
Acta Paediatrica Hungarian, 27 (2), pp. 97 —  70.5 (1986)

Pneumococcal Infections D uring Childhood: 
Serotyping of Pneumococcal Strains from 

Forty-six Chileiem
FB Spencker1, W Handrick1, J Fleurette3, W Springer1,

Karin R ieske1, J B ennek2

C hild ren ’s H o sp ita l1 a n d  C linic o f  P aed ia tric  S u rg e ry 2, D ep a rtm en t o f  M edicine, K arl 
M arx U n iv e rs ity  a t  L eipzig , G D R , an d  L a b o ra to ire  de  B actério logie-V irologie3 de 

l ’U n iv e rs ité  L yon  I  C laude B e rn a rd , F ran ce

T he re su lts  o f  se ro ty p in g  o f  fo r ty -s ix  s tra in s  o f pneum ococci iso la ted  
from  ch ild ren  aged  3/12 to  14 0/12 y e a rs  a n d  diagnosed as hav in g  p n eu m o n ia , 
m en ing itis , p r im a ry  p e riton itis , o ti tis  m ed ia , lym phaden itis , o steo m y elitis , 
b ac te raem ia  an d  co n ju n c tiv itis  a re  p re sen ted .

T he  re su lts  o f  se ro ty p in g  a n d  th e  frequency  d is tr ib u tio n  o f  th e  
d e tec ted  se ro ty p es  w ere com pared  to  th e  p a r tic u la r  diagnoses e stab lished  
an d  th e  age a t  w hich th e  su b jec ts  in v o lv ed  h ad  becom e ill. Q u estio n s  o f 
ep idem iology  a n d  possib ilities o f  im m u n o p ro p h y lax is  a re  d iscussed. F in a lly , 
th e  o ccu rren ce  o f  pneum ococci th a t  a re  re s is ta n t to  a n tib io tic  a g e n ts  a re  
d iscussed since  a n  iso la ted  s tra in  w as fo u n d  to  show reduced su scep tib ility  
to  pen ic illin  G.

In spite of present day possibilities 
of therapy with antibiotics, infections 
with pneumococci (Streptococcus 
pneumoniae) still present major medi­
cal problems [27]. This particular fact 
and reports describing the occurrence 
of strains of pneumococci that were 
observed to be resistant to penicillin 
and other antibiotic agents [2, 13, 14] 
resulted in problems studied inten­
sively in the last years.

There are few recent studies of 
results of typing of pneumococci iso­
lated from diseased children [22]. 
This paper presents initial results of 
our studies of the subject.

Patients and Methods

T he s tu d ie s  co n duc ted  b y  u s  included 
s tra in s  o f pneum ococci th a t  w ere isolated 
betw een  A pril, 1980, a n d  J a n u a ry , 1984, 
from  p a tie n ts  a t  th e  C h ild ren ’s H osp ita l

an d  C linic o f P aed ia tric  S u rg e ry , K a rl 
M arx  U n iv e rs ity  a t  Leipzig. T h e  s tra in s  
w ere o b ta in e d  from  blood cu ltu re s , c e reb ro ­
sp in a l flu id s  (CSF), p leural a n d  p e rito n ea l 
flu ids, e a r  a n d  eye sw abs, a s  w ell a s  a b ­
scesses a n d  bone asp ira te s . P re lim in a ry  
id e n tif ic a tio n  w as carried  o u t  b y  bile 
so lu b ility  te s tin g . R esis tance  d e te rm in a ­
tio n s w ere  m ad e  using th e  s ta n d a rd  a g a r 
d iffu sio n  te s t  [37].

T h e  s tra in s  w ere freeze-dried a n d  t r a n s ­
ferred  fo r ty p in g  to  th e  L a b o ra to ire  de 
B actério logie-V irologie de l’U n iv e rs ité  L yon  
I ,  F ra n c e .

