 strains, reflects 
th e  ac tual virus excretion pattern  
characteristic of the age groups tested. 
I t  is also decisive tha t, according to 
the  estim ate of Dömök e t al. [6] in 
th a t  period in Hungary the  symptom - 
free enterovirus excretors num bered 
abou t 40,000.

I t  would thus seem th a t  the  role 
p layed  by  the isolated viruses in the 
given enteral conditions should be 
accepted with certain restrictions, 
even if  the  incidence of positive iso
lations was higher. This view is sup
po rted  by  the following d a ta  from  the 
litera tu re . In 1961, R e it a n o  and 
D a r d  Av o n  I [20] drew the sam e con
clusion from the results obtained in a 
sim ilar material; in their group with 
d iarrhoea the incidence of enterovirus 
excretion was 26 per cent, against 31 
per cent in the control group. The 
incidence of ECHO types was 15 per 
cent in  both groups. In  1959 B e r g a - 
m in i  and  A n d r eo n i [1] succeeded in 
isolating enterovirus or adenovirus in 
10 p e r cent and intestinal bacteria  in 
21 pe r cent of their cases w ith  diar
rhoea; in  68 per cent they  found no

pathogenic micro-organisms. They a t 
tribu ted  no aetiological role to  the 
isolated viruses. Gio v a n a r d i e t al. [9] 
isolated cytopathogenic virus in 10 
per cent of 160 patients with sporadic 
infantile gastroenteritis, while in 83 
per cent the pathogen could not be 
identified. Their conclusions were 
similar to  those m entioned above. 
McL e a n  et al. [15] found enterovirus 
in a small percentage of their cases 
of epidemic gastroenteritis; they  did 
not consider this finding to bring them 
nearer to  the solution of the problem. 
Sc h ö n fe l d  and R am on  [23] isolated 
enterovirus in 15 per cent of faecal 
samples from both gastroenteritis and 
respiratory cases. Sattthoff [22], 
studying infantile abacterial enteritis 
could isolate merely a few enterovi
ruses and emphasized th a t th e  success 
of isolation depended always on the 
actual degree of virus excretion, which 
m ay vary from country to  country 
and from year to year, in dependence 
on a num ber of conditions, and  this is 
why his results differed from  those 
obtained in 1956 by R a m os-A lvarez  
and Sa b in  [18]. The last-nam ed 
authors isolated namely various types 
of enterovirus and adenovirus in 50 
per cent of cases of diarrhoea and 
claimed an im portant role to  the 
ECHO group, which they  found to 
occur six times more often in  patients 
with diarrhoea than in healthy sub
jects. I t  is, however, difficult to  form 
an opinion concerning the  role of 
ECHO viruses in view of the  fact th a t 
the 42 isolated strains belonged to 13 
different serotypes. O ther authors 
have also attribu ted  a role to  the
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ECHO viruses in enterai conditions. 
E ic h e n w a l d  et al. [7], for instance, 
consider ECHO type 14 to be patho
genic. B er g a m in i and B o n e t t i [2], 
K l e in  et al. [12] found th a t ECHO 11, 
L é p in e  et al. [14] and So m m er v ille  
[24] th a t ECHO 14 occurred fre
quently in cases of infantile epidemic 
diarrhoea, whereas others, for example 
F e l ic i et al. [8], and K olta y  et al.
[13], found Coxsackie B3 in a con
siderable num ber of patients.

On the basis of our own results and 
the above data  we tend to support the 
view th a t  the excretion of enterovirus, 
apart from the high incidence of cer
ta in  types in circumscribed outbreaks, 
supplies information not as to the 
aetiological factors, bu t to the measure 
and quality of virus excretion charac
teristic of the given conditions. I t  
should also be emphasized th a t in 
such studies the use of representative 
control groups is essential.

Some authors have supplemented 
the virus excretion studies w ith an ti
body response tests [7, 13, 18]. E va
luation of such data  is, however, ren
dered difficult by the fact th a t in 
general we have no sufficient infor
m ation as regards the responses of 
symptom-free excretors, and, further, 
th a t a positive immune response does 
not yet decide whether it  is an immune 
response to  the aetiological factor or 
merely to  an abortive viral infection 
occurring independently of the d iar
rhoea. We have therefore om itted to 
carry out such tests.