T h e  c a p su la r  sw elling reac tio n  w as used 
fo r sero log ica l de te rm in a tio n  w ith  th e  a id  
o f an tipneum ococc ic  sera  (S ta te n s  S erum  
In s t i tu te ,  C openhagen, D en m ark ; 9 pool 
sera , A  th ro u g h  I ,  46 ty p e  o r  g ro u p  sera). 
T he  D an ish  nom encla tu re  w as u sed  fo r  th e  
d es ig n a tio n  o f ty p es  and  g roups . T h e  c lin ­
ical a n d  la b o ra to ry  d a ta  w ere considered  
fo r th e  a rran g em en t o r c lassif ica tio n  of 
d iseased  ch ild ren  in  d iagnostic  g ro u p s . In  
one ch ild  w here  pneum ococci w ere d e te c te d  
in th e  b lood  cu ltu re  i t  w as n o t p o ss ib le  to  
o b ta in  s ig n ifican t evidence of local m an i-
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98 F B  Spencker et al : Pneumococcal infections

f e s ta tio n  o f  th e  infection; th a t  is w h y  i t  
w as d ia g n o s e d  as  bacte raem ia .

F o r  s ta t i s t ic a l  considera tions, u se  w as 
m a d e  o f  th e  U -te s t of W ilcoxon e t  al [31].

R e s u l t s

A total of 46 strains of pneumococci 
could be typed. Table I shows the 
relations between clinical diagnosis 
and the various materials examined, 
with blood cultures, CSF and pleural 
fluids accounting for the majority. 
The diagnoses were in order of fre­
quency: pneumonia (2), meningitis
(14), primary peritonitis (4), otitis 
media (2), lymphadenitis (2), osteo­
myelitis (2), bacteraemia (1), and con­
junctivitis (1). The seasonal distribu­
tion of the diseases is shown in Fig 1. 
From the data presented in this Fig­
ure it is apparent that the incidence 
showed a marked increase in the 
period from January to April and was 
less pronounced in the period between 
August and October. As far as pul­
monary infections are concerned, the 
month of July showed the same mor­

bidity rate as the month of April. 
For children with pneumonia, sex 
distribution showed a male to female 
ratio of 1.5:1. For children with 
meningitis the ratio was 1:1. For all 
the diseased children the ratio was in 
the order of 1:1.2. The median values 
for the age at which children had 
become ill were 37 months for chil­
dren with pneumonia, 15 months for 
children with meningitis, and 24 
months for all of the diseased children.

The age at which children fell ill 
ranged from 3/12 to 14 9/12 years. 
There was a significant difference in 
age distribution between children with 
pneumonia and those affected with 
meningitis (oc =  0.05). Of the children 
with pneumonia, six were two years 
of age or less (of a total of twenty), 
of those affected with meningitis, ten 
were two years of age or less (of a 
total of fourteen). And of all the 
diseased children, twenty-three were 
two years of age or less (of a total of 
forty-six).

Ten different serotypes were ob­
served in our material. Serotypes of

T a b l e  I

R e la tio n sh ip  betw een  c lin ica l d iagnosis a n d  k in d  o f  m ateria l exam ined  
(w ith  p resen ce  o f  pneu m o co cc i de tec ted )

Material examined

Clinical diagnosis

Pneumonia 

(N =  20)

Meningitis 

(N =  14)

Peritonitis Osteomyelitis/ 
arthritis 

(N =  4) (N =  2)

Other 
diseases* 
(N =  6)

Total 

(N =  46)

B lood cu ltu re 9 3 1 2 15
CSF и 11
P leu ra l flu id 11 11
E a r sw ab 2 2
E ye sw ab 1 1
Abscess asp ira te 1 1
B one asp ira te 1 1
P e rito n ea l flu id 4 4

* =  Lym phadenitis, o titis media, conjunctivitis, bacteraem ia
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Number 
of c a se s

10-

7
6
5
it-
3
2
1

F ia . 1. Seasonal d is tr ib u tio n  o f  46 pn eu m o co cca l in fections. I  =  p n eu m o n ia , I I  =  
m en ing itis , I I I  =  all p a t ie n ts  s tud ied

pneumococci are shown in Fig 2. 
Table II shows a breakdown of sero­
types according to the clinical diag­
nosis. Table III shows the distribu­
tion of serotypes in relation to age. 
Type 6 took the first place in the 
group of children aged 3 months to 
2 years, it was not present in chil­
dren aged 2 years to 4 years, and it 
appeared once only in patients over 
4 years of age.

Type 1 was dominant in the latter 
group of patients; it took the first 
place in children aged 2 years to 4 
years, and was not present in the

group of youngest patients. Whereas 
type 14 was strongly represented in 
the two lower age groups, it was ab­
sent in the children over 4 years. The 
widest spectrum of isolated serotypes 
was found in the children aged 3 
months to 2 years.

Of the 46 strains of pneumococci 
one strain showed, in the agar dif­
fusion test, only a 12 mm zone of 
inhibition when penicillin G was used 
in a test dose of 3 LU. Checking 
yielded the following minimum in­
hibitory concentrations: penicillin G, 
0.125 /zg/ml; ampicillin, 0.032 pg/ml;
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F i g . 2. C u m u la tiv e  p e rcen tag es  o f  pneum ococcal se ro ty p e s  cultured  from  46 ch ild ren  
b e tw een  A pril, 1980, a n d  J a n u a r y ,  1984

T a b l e  I I
F re q u e n c y  o f  occurrence o f  se ro ty p es  o f p n eu m o co cc i in  various diseases (N  =  46) 

d u rin g  ch ild h o o d  beyond th e  n e o n a ta l  period

Serotype
Pneumonia 

(N =  20)

Meningitis Peritonitis Osteomyelitis/ 
arthritis

(N =  14) (N =  4) (N =  2)

Other 
diseases* 
(K =  6)

Total 

(N =  46)

1° 7 1 4 12
3° 4 1 5
4° 1 1 1 3
6 ° 3 3 1 1 8

14° 3 2 2 7
15 1 1
18° 3 3
19° 1 1 1 3
22 1 1
23° 1 1 1 3

T a b l e  I I I
F req u en cy  d is tr ib u tio n  o f  sero types o f  p n eu in o co c c i in re la tion  to  age

Patients

Rank order

Total number 

(N =  46)

Three months 
to < 2  years 

(N =  23)

Two years 
to < 4  vears 

(N =  11)

> 4  years 

(N =  12)

Type (Number 
of strains) Type (Number 

of strains) Type (Number 
of strains) Type (Number 

of strains)

1 1 (12) 0 (7) 1 (3) 1 (9)
2 « <»> 14 (4) 14 (3) 0 (1)
3 14 (7) 19 (3) 3 (2) 3 (1)
4 3 (5) 3 (2) 4 (1) 22 (1)
5 4 (3) 4 (2) 18 (1)
(i 18 (3) 18 (2) 19 (1)
7 23 (3) 23 (2)
8 19 (3) 15 (1)
9 15 (1)

10 22 (1)
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oxacillin, 1.00 pg/ml. Evidence for 
beta-lactamase production was not 
obtained. The strain had been isolated 
from a child with otitis media and 
mastoiditis, and proved to be sero­
type 4. The child, before admission to 
our hospital, had been treated for an 
extended period with oxacillin in 
another hospital.

D iscussion

A detailed description of the history 
of pneumococcal research was pres­
ented by Austrian [4]. The fact that 
pneumococci isolated from normal car­
riers and diseased subjects show poly­
saccharide capsules soon proved of 
particular interest. The different cap­
sules provide the basis for classifica­
tion into serotypes of which the total 
number is at present eighty-three (3).

Pneumococci that are merely pres­
ent on the mucous membranes show, 
in so far as the frequency distribution 
of serotypes is concerned, a different 
pattern than those isolated in the case 
of invasive infections [24.] Acquisi­
tion of antibodies without clinical in­
fections by pneumococci is appro­
priately explained by stimulation 
through homologous antigens (i.e. 
pneumococci carried in the naso­
pharynx) and cross-reacting antigens 
of other bacteria found on various 
body surfaces, e.g., Klebsiella spp., 
E. coli and some types of strepto­
cocci [16]. Results of both clinical and 
experimental studies provided ample 
evidence for the central position oc­
cupied by the spleen in the defense

against pneumococcal infections [7, 
15]. This is considered to explain the 
special disposition to infections by 
pneumococci of morphologically or 
functionally asplenic patients [7, 27]. 
Further dispositional factors for p n e u ­

mococcal infections in infancy [sur­
veys of which are given in 3, 7, 27] are: 
anatomical defects in the cranial 
region, sickle cell anaemia, malignan­
cies (particularly Hodgkin disease), 
primary or secondary immunodefi­
ciencies.