The opinions in the literature are 
unequivocal as regards the aetiologi
cal role played by the different entero-

pathogenic bacteria (Salmonella, Shi
gella, E. coli) in infantile enteritis and 
enterocolitis. In  our present studies 
it could once again be confirmed th a t 
the  enteropathogenic E. coli strains 
played a leading role in these sporad
ic cases of enterocolitis. Owing to 
the small number of the  isolated 
strains, nothing definite can be sta ted  
concerning the role of other bacteria 
(Klebsiella, Proteus, Pseudomonas, 
Staphylococcus). (Results of previous 
studies in this field have been pub
lished by one of us [27]). In  the  present 
examinations no Salmonella and Shi
gella strains were isolated; th is is only 
natural since cases of dysentery  or 
dysentery-like conditions were ex
cluded from the material.

Our results clearly m irror the im
portance of repeated bacteriological 
tests in sporadic cases of infantile 
enteritis. This is quite obvious from 
the data  in Table I I I . The signifi
cance of serial tests is increased by 
the  fact th a t in the group designated 
“acute severe” , requiring continuous 
drop infusion, one test revealed the 
presence of the pathogen in  17 (29 per 
cent), whereas repeated tests in 39 
(67 per cent) of the 58 cases.

The results obtained by  one single 
exam ination closely agree w ith the 
30 per cent value reported in 1952 by 
R attss et al. [19] for en teropatho
genic E. coli excretors.

The 17 per cent incidence of entero
pathogenic E. coli in the control group 
is not conspicuous. R epeated tests in 
normal groups often yielded similar 
values, as reported in the literature. 
In  Hungary, R ttdnai et al. [21] found
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about 25 per cent symptom -free ex- 
cretors among 251 healthy children 
aged 1 to  2 years.

In  spite of the repeated bacteriolog
ical and  virological tests the  aetiol
ogy rem ained unclear in 33 per cent 
of even the “ acute severe” group. 
This again shows th a t  every effort 
should be made to develop diagnostic 
m ethods more sensitive than  those in 
common use. This was our reason for 
including into the polyvalent E. coli 
sera diagnostic ones for the  infre
quently  occurring enteropathogenic 
E. coli strains. The num ber of clarified 
cases m ay be increased also by the 
dem onstration of new pathogenic E. 
coli types [28]. A num ber of data are 
indicating th a t the  immunofluores
cence m ethod m ay be used with 
success for the aetiological clarifica
tion of sporadic or epidemic cases of 
infantile enteritis. In  this respect we 
only refer to  the papers by T hom ason  
et al. [3, 25, 26] and our own expe
rience th a t  by means of the  method 
about double the num ber of E. coli 
excretors can be dem onstrated as 
by other ones [29]. On the other 
hand, the  num ber of isolated viruses 
m ay also be increased by an expansion 
of the  methods.
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Sum m ary

(i) Two hundred and seventy faecal 
samples obtained from 154 infants 
and children under 2 years of age were 
tested  bacteriologically and virologi- 
cally. Of the patients, 95 suffered 
from  non-dysenteric enterocolitis and 
59 were controls with no d iar
rhoea.

(ii) In  62 per cent of the enteritis 
cases enteropathogenic E. coli could 
be isolated. In  the acute, severe cases 
the incidence of E. coli excretion was 
76 per cent.

(iii) The importance of repeated 
testing is emphasized. While by one 
a ttem p t a t isolation, enteropatho
genic E . coli strains could be isolated 
in about 30 per cent of the cases, by 
repeated testing this succeeded in 60 
per cent. Thus, one screening m ay 
yield a false result concerning the in
cidence of enteropathogenic E. coli 
in cases of diarrhoea.

(iv) R epeated testing showed the 
presence of enteropathogenic E. coli 
in 17 per cent of the control patients 
w ith no diarrhoea.

(v) Cytopathogenic viruses includ
ing poliovirus, Coxsackie, ECHO and 
adenovirus, could be isolated in  12 
cases, 4 in  the diarrhoeal and 8 in  the 
control group. The small num ber of 
the  viruses isolated, the lack of uni
form ity, and the similarity of inci
dence among the population speak 
against a viral aetiology of the 
enteritis cases with a negative bac
teriology. Pertinent data  in the liter
a tu re  are quoted to support this 
view.
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