In cases of childhood pneumonia, 
pneumococci have been reported to be 
the most frequent causal agents [27]. 
As agents causing bacterial meningitis 
of childhood they generally are second 
or third in frequency [20, 27]. During 
childhood, infections by pneumococci 
occur above all in the first two years 
of life [22, 28]. As far as the principal 
types of manifestation during child­
hood are concerned, children with 
meningitis seem to be of the lowest 
average age.

From a detailed consideration of 
the observations analysed here it is 
reasonable to assume that, in the 
period under review, the diagnosis of 
pneumococcal pneumonia could be 
established just too infrequently. De­
tection of the presence of pneumococci 
in blood cultures and pleural fluids, 
respectively, reflects only part of the 
diseases since not all cases of pneumo­
coccal pneumonia showed a simulta­
neous occurrence of bacteraemia and/ 
or pleural involvement and because 
suitable material was not or could not 
be obtained in each case or a micro­
biological diagnosis was not made
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until after the administration of antibi­
otic agents [3].

In our hospital, too, pneumococci 
take the third place as meningitis 
causing agents. As to the age at which 
the patient had fallen ill, our observa­
tions are in agreement with those 
reported in the literature. We, too, 
were able to find that the average age 
of children with meningitis, which is 
fifteen months, is markedly lower than 
that of children affected with pneu­
mococcal pneumonia.

In the literature available to us, 
authors reported a more or less pro­
nounced predominance of the male 
sex [27]. In our children such a pre­
dominance was shown only by pneu­
mococcal pneumonia, whereas chil­
dren with meningitis showed a sub­
stantially balanced ratio. The pre­
dominance of girls in the overall re­
sult might be considered as being due 
chiefly to the proportion of cases of 
primary peritonitis, a disease which 
occurs almost exclusively in girls dur­
ing childhood.

In studies on the seasonal distribu­
tion of diseases produced by pneumo­
cocci, some authors observed a sub­
stantial increase in months with lower 
temperatures [22, 27]. Our results 
only showed a less frequent occur­
rence of pneumococcal infections be­
tween the months of August and 
October.

As a rule, determination of the 
serotypes of isolated strains of pneu­
mococci was dispensed since the ad­
vent of antimicrobial chemotherapy. 
Interest in serotyping again arose in 
the last fifteen to twenty years. Rea­

sons therefore can be summarized as 
follows [9, 19, 27, 32].

- Pneumococci continue to be causal 
agents of common and occasionally 
serious infections.
Their importance for old and dis­
posed patients is on the increase. 

— There are not only penicillin G- 
resistant, but multiple resistant 
pneumococci.
Production and controlled applica­
tion of vaccines for the prevention 
of pneumococcal infections is de­
sirable and feasible.

- There are indications of varying 
frequency distributions of major 
serotypes which differ in different 
geographic regions and, possibly, 
over larger periods of time and 
therefore require programmes of 
continuous surveillance to be in­
stituted.

From the large number of previous 
studies on the frequency of occur­
rence of different serotypes in invasive 
infections it is evident that only about 
twenty types or subtypes can be 
regarded as being of special impor­
tance [6, 8, 9, 11, 12, 28, 29, 33]. 
They give the following series accord­
ing to the frequency of occurrence: 

Types 6, 14, 19, 23, 9, 15, 17, 18 
[Gray et al, 23]

Types 14, 19, 6, 18 [Broome and 
Facklam, 8]

Types 19, 14, 23, 18, 4 [Weisholtz 
et al, 3G]

Types 19, 6, 23, 14, 3, 18, 4, 9, 7, 1 
[Gray et al, 22].

Special importance has been at­
tached to type 14 in childhood [8, 23];
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in our material, too, type 14 was 
frequent in the lower age groups, 
whereas it could not be found beyond 
four years of age. Type 1 is the most 
common with pneumonia and it is 
the only type that was identified in 
all of the cases of primary peritonitis. 
As regards pneumonia, in some re­
ports [33] type 1 took the first place. 
Our observation of the frequent oc­
currence of type 6 in children under 
two years of age as compared with 
older children has been found also by 
other authors [22, 27].

On the basis of a large number of 
studies of the prevalence of serotypes 
of pneumococci responsible for in­
vasive infections, some immunopro- 
phylactic vaccines were developed 
containing the polysaccharides of the 
most important types (surveys are 
given in 3, 5). For example, there is 
a clinically tested and certified 8-val- 
ent [32], a 14-valent [1, 10], a 17- 
valent [18], and more recently a 23- 
valent [5, 28] vaccine. Of these, the 
14-valent vaccine (Pneumovax®, 
MSD) found widest application in the 
USA [1] and later in other countries 
[3, 26, 35]. It contains the poly­
saccharide substance of types or sub- 
types 1, 2, 3, 4, 6A, 7F, 8, 9N, 12F, 
14, 18C, 19F, 23F and 25 and, ac­
cording to the studies cited, it is 
capable of covering effectively some 
70 to 80% of all serious pneumococcal 
infections occurring in North America 
and Europe, since these are caused by 
corresponding or closely related sero­
types. The serotypes found in diseased 
children correspond better to those 
contained in the vaccine than to the

serotypes isolated from adults [22, 27, 
28, 33]. Also, among the 46 strains of 
pneumococci which were isolated by 
us there are only two (namely, types 
15 and 22 occurring once each, both 
isolated from children with meningi­
tis) that did not correspond nor were 
related to any of the types contained 
in the vaccine. This means a level of 
agreement of approximately 96%.

As to the age of children, opinions 
are divided in certain points [for 
surveys 7, 21, 26, 28, 30, 32]. The 
most highly endangered age group, 
children up to two years of age, can­
not probably be considered to come 
into question for immunization. In the 
case of splenectomy, it would be 
necessary that the inoculation be per­
formed some four to eight weeks prior 
to the proposed surgical intervention; 
otherwise, vaccination would have to 
be performed at the earliest one or 
two weeks after the intervention.

Children with Hodgkin disease 
should, if possible, be vaccinated 
before therapy is started. Since a 
protective effect could not convinc­
ingly be demonstrated for the major­
ity of indications, some authors [21, 
30] recommend that immunization 
after splenectomy should be combined 
with antibiotic (e.g. penicillin) pro­
phylaxis for three to five years and 
that these children be examined by 
the attending physician whenever 
they have a febrile disease.

It is of crucial importance that the 
resistance of pneumococci to anti­
biotics, and more particularly to peni­
cillin, be most carefully controlled. 
Obviously, there are marked differ-
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ences in resistance in different geo­
graphic regions [2, 13, 25, 34, 39]. 
In Europe, the situation seems to be 
favourable [12, 35, 38] although some 
papers [10, 14, 17] reported the occur­
rence of resistance or of reduced sus­
ceptibility. Of the 46 strains isolated 
by us only one proved to be of reduced 
susceptibility to penicillin G; in a 
child that had received oxacillin for a 
prolonged period of time.

Summing uj), the following con­
clusions have been drawn.

The distribution of serotypes of 
the strains of pneumococci isolated 
from different age and different 
disease groups should be surveyed 
on a broad basis.

- The resistance to antibiotic agents 
proposed to be used for thera­
peutical purposes should carefully 
be determined in every case, it 
being advisable for the results 
obtained to be included in a 
Chemotherapeutic Resistance Sur­
veillance Program.
The group of subjects up to two 
years of age should be included in 
a program undertaken with a view 
to arriving at a better understand­
ing of the immune response to 
polysaccharide antigens and enabl­
ing new approaches to be adopted 
prior to inclusion in immunopro­
phylaxis of this particularly en­
dangered group of patients.
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